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Foreword 

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical 
Commission) form the specialized system for worldwide standardization. National bodies that are 
members of ISO or IEC participate in the development of International Standards through technical 
committees established by the respective organization to deal with particular fields of technical activity. 
ISO and IEC technical committees collaborate in fields of mutual interest. Other international 
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the 
work. 

The procedures used to develop this document and those intended for its further maintenance are 
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the 
different types of document should be noted. This document was drafted in accordance with the editorial 
rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives or 
www.iec.ch/members_experts/refdocs). 

ISO and IEC draw attention to the possibility that the implementation of this document may involve the 
use of (a) patent(s). ISO and IEC take no position concerning the evidence, validity or applicability of any 
claimed patent rights in respect thereof. As of the date of publication of this document, ISO and IEC have 
not received notice of (a) patent(s) which may be required to implement this document. However, 
implementers are cautioned that this may not represent the latest information, which may be obtained 
from the patent database available at www.iso.org/patents and https://patents.iec.ch. ISO and IEC shall 
not be held responsible for identifying any or all such patent rights. 

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement. 

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and 
expressions related to conformity assessment, as well as information about ISO's adherence to the World 
Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see 
www.iso.org/iso/foreword.html. In the IEC, see www.iec.ch/understanding-standards. 

This document was prepared by Joint Technical Committee ISO/IEC JTC 1, Information technology, 
Subcommittee SC 32, Data management and interchange. 

This sixth edition cancels and replaces the fifth edition (ISO/IEC 9075-2:2016), which has been 
technically revised. It also incorporates the Technical Corrigenda ISO/IEC 9075-2:2016/Cor.1:2019 and 
ISO/IEC 9075-2:2016/Cor.2:2022. 

The main changes are as follows: 

— native JSON datatype; 

— more types of numeric literals; 

— additional SQL functions: 

— ANY_VALUE, 
— BTRIM, 
— GREATEST, 
— JSON_SCALAR, 
— JSON_SERIALIZE, 
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— LEAST, 
— LPAD, 
— LTRIM, 
— RPAD, 
— RTRIM; 

— improve the presentation and accuracy of the summaries of implementation-defined and 
implementation-dependent aspects of this document; 

— introduction of several digital artifacts; 

— alignment with updated ISO house style and other guidelines for creating standards. 

This sixth edition of ISO/IEC 9075-2 is designed to be used in conjunction with the following editions of 
other parts of the ISO/IEC 9075 series, all published 2023: 

— ISO/IEC 9075-1, sixth edition; 

— ISO/IEC 9075-3, sixth edition; 

— ISO/IEC 9075-4, seventh edition; 

— ISO/IEC 9075-9, fifth edition; 

— ISO/IEC 9075-10, fifth edition; 

— ISO/IEC 9075-11, fifth edition; 

— ISO/IEC 9075-13, fifth edition; 

— ISO/IEC 9075-14, sixth edition; 

— ISO/IEC 9075-15, second edition; 

— ISO/IEC 9075-16, first edition. 

A list of all parts in the ISO/IEC 9075 series can be found on the ISO and IEC websites. 

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www.iso.org/members.html and www.iec.ch/national-
committees. 
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Introduction

The organization of this document is as follows:

1) Clause 1, “Scope”, specifies the scope of this document.

2) Clause 2, “Normative references”, identifies additional standards that, through reference in this
document, constitute provisions of this document.

3) Clause 3, “Terms and definitions”, defines the terms and definitions used in this document.

4) Clause 4, “Concepts”, presents concepts used in the definition of SQL.

5) Clause 5, “Lexical elements”, defines the lexical elements of the language.

6) Clause 6, “Scalar expressions”, defines the elements of the language that produce scalar values.

7) Clause 7, “Query expressions”, defines the elements of the language that produce rows and tables
of data.

8) Clause 8, “Predicates”, defines the predicates of the language.

9) Clause 9, “Additional common rules”, specifies the rules for assignments that retrieve data from or
store data into SQL-data, and formation rules for set operations.

10) Clause 10, “Additional common elements”, defines additional language elements that are used in
various parts of the language.

11) Clause 11, “Schema definition and manipulation”, defines facilities for creating and managing a
schema.

12) Clause 12, “Access control”, defines facilities for controlling access to SQL-data.

13) Clause 13, “SQL-client modules”, defines SQL-client modules and externally-invoked procedures.

14) Clause 14, “Data manipulation”, defines the data manipulation statements.

15) Clause 15, “Additional data manipulation rules”, defines additional rules for data manipulation.

16) Clause 16, “Control statements”, defines the SQL-control statements.

17) Clause 17, “Transaction management”, defines the SQL-transaction management statements.

18) Clause 18, “Connection management”, defines the SQL-connection management statements.

19) Clause 19, “Session management”, defines the SQL-session management statements.

20) Clause 20, “Dynamic SQL”, defines the SQL dynamic statements.

21) Clause 21, “Embedded SQL”, defines the host language embeddings.

22) Clause 22, “Direct invocation of SQL”, defines direct invocation of SQL language.

23) Clause 23, “Diagnostics management”, defines the diagnostics management facilities.

24) Clause 24, “Status codes”, defines values that identify the status of the execution of SQL-statements
and the mechanisms by which those values are returned.

25) Clause 25, “Conformance”, defines the criteria for conformance to this document.

26) Annex A, “SQL conformance summary”, is an informative Annex. It summarizes the conformance
requirements of the SQL language.
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27) Annex B, “Implementation-defined elements”, is an informative Annex. It lists those features for
which the body of this document states that the syntax, themeaning, the returned results, the effect
on SQL-data and/or schemas, or other aspect is partly or wholly implementation-defined.

28) Annex C, “Implementation-dependent elements”, is an informative Annex. It lists those features for
which the body of this document states that the syntax, themeaning, the returned results, the effect
on SQL-data and/or schemas, or other aspect is partly or wholly implementation-dependent.

29) AnnexD, “SQLoptional feature taxonomy”, is an informativeAnnex. It identifies the optional features
of the SQL language specified in this document by an identifier and a short descriptive name. This
taxonomy is used to specify conformance.

30) Annex E, “Deprecated features”, is an informative Annex. It lists features that the responsible
Technical Committee intends not to include in a future edition of this document.

31) Annex F, “Incompatibilities with ISO/IEC 9075:2016”, is an informative Annex. It lists incompatibi-
lities with the previous edition of this document.

32) Annex G, “Defect Reports not addressed in this edition of this document”, is an informative Annex.
It describes the Defect Reports that were known at the time of publication of this document. Each
of these problems is a problem carried forward from the previous edition of the ISO/IEC 9075
series. No new problems have been created in the drafting of this edition of this document.

33) Annex H, “SQLmandatory feature taxonomy”, is an informative Annex. It identifies mandatory fea-
tures and subfeatures of the SQL language specified in this document by an identifier and a short
descriptive name. This taxonomy is used to specify conformance to Core SQL.

In the text of this document, in Clause 5, “Lexical elements”, throughClause 24, “Status codes”, Subclauses
begin new pages. Any resulting blank space is not significant.
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INTERNATIONAL STANDARD ISO/IEC 9075-2:2023(E)

Information technology— Database language SQL—

Part 2:
Foundation (SQL/Foundation)

1 Scope

This document defines the data structures and basic operations on SQL-data. It provides functional cap-
abilities for creating, accessing, maintaining, controlling, and protecting SQL-data.

This document specifies the syntax and semantics of a database language:

— for specifying and modifying the structure and the integrity constraints of SQL-data;

— for declaring and invoking operations on SQL-data and cursors;

— for declaring database language procedures;

— for embedding SQL-statements in a compilation unit that is otherwise written in a particular pro-
gramming language (host language);

— for deriving an equivalent compilation unit in the host language. In that equivalent compilation
unit, each embedded SQL-statement has been replaced by one or more statements in the host lan-
guage, some of which invoke an SQL externally-invoked procedure that, when executed, has an
effect equivalent to executing the SQL-statement;

— for direct invocation of SQL-statements;

— to support dynamic preparation and execution of SQL-statements.

This document provides a vehicle for portability of data definitions and compilation units between SQL-
implementations.

This document provides a vehicle for interconnection of SQL-implementations.

Implementations of this document can exist in environments that also support application programming
languages, end-user query languages, report generator systems, data dictionary systems, program library
systems, and distributed communication systems, as well as various tools for database design, data
administration, and performance optimization.
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content consti-
tutes requirements of this document. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies. 1

ISO/IEC 646, Information technology— ISO 7-bit coded character set for information interchange

ISO/IEC 1539-1:2018, Information technology— Programming languages — Fortran— Part 1: Base
language

ISO 1989:2014, Information technology— Programming languages — COBOL

ISO 6160:1979, Programming languages — PL/I (Endorsement of ANSI X3.53-1976)

ISO/IEC 6429, Information technology— Control functions for coded character sets

ISO 7185:1990, Information technology— Programming languages — Pascal

ISO 8601-1:2019, Date and time— Representations for information interchange— Part 1: Basic rules

ISO/IEC 8652:2012, Information technology— Programming languages — Ada

ISO/IEC8652:2012/Cor.1:2016, Information technology—Programming languages—Ada—Technical
Corrigendum 1

ISO/IEC 8859-1, Information technology— 8-bit single-byte coded graphic character sets — Part 1:
Latin alphabet No. 1

ISO/IEC 9075-1, Information technology— Database languages — SQL— Part 1: Framework
(SQL/Framework)

ISO/IEC 9075-11, Information technology— Database languages — SQL— Part 11: Information and
Definition Schemas (SQL/Schemata)

ISO/IEC 9579, Information technology— Remote database access for SQL with security enhancement

ISO/IEC 9899:2018, Information technology— Programming languages — C

ISO/IEC 10206:1991, Information technology— Programming languages — Extended Pascal

ISO/IEC 10646:2020, Information technology— Universal Multi-Octet Coded Character Set (UCS)

ISO/IEC 11756:1999, Information technology— Programming languages —M

ISO/IEC14651:2020, Information technology—International stringorderingand comparison—Method
for comparing character strings and description of the common template tailorable ordering

ECMA International. ECMA-262— ECMAScript® Language Specification 5.1 Edition [online]. [Place of
publication unknown]: Available at https://262.ecma-international.org/5.1/-
ECMA-262.pdf

1 In this document, ECMAScript Language Specification 5.1 Edition is referenced for the purpose of defining the lexical
elements of the SQL/JSON path language specified in Subclause 9.45, “SQL/JSON path language: lexical elements”, and
Subclause 9.46, “SQL/JSON path language: syntax and semantics”. There are no intentions to update this reference to a
newer edition of ECMA-262.
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InternetEngineeringTaskForce (IETF)RFC8259The JavaScriptObjectNotation (JSON)Data Interchange
Format. Edited by: Miller, Matthew December 2018
Available at: https://datatracker.ietf.org/doc/rfc8259/

The Unicode Consortium. Unicode Regular Expressions [online]. 21. Mountain View, California, USA:
TheUnicodeConsortium,2020-06-17 .Availableathttps://www.unicode.org/reports/tr18/-
tr18-21.html

W3C XQuery and XPath Functions and Operators 3.1 XQuery and XPath Functions and Operators 3.1,
W3C Recommendation. Edited by: Malhotra, Ashok et al. 21 March 2017
Available at: https://www.w3.org/TR/xpath-functions/
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 9075-1 and the following
apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1 Definitions taken from ISO/IEC 10646:2020
3.1.1
character encoding form
form that determines how each UCS code point (3.1.2) for a UCS character is to be expressed as one or
more code units used by the encoding form
[SOURCE: ISO/IEC 10646:2020, 3.22]

3.1.2
code point
value in the UCS codespace
[SOURCE: ISO/IEC 10646:2020, 3.9]

3.1.3
code unit
minimal bit combination that can represent a unit of encoded text for processing or interchange
[SOURCE: ISO/IEC 10646:2020, 3.10]

3.1.4
control character
control function the coded representation of which consists of a single code point (3.1.2)
[SOURCE: ISO/IEC 10646:2020, 3.17]

3.1.5
noncharacter code point
code point (3.1.2) that consists of FDD0-FDEF and any code point (3.1.2) ending in the value FFFE or FFFF
[SOURCE: ISO/IEC 10646:2020, 7.3.7]

3.1.6
normalization form
mechanisms allowing the selection of a unique coded representation among alternative but equivalent
coded text representations of the same text
[SOURCE: ISO/IEC 10646:2020, 22]

3.1.7
repertoire
specified set of characters that are represented in a coded character set
[SOURCE: ISO/IEC 10646:2020, 3.46]
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3.2 Definitions taken from ISO/IEC 14651:2020
3.2.1
collation
process bywhich, given two strings, it is determinedwhether the first one is less than, equal to, or greater
than the second one
[SOURCE: ISO/IEC 14651:2020, 3.7]

3.3 Definitions taken from ISO 8601-1:2019
3.3.1
UTC
Coordinated Universal Time
Time scale with the same rate as International Atomic Time (TAI), but differing from TAI only by an
integral number of seconds
[SOURCE: ISO 8601-1:2019, 3.1.1.12]

3.3.2
date
time on the calendar time scale
[SOURCE: ISO 8601-1:2019, 3.1.1.1]

3.3.3
calendar day of month
ordinal number of a calendar day within a calendar month
[SOURCE: ISO 8601-1:2019, 3.1.2.13]

3.3.4
calendar day of year
ordinal number of a calendar day within a calendar year
[SOURCE: ISO 8601-1:2019, 3.1.2.14]

3.3.5
calendar month
time scale unit resulting from a defined division of a calendar year, each containing a specific number of
calendar days
[SOURCE: ISO 8601-1:2019, 3.1.2.19]

3.3.6
calendar year
time scale unit defined by the calendar system
[SOURCE: ISO 8601-1:2019, 3.1.2.21]

3.3.7
clock hour
time scale unit whose duration is one hour
[SOURCE: ISO 8601-1:2019, 3.1.2.6]

3.3.8
clock minute
time scale unit whose duration is one minute
[SOURCE: ISO 8601-1:2019, 3.1.2.4]
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3.3.9
clock second
time scale unit whose duration is one second
[SOURCE: ISO 8601-1:2019, 3.1.2.2]

3.3.10
day
duration of a calendar day
[SOURCE: ISO 8601-1:2019, 3.1.2.10]

3.3.11
Gregorian calendar
calendar in general use that defines a calendar year that closely approximates the tropical year
[SOURCE: ISO 8601-1:2019, 3.1.1.19]

3.3.12
hour
duration of 60 minutes
[SOURCE: ISO 8601-1:2019, 3.1.2.5]

3.3.13
leap second
intentional time step of one second to adjust UTC to ensure appropriate agreementwithUT1, a time scale
based on the rotation of the Earth
[SOURCE: ISO 8601-1:2019, 3.1.1.24]

3.3.14
minute
duration of 60 seconds
[SOURCE: ISO 8601-1:2019, 3.1.2.3]

3.3.15
month
duration of a calendar month
[SOURCE: ISO 8601-1:2019, 3.1.2.18]

3.3.16
second
base unit of duration measurement in the International System of Units (SI)
[SOURCE: ISO 8601-1:2019, 3.1.2.1]

3.3.17
year
duration of a calendar year
[SOURCE: ISO 8601-1:2019, 3.1.2.20]
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3.4 Definitions taken from XQuery and XPath Functions and Operators
3.1

3.4.1
XQuery option flag
valid value of the $flags argument of fn:matches, to set options for the interpretation of the regular
expression
[SOURCE: XQuery and XPath Functions and Operators 3.1, 5.6.2]

3.4.2
XQuery regular expression
regular expression syntaxusedby functions asdefined in termsof the regular expression syntax specified
in XML Schema
[SOURCE: XQuery and XPath Functions and Operators 3.1, 5.6.1]

3.4.3
XQuery regular expression parenthesized subexpression
regular expression parenthesized subexpression
[SOURCE: XQuery and XPath Functions and Operators 3.1, 5.6.1.3]

3.4.4
XQuery replacement string
valid value of the $replacement argument of fn:replace
[SOURCE: XQuery and XPath Functions and Operators 3.1, 5.6.4]

3.5 Definitions provided in this document
3.5.1
assignable, adj.
<of data types, taken pairwise> characteristic of a data type T1 that permits a value of T1 to be assigned
to a site of a specified data type T2, where T1 and T2may be the same data type

3.5.2
assignment
operation whose effect is to ensure that the value at a site T (known as the target) is identical to a given
value S (known as the source)
Note 1 to entry: Assignment is frequently indicated by the use of the phrase “T is set to S” or “the value
of T is set to S”.

3.5.3
attribute
component of a structured type (3.5.68)
Note 1 to entry: Each value V in structured type T has exactly one attribute value for each attribute A of
T. The characteristics of an attribute are specified by an attribute descriptor. The value of an attribute
may be retrieved as the result of the invocation A(V) of the observer function (3.5.38) for that attribute.

3.5.4
cardinality
<of a collection> number of elements in that collection
Note 1 to entry: Those elements need not necessarily have distinct values. The objects to which this
concept applies include tables and the values of collection types.
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3.5.5
comparable, adj.
<of a pair of values> capable of being compared
Note 1 to entry: In most, but not all, cases, the values of a data type can be compared one with another.
For the specification of comparability of individual data types, see Subclause 4.3, “Character strings”,
through Subclause 4.12, “Collection types”.

3.5.6
constructor function
niladic (3.5.37) SQL-invoked function (3.5.62) of which exactly one is implicitly specified for every
structured type (3.5.68)
Note 1 to entry: An invocation of the constructor function for data type T returns a value V of the most
specific type of T such that V is not the null value and, for every observer function (3.5.38) O defined for
T, the invocation O(V) returns the default value of the attribute (3.5.3) corresponding to O.

3.5.7
data model
<general> definition of the kinds of data that belong to a particular universe of discourse, including the
operations on those kinds of data

3.5.8
declared type
<of an expression denoting a value or anything that can be referenced to denote a value, such as, for
example, a parameter, column, or variable > unique data type that is common to every value that might
result from evaluation of that expression

3.5.9
distinct, adj.
<of a pair of comparable values> capable of being distinguished within a given context
Note 1 to entry: Informally, two values are distinct if neither is null and the values are not equal. A null
value and a non-null value are distinct. Two null values are not distinct. See Subclause 4.2.5, “Properties
of distinct”, and the General Rules of Subclause 8.15, “<distinct predicate>”.

3.5.10
distinct type
user-defined type (3.5.76) derived from a predefined type or a collection type

3.5.11
duplicates
two or more members of a multiset that are not distinct

3.5.12
dyadic, adj.
<of operators, functions, and procedures> having exactly two operands or parameters
Note 1 to entry: An example of a dyadic operator in this document is “−”, specifying the subtraction of
the right operand from the left operand. An example of a dyadic function is POSITION.

3.5.13
element type
<of a collection type> declared type DT specified in the definition of a collection type CT
Note 1 to entry: The declared type of every element of every value of type CT is DT.

3.5.14
empty row pattern match
row pattern match (3.5.51) that matches no rows

8 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
3.5 Definitions provided in this document

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


3.5.15
external routine
SQL-invoked routine (3.5.64) whose routine body is an external body reference that identifies a program
written in a programming language other than SQL

3.5.16
fixed-length, adj.
characteristic of the declared type of sites whose types are character string types or binary string types
that restricts values in those sites to contain exactly one number of characters or octets, respectively,
known as the length in characters or octets, respectively, of the site

3.5.17
fully qualified, adj.
<of a name of some SQL object> with all optional components specified explicitly
Note 1 to entry: A fully qualified name does not necessarily identify an object uniquely. For example,
although a fully qualified specific name, consisting of a catalog name, a schemaname and a specific name,
uniquely identifies a routine, a fully qualified routine name does not necessarily do so.

3.5.18
identical, adj.
<of a pair of values> indistinguishable, in the sense that it is impossible, by any means specified in this
document, to detect any difference between them
Note 1 to entry: For the full definition, see Subclause 9.10, “Determination of identical values”.

3.5.19
interface
<of an user-defined type (3.5.76)> set comprising every function such that the declared type of at least
one of its parameters or its result is that user-defined type (3.5.76)

3.5.20
JSON array
structure represented by a “[”, zero or more elements separated by “,”, and “]”

3.5.21
JSON Boolean
JSON literal (3.5.24) “true” or JSON literal (3.5.24) “false”

3.5.22
JSON element
JSON text (3.5.30) fragment that is a JSON value (3.5.33) in a JSON array (3.5.20)

3.5.23
JSON data model
implicit data model associated with JSON

3.5.24
JSON literal
JSON text fragment (3.5.31) that is any of the key words “true”, “false”, or “null”

3.5.25
JSONmember
JSON string (3.5.29) followed by a colon followed by a JSON value (3.5.33) in a JSON object (3.5.28)
Note 1 to entry: This is also known as a “name-value pair”; the name is sometimes called a “key” and the
second value is sometimes called a “bound value”.
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3.5.26
JSON null
JSON literal (3.5.24) “null”
Note 1 to entry: A JSON null is distinct from an SQL null value and from an SQL/JSON null.

3.5.27
JSON number
Unicode character string comprising an integer part, optionally followed by a fractional part and/or an
exponent part

3.5.28
JSON object
structure represented by a “{”, zero or more members separated by “,”, and “}”

3.5.29
JSON string
Unicode character string
Note 1 to entry: Some charactersmust be “escaped” by preceding themwith a reverse solidus (“\”),while
any or all characters can be represented in “Unicode notation” comprising the string “\u” followed by
four hexadecimal digits or two such strings representing the UTF-16 surrogate pairs representing char-
acters not on the Basic Multilingual Plane (strings are surrounded by double-quote characters, which
are not part of the value of the strings).
Note 2 to entry: This applies only to JSON tokens (3.5.32) in JSON text (3.5.30).

3.5.30
JSON text
sequence of JSON tokens (3.5.32), which must be encoded in Unicode (UTF-8 by default); insignificant
whitespace may be used anywhere in JSON text (3.5.30) except within strings (where all whitespace is
significant), numbers, and literals

3.5.31
JSON text fragment
substring of a JSON text (3.5.30) that conforms to any BNF non-terminal in RFC 8259

3.5.32
JSON token
one of six structural characters (“{”, “}”, “[”, “]”, “:”, “,”), JSON strings (3.5.29), JSON numbers (3.5.27), and
JSON literals (3.5.24)

3.5.33
JSON value
JSON object (3.5.28), JSON array (3.5.20), JSON number (3.5.27), JSON string (3.5.29), or one of three
JSON literals (3.5.24)

3.5.34
monadic, adj.
<of operators, functions, and procedures> having exactly one operand or parameter
Note 1 to entry: An example of a monadic arithmetic operator in this document is “−”, specifying the
negation of the operand. An example of amonadic function is CHARACTER_LENGTH, specifying the length
in characters of the argument.

3.5.35
most specific type
<of a value> unique data type of which every data type of that value is a supertype
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3.5.36
mutator function
dyadic, type-preserving SQL-invoked function (3.5.62) implicitly defined by the definition of an
attribute (3.5.3) of a structured type (3.5.68) that, when invoked,modifies the value of the attribute (3.5.3)
with which it is associated

3.5.37
niladic, adj.
<of functions and procedures> having no parameters

3.5.38
observer function
monadic SQL-invoked function (3.5.62) associated with an attribute (3.5.3) of a structured type (3.5.68)
that, when invoked, returns the value of the attribute (3.5.3) with which it is associated
Note 1 to entry: The observer function is implicitly defined by the definition of the attribute.

3.5.39
primary row pattern variable
row pattern variable (3.5.58) that appears in a <row pattern>

3.5.40
redundant duplicates
all except one of any collection of duplicate values or rows

3.5.41
REF value
value that references some site

3.5.42
reference type
data type all of whose values are potential references to sites of one specified data type

3.5.43
referenced type
declared type of the values at sites referenced by values of a particular reference type (3.5.42)

3.5.44
result data type
declared type of the result of an SQL-invoked function (3.5.62)

3.5.45
result set
sequence of rows specified by a <cursor specification> that is brought into existence by opening a cursor
and ranged over by that cursor

3.5.46
result set sequence
sequence of returned result sets (3.5.45)

3.5.47
result SQL parameter
SQL parameter (3.5.66), themost specific type (3.5.35) of the value of which determines the
most specific type (3.5.35) of the result of the SQL-invoked function (3.5.62) of which it is a parameter
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3.5.48
returned result set
result set (3.5.45) created during execution of an SQL-invoked procedure (3.5.63) and not destroyedwhen
that execution terminates
Note 1 to entry: Such a result set (3.5.45) can be accessed by using a cursor other than the one that
brought it into existence (a received cursor).

3.5.49
row pattern
formof regular expressions that specifies criteria (patterns) used to identify collections of rows in a table
based on their relationships to one another

3.5.50
row pattern input table
table that is the input operand of a <row pattern recognition clause> or of a <window definition> that
specifies window row pattern recognition

3.5.51
row pattern match
sequence of consecutive rows in a row pattern partition (3.5.57) that collectively meet thematch criteria
of a <row pattern common syntax>

3.5.52
row pattern matching
process of identifying collections of rows in a table based on the patterns specified in rowpatterns (3.5.49)

3.5.53
row pattern measure
named scalar expression defined with respect to the row pattern variables (3.5.58)

3.5.54
row pattern measure column
exported column of the row pattern output table (3.5.56), the value for which is specified by a
row pattern measure (3.5.53)

3.5.55
row pattern measure function
window function whose value is specified by a row pattern measure (3.5.53)

3.5.56
row pattern output table
table that is the result of a <rowpattern recognition clause> applied to its rowpattern input table (3.5.50)

3.5.57
row pattern partition
maximal collection of rows of the row pattern input table (3.5.50) in which all rows have non-distinct
values for a set of one ormore columns, called the rowpattern partitioning columns; or awindowpartition
in a window whose descriptor has window row pattern recognition

3.5.58
row pattern variable
primary row pattern variable (3.5.39) or an union row pattern variable (3.5.74)

3.5.59
savepoint
point within an SQL-transaction, identified by a savepoint name, to which that SQL-transaction may be
restored
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3.5.60
signature
<of an SQL-invoked routine (3.5.64)> name of an SQL-invoked routine (3.5.64), the position and declared
type of each of its SQL parameters (3.5.66), and an indication of whether it is an
SQL-invoked function (3.5.62) or an SQL-invoked procedure (3.5.63)

3.5.61
SQL argument
expression denoting a value to be substituted for an SQL parameter (3.5.66) in an invocation of an
SQL-invoked routine (3.5.64)

3.5.62
SQL-invoked function
function that is allowed to be invoked only from within SQL

3.5.63
SQL-invoked procedure
procedure that is allowed to be invoked only from within SQL

3.5.64
SQL-invoked routine
routine that is allowed to be invoked only from within SQL

3.5.65
SQL/JSON data model
data model created for operating on JSON data within the SQL language

3.5.66
SQL parameter
parameter declared as part of the signature of an SQL-invoked routine (3.5.64)

3.5.67
SQL routine
SQL-invoked routine (3.5.64) whose routine body is written in SQL

3.5.68
structured type
user-defined type (3.5.76) specified as a set of attributes (3.5.3)

3.5.69
subfield
<of a row type> field that is a field of a row type RT or a field of a row type RT2 that is the declared type
of a field that is a subfield of RT

3.5.70
subtype
<of a data type> data type T2 such that every value of T2 is also a value of data type T1
Note 1 to entry: IfT1 andT2 are not compatible, thenT2 is a proper subtype ofT1. “Compatible” is defined
in Subclause 4.2.4, “Data type terminology”. See also supertype (3.5.71).

3.5.71
supertype
<of a data type> data type T1 such that every value of T2 is also a value of data type T1
Note 1 to entry: If T1 and T2 are not compatible, then T1 is a proper supertype of T2. “Compatible” is
defined in Subclause 4.2.4, “Data type terminology”. See also subtype (3.5.70).
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3.5.72
transliteration
method of translating characters in one character set into characters of the same or a different character
set

3.5.73
type-preserving function
SQL-invoked function (3.5.62), one of whose parameters is a result SQL parameter (3.5.66)
Note 1 to entry: Themost specific type (3.5.35) of the value returnedby an invocationof a type-preserving
function is identical to themost specific type (3.5.35) of the SQL argument value substituted for the result
SQL parameter (3.5.66).

3.5.74
union row pattern variable
rowpattern variable (3.5.58) that is defined as a union of primary rowpattern variables (3.5.39) in a <row
pattern subset clause>

3.5.75
universal row pattern variable
implementation-defined union row pattern variable (3.5.74) that is defined implicitly as the union of all
primary row pattern variables (3.5.39)

3.5.76
user-defined type
data type whose interface is user-defined

3.5.77
variable-length, adj.
characteristic of the declared type of sites whose types are character string types or binary string types
that allows values in those sites to contain any number of characters or octets, respectively, between 0
(zero) and some maximum number, known as the maximum length in characters or octets, respectively,
of the site

3.5.78
with-return cursor
cursor that, when opened, creates a result set that is capable of becoming a returned result set
Note 1 to entry: TheWITHRETURNoption of <declare cursor>, <dynamic declare cursor>, and <allocate
extendeddynamic cursor statement> specifies awith-return cursor.WITHRETURNmayalsobe specified
in the content of an<attributes variable> in a<prepare statement>, to indicate that theprepared statement,
when opened as a dynamic cursor, creates a with-return cursor.

14 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
3.5 Definitions provided in this document

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


4 Concepts

This Clause is modified by Clause 4, “Concepts”, in ISO/IEC 9075-3.
This Clause is modified by Clause 4, “Concepts”, in ISO/IEC 9075-4.
This Clause is modified by Clause 4, “Concepts”, in ISO/IEC 9075-9.
This Clause is modified by Clause 4, “Concepts”, in ISO/IEC 9075-10.
This Clause is modified by Clause 4, “Concepts”, in ISO/IEC 9075-11.
This Clause is modified by Clause 4, “Concepts”, in ISO/IEC 9075-13.
This Clause is modified by Clause 4, “Concepts”, in ISO/IEC 9075-14.
This Clause is modified by Clause 4, “Concepts”, in ISO/IEC 9075-15.
This Clause is modified by Clause 4, “Concepts”, in ISO/IEC 9075-16.

4.1 Notations and conventions
This Subclause is modified by Subclause 4.1, “Notations and conventions”, in ISO/IEC 9075-3.
This Subclause is modified by Subclause 4.1, “Notations and conventions”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 4.1, “Notations and conventions”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 4.1, “Notations and conventions”, in ISO/IEC 9075-10.
This Subclause is modified by Subclause 4.1, “Notations and conventions”, in ISO/IEC 9075-11.
This Subclause is modified by Subclause 4.1, “Notations and conventions”, in ISO/IEC 9075-13.
This Subclause is modified by Subclause 4.1, “Notations and conventions”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 4.1, “Notations and conventions”, in ISO/IEC 9075-15.
This Subclause is modified by Subclause 4.1, “Notations and conventions”, in ISO/IEC 9075-16.

4.1.1 Notations

This Subclause is modified by Subclause 4.1.1, “Notations”, in ISO/IEC 9075-3.
This Subclause is modified by Subclause 4.1.1, “Notations”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 4.1.1, “Notations”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 4.1.1, “Notations”, in ISO/IEC 9075-10.
This Subclause is modified by Subclause 4.1.1, “Notations”, in ISO/IEC 9075-11.
This Subclause is modified by Subclause 4.1.1, “Notations”, in ISO/IEC 9075-13.
This Subclause is modified by Subclause 4.1.1, “Notations”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 4.1.1, “Notations”, in ISO/IEC 9075-15.
This Subclause is modified by Subclause 4.1.1, “Notations”, in ISO/IEC 9075-16.

The notations used in this document are defined in ISO/IEC 9075-1.

The syntax defined in this document is available from the ISO website as a “digital artifact”. See
https://standards.iso.org/iso-iec/9075/-2/ed-6/en/ to download digital artifacts for
this document. To download the syntax defined in a plain-text format, select the file named
ISO_IEC_9075-2(E)_Foundation.bnf.txt. To download the syntax defined in an XML format,
select the file named ISO_IEC_9075-2(E)_Foundation.bnf.xml.

4.1.2 Use of terms

This Subclause is modified by Subclause 4.1.2, “Use of terms”, in ISO/IEC 9075-4.

An SQL-statement S1 is said to be executed as a direct result of executing an SQL-statement if S1 is the
SQL-statement contained in an <externally-invoked procedure> or <SQL-invoked routine> that has been
executed.
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04An SQL-statement S1 is said to be executed as a direct result of executing an SQL-statement if S1 is the
value of an <SQL statement variable> referenced by an <execute immediate statement> contained in an
<externally-invoked procedure> that has been executed, or if S1was the value of the <SQL statement
variable> that was associated with an <SQL statement name> by a <prepare statement> and that same
<SQL statement name> is referenced by an <execute statement> contained in an <externally-invoked
procedure> that has been executed.

4.2 Data types
This Subclause is modified by Subclause 4.2, “Data types”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 4.8, “Data types”, in ISO/IEC 9075-13.
This Subclause is modified by Subclause 4.2, “Data types”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 4.2, “Data types”, in ISO/IEC 9075-15.

4.2.1 General introduction to data types

This Subclause is modified by Subclause 4.2.1, “General introduction to data types”, in ISO/IEC 9075-15.

A data type is a set of representable values. Every representable value belongs to at least one data type
and some belong to several data types. The physical representation of a value of a data type is implemen-
tation-dependent (UV060).

Exactly one of the data types of a value V, namely the most specific type of V, is a subtype of every data
type of V. A <value expression> E has exactly one declared type, common to every possible result of
evaluating E. Items that can be referenced by name, such as SQL parameters, columns, fields, attributes,
and variables, also have declared types.

SQL supports three sorts of data types: predefined data types, constructed types, and user-defined types.
Predefined data types are sometimes called “built-in data types”, though not in this document. User-
defined types can be defined by a standard, by an SQL-implementation, or by an application.

15A constructed type is specified using data type constructors. The constructed types and the associated
data type constructors are:

— 15 array type: ARRAY;

— multiset type: MULTISET;

— reference type: REF;

— row type: ROW.

15Array types andmultiset types are known generically as collection types. SQL defines a category of data
types known as collection types. The collection types are:

— array type;

— multiset type.

Every predefineddata type is a subtype of itself and of no other data types. It follows that every predefined
data type is a supertype of itself and of no other data types. The predefined data types are individually
described in each of Subclause 4.3, “Character strings”, through Subclause 4.8, “JSON types”.

Row types, reference types, and collection types are described in Subclause 4.10, “Row types”,
Subclause 4.11, “Reference types”, Subclause 4.12, “Collection types”, respectively.

A user-defined type is either a distinct type or a structured type. User-defined types are described in
Subclause 4.9, “User-defined types”.
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4.2.2 Naming of predefined types

This Subclause is modified by Subclause 4.2.1, “Naming of predefined types”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 4.2.1, “Naming of predefined types”, in ISO/IEC 9075-14.

09 14 SQL defines predefined data types named by the following <key word>s:

CHARACTER

CHARACTER VARYING

CHARACTER LARGE OBJECT

BINARY

BINARY VARYING

BINARY LARGE OBJECT

NUMERIC

DECIMAL

SMALLINT

INTEGER

BIGINT

FLOAT

REAL

DOUBLE PRECISION

DECFLOAT

BOOLEAN

DATE

TIME

TIMESTAMP

INTERVAL

JSON

These names are used in the type designators that constitute the type precedence lists specified in
Subclause 9.7, “Type precedence list determination”. In addition, TABLE is the type designator for the
generic table parameter type, and DESCRIPTOR is the type designator for the descriptor parameter type.

NOTE 1— The generic table parameter type and the descriptor parameter type only occur as parameter types, and only
in the parameter lists of polymorphic table functions; they are not available as types for columns, domains, or parameters
of non-polymorphic table functions.

09 14 For reference purposes:

— Thedata typesCHARACTER,CHARACTERVARYING, andCHARACTERLARGEOBJECTare collectively
referred to as character string types and the values of character string types are known as character
strings.

— The data types BINARY, BINARY VARYING, and BINARY LARGE OBJECT are referred to as binary
string types and the values of binary string types are referred to as binary strings.
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— The data types CHARACTER LARGE OBJECT and BINARY LARGE OBJECT are collectively referred
to as large object string types and the values of large object string types are referred to as large
object strings.

— Character string types and binary string types are collectively referred to as string types and values
of string types are referred to as strings.

— The data types NUMERIC, DECIMAL, SMALLINT, INTEGER, and BIGINT are collectively referred to
as exact numeric types.

— The data types FLOAT, REAL, and DOUBLE PRECISION are collectively referred to as approximate
numeric types.

— The data type DECFLOAT is referred to as the decimal floating-point type.

— Exact numeric types, approximate numeric types, and thedecimal floating-point type are collectively
referred to as numeric types. Values of numeric types are referred to as numbers.

— The data types TIMEWITHOUT TIME ZONE and TIMEWITH TIME ZONE are collectively referred
to as time types (or, for emphasis, as time with or without time zone).

— The data types TIMESTAMPWITHOUT TIME ZONE and TIMESTAMPWITH TIME ZONE are collec-
tively referred to as timestamp types (or, for emphasis, as timestamp with or without time zone).

— The data types DATE, TIME, and TIMESTAMP are collectively referred to as datetime types.

— Values of datetime types are referred to as datetimes.

— Thedata type INTERVAL is referred to as an interval type. Values of interval types are called intervals.

Each data type has an associated data type descriptor; the contents of a data type descriptor are
determined by the specific data type that it describes. A data type descriptor includes an identification
of the data type and all information needed to characterize a value of that data type.

Subclause 6.1, “<data type>”, describes the semantic properties of each data type.

4.2.3 Host language data types

This Subclause is modified by Subclause 4.8.1, “Host language data types”, in ISO/IEC 9075-13.

13Each host language has its own data types, which are separate and distinct from SQL data types, even
though similar names may be used to describe the data types. Mappings of SQL data types to data types
in host languages are described in:

— Subclause 11.60, “<SQL-invoked routine>”

— Subclause 21.1, “<embedded SQL host program>”

Not every SQL data type has a corresponding data type in every host language.

4.2.4 Data type terminology

This Subclause is modified by Subclause 4.2.2, “Data type terminology”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 4.2.2, “Data type terminology”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 4.2.2, “Data type terminology”, in ISO/IEC 9075-15.

The notion of a constituent of a declared type DT is defined recursively as follows:

— DT is a constituent of DT;

— If DT is a row type, then the declared type of each field of DT is a constituent of DT;

— If DT is a collection type, then the element type of DT is a constituent of DT;
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— Every constituent of a constituent of DT is a constituent of DT.

A data type TY is usage-dependent on a user-defined type UDT if and only if exactly one of the following
is true:

— TY is UDT;

— TY is a reference type whose referenced type is UDT;

— TY is a row type, and the declared type of some field of TY is usage-dependent on UDT;

— TY is a collection type, and the declared element type of TY is usage-dependent on UDT.

A structured type ST is directly based on a data type DT if and only if at least one of the following is true:

— DT is the declared type of some attribute of ST;

— DT is a direct supertype of ST;

— DT is a direct subtype of ST;

— DT is compatible with ST.

A collection type CT is directly based on a data type DT if DT is the element type of CT.

A row type RT is directly based on a data type DT if DT is the declared type of some field (or the data type
of the domain of some field) whose descriptor is included in the descriptor of RT.

A data type DT1 is based on a data type DT2 if DT1 is compatible with DT2, DT1 is directly based on DT2,
or DT1 is directly based on some data type that is based on DT2.

Two data types, T1 and T2, are said to be compatible if T1 is assignable to T2, T2 is assignable to T1, and
their descriptors include the same data type name. If they are row types, it shall further be the case that
the declared types of their corresponding fields are pairwise compatible. If they are collection types, it
shall further be the case that their element types are compatible. If they are reference types, it shall further
be the case that their referenced types are compatible.

NOTE 2—The data types “CHARACTER(n) CHARACTER SET CS1” and “CHARACTER(m) CHARACTER SET CS2”, where CS1
≠ CS2, have descriptors that include the same data type name (CHARACTER), but are not mutually assignable; therefore,
they are not compatible.

Ordering and comparison of values of the predefined data types requires knowledge only about those
predefined data types. However, to be able to compare and order values of constructed types or of user-
defined types, additional information is required. We say that some type T is S-ordered, for some set of
types S, if, in order to compare and order values of type T, information about ordering at least one of the
types in S is first required. A definition of S-ordered is required for several S (that is, for several sets of
types), but not for all possible such sets.

The general definition of S-ordered is as follows.

Let T be a type and let S be a set of types. T is S-ordered if and only if exactly one of the following is true:

— T is a member of S;

— T is a row type and the declared type of some field of T is S-ordered;

— T is a collection type and the element type of T is S-ordered;

— T is a structured type whose comparison form is STATE and the declared type of some attribute of
T is S-ordered;

— T is a user-defined type whose comparison form is MAP and the return type of the SQL-invoked
function that is identified by the <map function specification> is S-ordered;
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— T is a reference type with a derived representation and the declared type of some derivational
attribute of the derived representation is S-ordered.

09 14 15The notion of S-ordered is applied in the following definitions:

— A type T is JSON-ordered if T is S-ordered, where S is the set of JSON types.

— A type T is LOB-ordered if T is S-ordered, where S is the set of large object types.

— A type T is array-ordered if T is S-ordered, where S is the union of the set of array types and the set
of distinct types whose source type is an array type.

— A type T ismultiset-ordered if T is S-ordered, where S is the union of the set of multiset types and
the set of distinct types whose source type is a multiset type.

— A type T is row-ordered if T is S-ordered, where S is the set of row types.

— A type T is reference-ordered if T is S-ordered, where S is the set of reference types.

— A type T is DT-EC-ordered if T is S-ordered, where S is the set of distinct types with EQUALS ONLY
comparison form (DT-EC stands for “distinct type-equality comparison”).

— A typeT isDT-FC-ordered ifT is S-ordered,where S is the set of distinct typeswith FULL comparison
form.

— A type T is DT-NC-ordered if T is S-ordered, where S is the set of distinct types with no comparison
form.

— A type T is ST-EC-ordered if T is S-ordered, where S is the set of structured typeswith EQUALS ONLY
comparison form.

— A type T is ST-FC-ordered if T is S-ordered, where S is the set of structured typeswith FULL compar-
ison form.

— A typeT is ST-NC-ordered ifT is S-ordered,where S is the set of structured typeswith no comparison
form.

— A type T is ST-ordered if T is ST-EC-ordered, ST-FC-ordered, or ST-NC-ordered.

— A type T is UDT-EC-ordered if T is either DT-EC-ordered or ST-EC-ordered (UDT stands for “user-
defined type”).

— A type T is UDT-FC-ordered if T is either DT-FC-ordered or ST-FC-ordered

— A type T is UDT-NC-ordered if T is either DT-NC-ordered or ST-NC-ordered.

4.2.5 Properties of distinct

Two comparable values are distinct if they are capable of being distinguished within a given context.

Two null values are not distinct.

A null value and a non-null value are distinct.

Two non-null values are distinct if the General Rules of Subclause 8.15, “<distinct predicate>”, return
True.

The result of evaluating whether or not two comparable values are distinct is never Unknown. The result
of evaluating whether or not two values that are not comparable (for example, values of a user-defined
type that has no comparison type) are distinct is not defined.
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4.3 Character strings
This Subclause is modified by Subclause 4.2, “Character strings”, in ISO/IEC 9075-10.

4.3.1 Introduction to character strings

A character string is a sequence of characters. All the characters in a character string are taken from a
single character set. A character string has a length, which is the number of characters in the sequence.
The length is 0 (zero) or a positive integer.

A character string type is describedby a character string typedescriptor. A character string typedescriptor
contains:

— Thenameof the specific character string type (CHARACTER, CHARACTERVARYING, or CHARACTER
LARGE OBJECT; NATIONAL CHARACTER, NATIONAL CHARACTER VARYING, and NATIONAL
CHARACTER LARGE OBJECT are represented as CHARACTER, CHARACTER VARYING, and CHAR-
ACTER LARGE OBJECT, respectively);

— The length or maximum length in characters of the character string type;

— The catalog name, schema name, and character set name of the character set of the character string
type;

— The catalog name, schema name, and collation name of the collation of the character string type.

A character large object type is a character string type where the name of the specific character string
type is CHARACTER LARGE OBJECT. A value of a character large object type is a large object character
string.

The character set of a character string type may be specified explicitly or implicitly.

The<keyword>sNATIONALCHARACTERareused to specify the character typewith an implementation-
defined (IV099) character set. Special syntax (N'string') is provided for representing literals in that
character set.

With two exceptions, a character string expression is assignable only to sites of a character string type
whose character set is the same. The exceptions are as specified in Subclause 4.3.8, “Universal character
sets”, and suchother cases asmaybe implementation-defined (IA014). If a store assignmentwould result
in the loss of non-<truncating whitespace> characters due to truncation, then an exception condition is
raised. If a retrieval assignment or evaluationof a <cast specification>would result in the loss of characters
due to truncation, then a warning condition is raised.

Character sets fall into three categories: those defined by national or international standards, those
definedbySQL-implementations, and thosedefinedbyapplications. The character sets definedby ISO/IEC
10646:2020 are known as Universal Character Sets (UCS) and their treatment is described in
Subclause4.3.8, “Universal character sets”. Every character set contains the <space> character (equivalent
to U+0020). An application defines a character set by assigning a new name to a character set from one
of the first two categories. They can be defined to “reside” in any schema chosen by the application.
Character sets definedby standards or by SQL-implementations reside in the Information Schema (named
INFORMATION_SCHEMA) in each catalog, as do collations defined by standards and collations, translit-
erations, and transcodings defined by SQL-implementations.

NOTE 3— The Information Schema is defined in ISO/IEC 9075-11.

4.3.2 Comparison of character strings

Two character strings are comparable if and only if either they have the same character set or there exists
at least one collation that is applicable to both their respective character sets (which is possible only if
the character sets share the same repertoire).
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NOTE 4— There are syntactic possibilities in which a comparison operation has two equally worthy collations available
to compare two character string operands. Such syntax is a syntax error, even though the operands could be compared if
one or the other of the two collationswas designated as the collation to use. For example, if T.C1 is a columnwhose collation
is COLLATION1 and T.C2 is a column whose collation is some other collation COLLATION2, then

T.C1 > T.C2

is a syntax error, whereas as

T.C1 > T.C2 COLLATE COLLATION2

is not a syntax error.

A collation is defined by ISO/IEC 14651:2020 as “a process by which two strings are determined to be
in exactly one of the relationships of less than, greater than, or equal to one another”. Each collation
known in an SQL-environment is applicable to one or more character sets, and for each character set,
one or more collations are applicable to it, one of which is associated with it as its character set collation.

Anything that has a declared type can, if that type is a character string type, be associatedwith a collation
applicable to its character set; this is known as a declared type collation. Every declared type that is a
character string type has a collation derivation, this being either none, implicit, or explicit. The collation
derivation of a declared type with a declared type collation that is explicitly or implicitly specified by a
<data type> is implicit. If the collation derivation of a declared type that has a declared type collation is
not implicit, then it is explicit. The collation derivation of an expression of character string type that has
no declared type collation is none.

An operation that explicitly or implicitly involves character string comparison is a character comparison
operation. At least one of the operands of a character comparison operation shall have a declared type
collation.

Theremay be an SQL-session collation for some or all of the character sets known to the SQL-implemen-
tation (see Subclause 4.45, “SQL-sessions”).

The collation used for a particular character comparison is specified by Subclause 9.15, “Collation
determination”.

The comparison of two character string expressions depends on the collation used for the comparison
(see Subclause 9.15, “Collation determination”). When values of unequal length are compared, if the
collation for the comparison has the NO PAD characteristic and the shorter value is equal to some prefix
of the longer value, then the shorter value is considered less than the longer value. If the collation for the
comparison has the PAD SPACE characteristic, for the purposes of the comparison, the shorter value is
effectively extended to the length of the longer by concatenation of <space>s on the right.

For every character set, there is at least one collation.

4.3.3 Operations involving character strings

4.3.3.1 Regular expression syntaxes

This document utilizes two syntaxes for regular expressions, a POSIX-based regular expression syntax
and the XQuery regular expression syntax.

The POSIX-based regular expression syntax is similar to the syntax specified in ISO/IEC/IEEE 9945, but
is normatively defined in the General Rules of Subclause 8.6, “<similar predicate>”.

The XQuery regular expression syntax is normatively defined in XQuery and XPath Functions and Oper-
ators 3.1.

4.3.3.2 Operators that operate on character strings and return character strings

<concatenation operator> is an operator, ||, that returns the character string made by joining its char-
acter string operands in the order given.
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<character substring function> is a triadic function, SUBSTRING, that returns a string extracted from a
given string according to a given numeric starting position and a given numeric length.

<regular expression substring function> is a triadic function, SUBSTRING, distinguished by the keywords
SIMILAR andUESCAPE. It has three parameters: a source character string, a pattern string, and an escape
character. It returns a result string extracted from the source character string by pattern matching using
POSIX-based regular expressions.

— Step 1: The escape character is exactly one character in length. As indicated in Figure 1, “Operation
of <regular expression substring function>”, the escape character precedes two instances of <double
quote> that are used to partition the pattern string into three subpatterns (identified as R1, R2, and
R3).

— Step 2: If the source string S does not satisfy the predicate

'S' SIMILAR TO 'R1' || 'R2' || 'R3'

then the result is the null value.

— Step 3: Otherwise, S is partitioned into two substrings S1 and S23 such that S1 is the shortest initial
substring of S such that the following is true:

'S1' SIMILAR TO 'R1' AND
  'S23' SIMILAR TO '(' || 'R2' || 'R3' || ')'

— Step 4: Next, S23 is partitioned into two substrings S2 and S3 such that S3 is the shortest final sub-
string such that the following is true:

'S2' SIMILAR TO 'R2' AND 'S3' SIMILAR TO 'R3'

The result of the <regular expression substring function> is S2.
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Escape character: \

\"\"Pattern:

R1 R2 R3

R1 R2 R3

Source: S

R2 R3
Satisfies

Does Not
Satisfy Return Null

S1 S23

R2 R3

S3S2

S2The Result

Step 1

Step 2

Step 3

Step 4

R1

R1

R1

Shortest
Match

Shortest
Match

Figure 1—Operation of <regular expression substring function>

<regex substring function> is a function, SUBSTRING_REGEX, that searches a string for anXQuery regular
expression pattern and returns one occurrence of the matching substring.

<regex transliteration> is a function, TRANSLATE_REGEX, that searches a string for an XQuery regular
expression pattern and returns the string with either one or every occurrence of the XQuery regular
expression pattern replaced using an XQuery replacement string.

<character overlay function> is a function, OVERLAY, thatmodifies a string argument by replacing a given
substring of the string,which is specifiedby a givennumeric starting position and a givennumeric length,
with another string (called the replacement string). When the length of the substring is zero, nothing is
removed from the original string and the string returned by the function is the result of inserting the
replacement string into the original string at the starting position.
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<fold> is a pair of functions for converting all the lower-case and title case characters in a given string
to upper-case (UPPER) or all the upper-case and title case characters to lower-case (LOWER). A lower-
case character is a character in the Unicode General Category class “Ll” (lower-case letters). An upper-
case character is a character in the Unicode General Category class “Lu” (upper-case letters). A title case
character is a character in the Unicode General Category class “Lt” (title-case letters).

NOTE 5— Case correspondences are not always one-to-one: the result of case folding is sometimes of a different length in
characters than the source string. For example, U+00DF, “ß”, Latin Small Letter Sharp S, becomes “SS”when folded to upper-
case.

<transcoding> is a function that invokes an installation-supplied transcoding to return a character string
S2 derived from a given character string S1. It is intended, though not enforced by this document, that
S2 be exactly the same sequence of characters as S1, but encoded according to some different character
encoding form. A typical usemight be to convert a character string from two-octet UCS to one-octet Latin1
or vice versa.

<single-character trim function> is a function that returns its first string argument with leading and/or
trailing pad characters removed. The second argument indicates whether leading, or trailing, or both
leading and trailing pad characters shall be removed. The third argument specifies the pad character that
is to be removed.

<multi-character trim function> is a function that returns its first string argument with leading pad
characters, trailing pad characters, or both leading and trailing pad characters removed. The second
argument specifies the pad characters that are to be removed. In contrast to the <single-character trim
function>, this function accepts a sequence of characters as the second argument and will remove all
leading, trailing, or both occurrences of any of these characters, regardless of their ordering.

<pad function> is a function that returns its first string argument padded to the total length of characters
specified by the second argument with the sequence of characters specified by the third argument.

<character transliteration> is a function for changing each character of a given string according to some
many-to-one or one-to-one mapping between two not necessarily distinct character sets. The mapping,
rather thanbeing specifiedas part of the function, is someexternal function identifiedby a<transliteration
name>.

For any pair of character sets, there are zero ormore transliterations thatmay be invoked by a <character
transliteration>. A transliteration is describedby a transliteration descriptor. A transliteration descriptor
includes:

— The name of the transliteration;

— The name of the character set from which it translates;

— The name of the character set to which it translates;

— The specific name of the SQL-invoked routine that performs the transliteration.

4.3.3.3 Other operators involving character strings

<length expression> returns the length of a given character string, as an exact numeric value, in characters
or octets according to the choice of function.

<position expression> determines the first position, if any, at which one string, S1, occurswithin another,
S2. If S1 is of length zero, then it occurs at position 1 (one) for any value of S2. If S1 does not occur in S2,
then zero is returned. The declared type of a <position expression> is exact numeric.

<like predicate> uses the triadic operator LIKE (or the inverse, NOT LIKE), operating on three character
strings and returning a Boolean. LIKE determines whether or not a character string “matches” a given
“pattern” (also a character string). The characters <percent> and <underscore> have special meaning
when they occur in the pattern. The optional third argument is a character string containing exactly one
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character, known as the “escape character”, for use when a <percent>, <underscore>, or the “escape
character” itself is required in the pattern without its special meaning.

<similar predicate> uses the triadic operator SIMILAR (or the inverse, NOT SIMILAR), operating on three
character stringsand returningaBoolean. SIMILARdetermineswhetherornot a character string “matches”
a given “pattern” (also a character string) using a POSIX-based regular expression. The pattern is in the
form of a “regular expression”. In this regular expression, certain characters (<left bracket>, <right
bracket>, <left paren>, <right paren>, <vertical bar>, <circumflex>, <minus sign>, <plus sign>, <asterisk>,
<underscore>, <percent>, <question mark>, <left brace>) have a special meaning. The optional third
argument specifies the “escape character”, for use when one of the special characters or the “escape
character” itself is required in the pattern without its special meaning.

<regex occurrences function> is a function, OCCURRENCES_REGEX, that searches a string for an XQuery
regular expression pattern and returns an integer indicating the count of occurrences of the matched
substring.

<regex position expression> is a function, POSITION_REGEX, that searches a string for an XQuery regular
expression pattern and returns an integer indicating the beginning position, or 1 (one) plus the ending
position, of one occurrence of the matched substring.

<regex like predicate> is a predicate, LIKE_REGEX, that performs XQuery regular expression matching.

4.3.3.4 Operations involving large object character strings

Large object character strings cannot be operated on by all string operations. Large object character
strings can, however, be operated on by the following operations:

— <null predicate>;

— <like predicate>;

— <similar predicate>;

— <position expression>;

— <regex like predicate>;

— <regex position expression>;

— <regex occurrences function>;

— <regex substring function>;

— <regex transliteration>;

— <comparison predicate> with an <equals operator> or <not equals operator>;

— <quantified comparison predicate> with the <equals operator> or <not equals operator>.

As a result of these restrictions, large object character strings cannot be used in (among other places):

— predicates other than those listed above and the <exists predicate>;

— <general set function>;

— <group by clause>;

— <order by clause>;

— <unique constraint definition>;

— <referential constraint definition>;
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— <select list> of a <query specification> that has a <set quantifier> of DISTINCT;

— UNION, INTERSECT, and EXCEPT;

— columns used for matching when forming a <joined table>.

All the operations described within Subclause 4.3.3.2, “Operators that operate on character strings and
return character strings”, and Subclause 4.3.3.3, “Other operators involving character strings”, are sup-
ported for large object character strings.

4.3.4 Character repertoires

An SQL-implementation supports one or more character repertoires. These character repertoires may
be defined by a standard or be implementation-defined (IA015).

A character repertoire is describedby a character repertoire descriptor. A character repertoire descriptor
includes:

— The name of the character repertoire;

— The name of the default collation for the character repertoire.

The following character repertoire names are specified as part of the ISO/IEC 9075 series:

— SQL_CHARACTER is a character repertoire that consists of the<SQL language character>s as specified
in Subclause5.1, “<SQL terminal character>”. Thenameof the default collation is SQL_CHARACTER;

— GRAPHIC_IRV is the character repertoire that consists of the 95-character graphic subset of the
International Reference Version (IRV) as specified in ISO/IEC 646. Its repertoire is a proper
superset of that of SQL_CHARACTER. The name of the default collation is GRAPHIC_IRV;

— LATIN1 is the character repertoire defined in ISO/IEC 8859-1. The name of the default collation is
LATIN1;

— ISO8BIT is the character repertoires formed by combining the character repertoire specified by
ISO/IEC 8859-1 and the “control characters” specified by ISO/IEC 6429. The repertoire consists of
all 255 characters, each consisting of exactly 8 bits, as, including all control characters and all graphic
characters except the character corresponding to the numeric value 0 (zero). The name of the
default collation is ISO8BIT;

— UCS is theUniversal Character Set repertoire specifiedby ISO/IEC10646:2020. It is implementation-
defined (ID007) whether the name of the default collation is UCS_BASIC or UNICODE;

— SQL_TEXT is a character repertoire that is an implementation-defined(IA016) subsetof the repertoire
of the Universal Character Set that includes every <SQL language character> and every character
in every character set supported by the SQL-implementation. The name of the default collation is
SQL_TEXT;

— SQL_IDENTIFIER is an implementation-defined (IA029) character repertoire consistingof the<SQL
language character>s and all other characters that the SQL-implementation supports for use in
<regular identifier>s. The name of the default collation is SQL_IDENTIFIER.

Each character repertoire includes one ormore characters defined to bewhitespace; see Clause 3, “Terms
and definitions”.

NOTE6—Thenormative provisions of this document imposeno requirement that any character repertoire have equivalents
for any of these characters except U+0020 (<space>); however, by reference to this definition ofwhitespace, they do impose
the requirement that every equivalent for one of these is recognized as a whitespace character.

NOTE 7— If and when the set of characters with the Unicode property White_Space is modified to add new characters or
remove characters, those modifications can implemented by SQL-implementations without affecting conformance to this
document.
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4.3.5 Character encoding forms

An SQL-implementation supports one or more character encoding forms for each character repertoire
that it supports. These character encoding forms may be defined by a standard or be implementation-
defined (IA017).

A character encoding form is described by a character encoding form descriptor. A character encoding
form descriptor includes:

— The name of the character encoding form;

— The name of the character repertoire to which it is applicable.

The following character encoding form names are specified as part of the ISO/IEC 9075 series:

— SQL_CHARACTER is an implementation-defined (IV116) character encoding form. It is applicable
to the SQL_CHARACTER character repertoire;

— GRAPHIC_IRV is the character encoding form in which the coded representation of each character
is specified in ISO/IEC 646. It is applicable to the GRAPHIC_IRV character repertoire;

— LATIN1 is the character encoding form specified in ISO/IEC 8859-1. It is applicable to the LATIN1
character repertoire;

— ISO8BIT is the character encoding form specified in ISO/IEC 8859-1, augmented by ISO/IEC 6429.
When restricted to the LATIN1 characters, it is the same character encoding form as LATIN1. It is
applicable to the ISO8BIT character repertoire;

— UTF32 is the character encoding form specified in ISO/IEC 10646:2020, in which each character is
encoded as four octets. It is applicable to the UCS character repertoire;

— UTF16 is the character encoding form specified in ISO/IEC 10646:2020, in which each character is
encoded as two or four octets. It is applicable to the UCS character repertoire;

— UTF8 is the character encoding form specified in ISO/IEC 10646:2020, in which each character is
encoded as from one to four octets. It is applicable to the UCS character repertoire;

— SQL_TEXT is an implementation-defined (IV117) character encoding form. It is applicable to the
SQL_TEXT character repertoire;

— SQL_IDENTIFIER is an implementation-defined (IV118) character encoding form. It is applicable
to the SQL_IDENTIFIER character repertoire.

If an SQL-implementation supplies more than one character encoding form for a particular character
repertoire, then it shall specify a precedence ordering of the character encoding forms of that character
repertoire. The precedence of character encoding forms applicable to the UCS character repertoire and
defined in this document is:

UTF8 ≺ UTF16 ≺ UTF32

4.3.6 Collations

An SQL-implementation supports one or more collations for each character repertoire that it supports,
and one or more collations for each character set that it supports. A collation is described by a collation
descriptor. A collation descriptor includes:

— The name of the collation;

— The name of the character repertoire to which it is applicable;

— A list of the names of the character sets to which the collation can be applied;
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— Whether the collation has the NO PAD or the PAD SPACE characteristic.

The following supported collation names are specified as part of the ISO/IEC 9075 series:

— SQL_CHARACTER is an implementation-defined (IA003) collation. It is applicable to the
SQL_CHARACTER character repertoire;

— GRAPHIC_IRV is a collation inwhich the ordering is determined by treating the code points defined
by ISO/IEC 646 as unsigned integers. It is applicable to the GRAPHIC_IRV character repertoire;

— LATIN1 is a collation in which the ordering is determined by treating the code points defined by
ISO/IEC 8859-1 as unsigned integers. It is applicable to the LATIN1 character repertoire;

— ISO8BIT is a collation in which the ordering is determined by treating the code points defined by
ISO/IEC 8859-1 as unsigned integers. When restricted to the LATIN1 characters, it produces the
same collation as LATIN1. It is applicable to the ISO8BIT character repertoire;

— UCS_BASIC is a collation in which the ordering is determined entirely by the Unicode scalar values
of the characters in the strings being sorted. It is applicable to the UCS character repertoire. Since
every character repertoire is a subset of the UCS repertoire, the UCS_BASIC collation is potentially
applicable to every character set;

NOTE 8— The Unicode scalar value of a character is its code point treated as an unsigned integer.

— UNICODE is the collation that conforms to ISO/IEC 14651:2020 without delta. It is applicable to
the UCS character repertoire. Since every character repertoire is a subset of the UCS repertoire, the
UNICODE collation is potentially applicable to every character set;

— SQL_TEXT is an implementation-defined (IA003) collation. It is applicable to the SQL_TEXTcharacter
repertoire;

— SQL_IDENTIFIER is an implementation-defined (IA003) collation. It is applicable to the SQL_IDEN-
TIFIER character repertoire.

The collations, including standard defined collations, supported by the SQL-implementation are imple-
mentation-defined (IA003).

4.3.7 Character sets

An SQL <character set specification> allows a reference to a character set name defined by a standard,
an SQL-implementation, or a user.

A character set is described by a character set descriptor. A character set descriptor includes:

— The name of the character set;

— The name of the character repertoire for the character set;

— The name of the character encoding form for the character set;

— The name of the default collation for the character set.

The following SQL supported character set names, many of which are further described in Table 1,
“Overview of character sets”, are specified as part of the ISO/IEC 9075 series:

— SQL_CHARACTER is a character set whose repertoire is SQL_CHARACTER and whose character
encoding form is SQL_CHARACTER. The name of its default collation is SQL_CHARACTER;

— GRAPHIC_IRV is a character set whose repertoire is GRAPHIC_IRV and whose character encoding
form is GRAPHIC_IRV. The name of its default collation is GRAPHIC_IRV;

— ASCII_GRAPHIC is a synonym for GRAPHIC_IRV;
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— LATIN1 is a character setwhose repertoire is LATIN1andwhose character encoding form is LATIN1.
The name of its default collation is LATIN1;

— ISO8BIT is a character set whose repertoire is ISO8BIT and whose character encoding form is
ISO8BIT. The name of its default collation is ISO8BIT;

— ASCII_FULL is a synonym for ISO8BIT;

— UTF32 is a character set whose repertoire is UCS and whose character encoding form is UTF32. It
is implementation-defined (ID011) whether the name of its default collation is UCS_BASIC or UNI-
CODE;

— UTF16 is a character set whose repertoire is UCS and whose character encoding form is UTF16. It
is implementation-defined (ID012) whether the name of its default collation is UCS_BASIC or UNI-
CODE;

— UTF8 is a character set whose repertoire is UCS and whose character encoding form is UTF8. It is
implementation-defined(ID013)whether thenameof its default collation isUCS_BASICorUNICODE;

— SQL_TEXT is a character set whose repertoire is SQL_TEXT and whose character encoding form is
SQL_TEXT. The name of its default collation is SQL_TEXT;

— SQL_IDENTIFIER is a character set whose repertoire is SQL_IDENTIFIER and whose character
encoding form is SQL_IDENTIFIER. The name of its default collation is SQL_IDENTIFIER;

The result of evaluating a character string expression whose most specific type has character set
CS is constrained to consist of characters drawn from the character repertoire of CS.

Table 1— Overview of character sets

SynonymCollationCharacter
Encoding Form

Character
Repertoire

Character Set

ASCII_GRAPHICGRAPHIC_IRVGRAPHIC_IRVGRAPHIC_IRVGRAPHIC_IRV

ASCII_FULLISO8BITISO8BITISO8BITISO8BIT

LATIN1LATIN1LATIN1LATIN1

SQL_CHARAC-
TER

SQL_CHARAC-
TER

SQL_CHARAC-
TER

SQL_CHARAC-
TER

SQL_TEXTSQL_TEXTSQL_TEXTSQL_TEXT

SQL_IDENTI-
FIER

SQL_IDENTI-
FIER

SQL_IDENTI-
FIER

SQL_IDENTI-
FIER

UCS_BASIC or
UNICODE

UTF16UCSUTF16

UCS_BASIC or
UNICODE

UTF32UCSUTF32

UCS_BASIC or
UNICODE

UTF8UCSUTF8

NOTE 9— The provision of additional character sets and/or additional character encoding forms and collations for char-
acter sets defined in this document has no effect on conformance of SQL-implementations.
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4.3.8 Universal character sets

A UCS string is a character string whose character repertoire is UCS and whose character encoding form
is one of UTF8, UTF16, or UTF32. Any two UCS strings are comparable.

An SQL-implementation may assume that all UCS strings are normalized in one of Normalization Form
C (NFC),NormalizationFormD(NFD),NormalizationFormKC (NFKC), orNormalizationFormKD(NFKD),
as specified by ISO/IEC 10646:2020. <normalized predicate> may be used to verify the normalization
form to which a particular UCS string conforms. Applications may also use <normalize function> to
enforce a particular <normal form>. With the exception of <normalize function> and <normalized pre-
dicate>, the result of any operation on an unnormalized UCS string is implementation-defined (IV100).

Conversion of UCS strings from one character set to another is automatic.

Detection of a noncharacter code point in a UCS-string causes an exception condition to be raised. The
detection of an unassigned code point does not.

4.4 Binary strings

4.4.1 Introduction to binary strings

A binary string is a sequence of octets that does not have either a character set or collation associated
with it.

Abinary string type is describedbyabinary string typedescriptor. Abinary string typedescriptor contains:

— The name of the data type (BINARY, BINARY VARYING, or BINARY LARGE OBJECT);

— The length or maximum length in octets of the binary string type.

A binary string is assignable only to sites of binary string type. If a store assignment would result in the
loss of non-zero octets due to truncation, then an exception condition is raised. If a retrieval assignment
would result in the loss of octets due to truncation, then a warning condition is raised.

4.4.2 Binary string comparison

All binary string values are comparable. When binary large object string values are compared, they shall
have exactly the same length (in octets) to be considered equal. Binary large object string values can be
compared only for equality.

For binary string values other than binary large object string values, it is implementation-defined (IA022)
whether trailing X'00's are considered significant when comparing two binary string values that are
otherwise equivalent.

4.4.3 Operations involving binary strings

4.4.3.1 Operators that operate on binary strings and return binary strings

<binary concatenation> is anoperator,||, that returns a binary stringby joining its binary string operands
in the order given.

<binary substring function> is a triadic function identical in syntax and semantics to <character substring
function> except that its arguments and the returned value are all binary strings.

<binary overlay function> is a function identical in syntax and semantics to <character overlay function>
except that the first argument, second argument, and returned value are all binary strings.

<binary trim function> is a function identical in syntax and semantics to <single-character trim function>
except that its arguments and the returned value are all binary strings.
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4.4.3.2 Other operators involving binary strings

<length expression> returns the length of a given binary string, as an exact numeric value, in octets.

<position expression> when applied to binary strings is identical in syntax and semantics to the corres-
ponding operation on character strings except that the operands are binary strings.

<like predicate>when applied to binary strings is identical in syntax and semantics to the corresponding
operation on character strings except that the operands are binary strings.

Binary large object strings cannot be used in:

— Predicates other than<comparisonpredicate>with an<equals operator>or a<not equals operator>,
<quantified comparison predicate> with an <equals operator> or a <not equals operator>, and
<exists predicate>;

— <general set function>;

— <group by clause>;

— <order by clause>;

— <unique constraint definition>;

— <referential constraint definition>;

— <select list> of a <query specification> that has a <set quantifier> of DISTINCT;

— UNION, INTERSECT, and EXCEPT;

— Columns used for matching when forming a <joined table>.

4.5 Numbers
This Subclause is modified by Subclause 4.3, “Numbers”, in ISO/IEC 9075-15.

4.5.1 Introduction to numbers

A number is either an exact numeric value, an approximate numeric value, or a decimal floating-point
value. Any two numbers are comparable.

A numeric type is described by a numeric type descriptor. A numeric type descriptor contains:

— The name of the specific numeric type (NUMERIC, DECIMAL, SMALLINT, INTEGER, BIGINT, FLOAT,
REAL, DOUBLE PRECISION, or DECFLOAT);

— The implemented precision of the numeric type;

— For an exact numeric type, the implemented scale of the numeric type;

— An indication of whether the precision (and scale) are expressed in decimal or binary terms;

— The name by which the numeric type was declared (but the corresponding full name if INT or DEC
was specified);

— The explicit declared precision, if any, of the numeric type;

— For an exact numeric type, the explicit declared scale, if any, of the numeric type.

If <precision> or <scale> is not specified explicitly, then the corresponding element of the descriptor
effectively contains the null value.
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An SQL-implementation is permitted to regard certain <exact numeric type>s as equivalent, if they have
the same precision, scale, and radix, as permitted by the Syntax Rules of Subclause 6.1, “<data type>”.
When two or more <exact numeric type>s are equivalent, the SQL-implementation chooses one of these
equivalent <exact numeric type>s as the normal form representing that equivalence class of <exact
numeric type>s. The normal form determines the name of the exact numeric type in the numeric type
descriptor.

Similarly, an SQL-implementation is permitted to regard certain <approximate numeric type>s as equi-
valent, as permitted by the Syntax Rules of Subclause 6.1, “<data type>”, in which case the SQL-imple-
mentation chooses a normal form to represent each equivalence class of <approximate numeric type>
and the normal form determines the name of the approximate numeric type.

For every numeric type, the least value is less than zero and the greatest value is greater than zero.

4.5.2 Characteristics of numbers

An exact numeric type has a precision P and a scale S. P is a positive integer that determines the number
of significant digits in a particular radix R, where R is either 2 or 10. S is a non-negative integer. Every
value of an exact numeric type of scale S is of the form n × 10−S, where n is an integer such that −RP ≤ n
< RP.

NOTE 10— Not every value in that range is necessarily a value of the type in question.

An exact numeric value consists of either one or more decimal digits followed by an optional decimal
point and zero or more decimal digits or a decimal point followed by one or more decimal digits.

Approximate numeric and decimal floating-point values consist of a mantissa and an exponent. The
mantissa is a signed numeric value, and the exponent is a signed integer that specifies the magnitude of
the mantissa. Approximate numeric and decimal floating-point values have a precision. The precision of
approximate numeric values is a positive integer that specifies the number of significant binary digits in
themantissa. Theprecisionof decimal floating-point values is a positive integer that specifies thenumber
of significant decimal digits in the mantissa. The value of an approximate numeric or decimal floating-
point type is the mantissa multiplied by a factor determined by the exponent.

An <exact numeric literal> ENL consists of either an <unsigned integer>, a <period> followed by an
<unsigned decimal integer>, or an <unsigned decimal integer> followed by a <period> and an optional
<unsigned decimal integer>. The declared type of ENL is an exact numeric type.

An <approximate numeric literal> ANL consists of a <mantissa> that is an <exact numeric literal>, the
letter 'E' or 'e', and an<exponent> that is a <signeddecimal integer>. It is implementation-defined (IV119)
whether the declared type of ANL is an approximate numeric type or the decimal floating-point type. If
M is the value of the <mantissa> and E is the value of the <exponent>, thenM * 10E is the apparent value
of ANL. If the declared type of ANL is an approximate numeric type, then the actual value of ANL is
approximately the apparent value of ANL, according to implementation-defined (IA065) rules. If the
declared type of ANL is the decimal floating-point type, the actual value of ANL is either exactly or
approximately the apparent value of ANL, according to implementation-defined (IA065) rules.

A number is assignable only to sites of numeric type. If an assignment of some number would result in
a loss of its most significant digit, an exception condition is raised. If least significant digits are lost,
implementation-defined (IA195) rounding or truncating occurs,with no exception conditionbeing raised.
The rules for arithmetic are specified in Subclause 6.30, “<numeric value expression>”.

Whenever a numeric value is assigned to an exact numeric value site, an approximation of its value that
preserves leading significant digits after rounding or truncating is represented in the declared type of
the target. The value is converted to have the precision and scale of the target. The choice of whether to
truncate or round is implementation-defined (IA195).
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An approximation obtained by truncation of a numeric value N for an exact numeric type T is a value V
in T such that N is not closer to zero than V and there is no value in T between V and N.

An approximation obtained by rounding of a numeric value N for an exact numeric type T is a value V in
T such that the absolute value of the difference betweenN and the numeric value of V is not greater than
half the absolute value of the difference between two successive numeric values in T. If there is more
than one such value V, then it is implementation-defined (IA192) which one is taken.

All numeric values between the smallest and the largest value, inclusive, in a given exact numeric type
have an approximation obtained by rounding or truncation for that type; it is implementation-defined
(IA196) which other numeric values have such approximations.

An approximation obtained by truncation or rounding of a numeric value N for an approximate numeric
typeT or the decimal floating-point typeT is a valueV inT such that there is no numeric value inTdistinct
from that of V that lies between the numeric value of V and N, inclusive. If there is more than one such
value V then it is implementation-defined (IA192) which one is taken. It is implementation-defined
(IA193) which numeric values have approximations obtained by rounding or truncation for a given
approximate numeric type or a given decimal floating-point type.

Whenever a numeric value is assigned to an approximate numeric value site or a decimal floating-point
value site, an approximation of its value is represented in the declared type of the target. The value is
converted to have the precision of the target.

Operationsonnumbers areperformedaccording to thenormal rules of arithmetic,within implementation-
defined (IA194) limits, except as provided for in Subclause 6.30, “<numeric value expression>”.

4.5.3 Operations involving numbers

This Subclause is modified by Subclause 4.3.1, “Operations involving numbers”, in ISO/IEC 9075-15.

15Aswell as the usual arithmetic operators, plus,minus, times, divide, unary plus, and unaryminus, there
are the following functions that return numbers:

— <position expression> (see Subclause 4.3.3, “Operations involving character strings”, and
Subclause 4.4.3, “Operations involving binary strings”) takes two strings as arguments and returns
an integer;

— <length expression> (see Subclause 4.3.3, “Operations involving character strings”, and
Subclause 4.4.3, “Operations involving binary strings”) operates on a string argument and returns
an integer;

— <extract expression> (see Subclause 4.7.4, “Operations involving datetimes and intervals”) operates
on a datetime or interval argument and returns an exact numeric;

— <cardinality expression> (see Subclause 4.12.5, “Operations involving arrays”, and Subclause 4.12.6,
“Operations involving multisets”) operates on a collection argument and returns an integer;

— <max cardinality expression> (see Subclause 4.12.5, “Operations involving arrays”) operates on an
array argument and returns an integer;

— <absolute value expression> operates on a numeric argument and returns its absolute value in the
same most specific type;

— <modulus expression> operates on two exact numeric arguments with scale 0 (zero) and returns
themodulus (remainder) of the first argument divided by the second argument as an exact numeric
with scale 0 (zero);

— <trigonometric function> computes one of sine, cosine, tangent, hyperbolic sine, hyperbolic cosine,
hyperbolic tangent, inverse sine, inverse cosine, and inverse tangent of its argument;
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— <general logarithm function> operates on two numeric arguments. The first argument specifies the
base with which to compute the logarithm of its second argument;

— <common logarithm> computes the logarithm with base 10 of its argument;

— <natural logarithm> computes the natural logarithm of its argument;

— <exponential function> computes the exponential function, that is, e, (the base of natural logarithms)
raised to the power equal to its argument;

— <power function> raises its first argument to the power of its second argument;

— <square root> computes the square root of its argument;

— <floor function> computes the greatest integer less than or equal to its argument;

— <ceiling function> computes the least integer greater than or equal to its argument;

— <width bucket function> is a function of four arguments, returning an integer between 0 (zero) and
the value of the final argument plus 1 (one), by assigning the first argument to an equi-width parti-
tioning of the range of numbers between the second and third arguments. Values outside the range
between the second and third arguments are assigned to either 0 (zero) or the value of the final
argument plus 1 (one);

NOTE 11— The semantics of <width bucket function> are illustrated in Figure 2, “Illustration of WIDTH_BUCKET
Semantics”.

1 2 3 4 WBC5

WBB1 WBB2

. . .

WBO

width_bucket(WBO,WBB1,WBB2,WBC)

WBC + 10

Figure 2— Illustration of WIDTH_BUCKET Semantics

4.6 Boolean types

4.6.1 Introduction to Boolean types

The Boolean data type comprises the distinct truth values True and False. Unless prohibited by a NOT
NULL constraint, the Boolean data type also supports the truth value Unknown as the null value. This
specification does not make a distinction between the null value of the Boolean data type and the truth
valueUnknown that is the result of an SQL<predicate>, <search condition>, or <booleanvalue expression>;
they may be used interchangeably to mean exactly the same thing.

TheBooleandata type is describedby theBooleandata type descriptor. TheBooleandata type descriptor
contains:

— The name of the Boolean data type (BOOLEAN).
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4.6.2 Comparison and assignment of Booleans

All Boolean values and SQL truth values are comparable and all are assignable to a site of type Boolean.
The valueTrue is greater than the valueFalse, and any comparison involving the null value or anUnknown
truth value will return an Unknown result. The values True and Falsemay be assigned to any site having
a Boolean data type; assignment of Unknown, or the null value, is subject to the nullability characteristic
of the target.

4.6.3 Operations involving Booleans

4.6.3.1 Operations on Booleans that return Booleans

ThemonadicBooleanoperatorNOTand thedyadicBooleanoperatorsANDandOR takeBooleanoperands
and produce a Boolean result (see Table 15, “Truth table for the AND Boolean operator”, and Table 16,
“Truth table for the OR Boolean operator”).

4.6.3.2 Other operators involving Booleans

Every SQL <predicate>, <search condition>, and <boolean value expression> may be considered as an
operator that returns a Boolean result.

4.7 Datetimes and intervals

4.7.1 Introduction to datetimes and intervals

A datetime data type is described by a datetime data type descriptor. An interval data type is described
by an interval data type descriptor.

A datetime data type descriptor contains:

— The name of the specific datetime data type (DATE, TIMEWITHOUT TIME ZONE, TIMESTAMP
WITHOUT TIME ZONE, TIMEWITH TIME ZONE, or TIMESTAMPWITH TIME ZONE);

— The value of the <time fractional seconds precision>, if it is a TIMEWITHOUT TIME ZONE,
TIMESTAMPWITHOUT TIME ZONE, TIMEWITH TIME ZONE, or TIMESTAMPWITH TIME ZONE
type.

An interval data type descriptor contains:

— The name of the interval data type (INTERVAL);

— An indication of whether the interval data type is a year-month interval or a day-time interval;

— The <interval qualifier> that describes the precision of the interval data type.

Values of interval data types are always signed.

Every datetime or interval data type has an implied length in positions. Let D denote a value in some
datetimeor interval data typeDT. The length in positions ofDT is constant for allD. The length in positions
is the number of characters from the character set SQL_TEXT that it would take to represent any value
in a given datetime or interval data type.

An approximation obtained by rounding of a datetime or interval value D for a datetime type or interval
type T is a value V in T such that the absolute value of the difference between D and the numeric value
of V is not greater than half the absolute value of the difference between two successive datetime or
interval values in T. If there is more than one such value V, then it is implementation-defined (IA197)
which one is taken.

NOTE12—Nohost language forwhichabinding is specified in this documenthas adata type corresponding to thedatetime
and interval data types specified by this document. Whenever an application written in one of those languages must
transfer values of those data types from the SQL-implementation to the host language program, those values must be
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transformed to values of some data type for which the host language has a corresponding data type. Typically, the rules of
<cast specification>are used to transformvalues of thosedata types to values of some character string type. Similar solutions
are required when transferring such values from a host program into the SQL-implementation.

4.7.2 Datetimes

Table 2, “Fields in datetime values”, specifies the fields that can make up a datetime value; a datetime
value is made up of a subset of those fields. Not all of the fields shown are required to be in the subset,
but every field that appears in the table between the first included <primary datetime field> and the last
included <primary datetime field> shall also be included. If either <time zone field> is in the subset, then
both of them shall be included.

Table 2— Fields in datetime values

MeaningKeyword

Calendar yearYEAR

Calendar monthMONTH

Calendar dayDAY

Clock hourHOUR

Clock minuteMINUTE

Clock second, possibly possibly including a decimal fractionSECOND

Hour value of time zone displacementTIMEZONE_HOUR

Minute value of time zone displacementTIMEZONE_MINUTE

There is an ordering of the significance of <primary datetime field>s. This is, frommost significant to
least significant: YEAR, MONTH, DAY, HOUR, MINUTE, and SECOND.

The <primary datetime field>s other than SECOND contain non-negative integer values, constrained by
the rules for dates using the Gregorian calendar, as defined in ISO 8601-1:2019. SECOND, however, can
be defined to have a <time fractional seconds precision> that indicates the number of decimal digits
maintained following the decimal point in the seconds value, a non-negative exact numeric value.

There are three classes of datetime data types defined within this document:

— DATE— contains the <primary datetime field>s YEAR, MONTH, and DAY;

— TIME— contains the <primary datetime field>s HOUR, MINUTE, and SECOND;

— TIMESTAMP— contains the <primary datetime field>s YEAR, MONTH, DAY, HOUR, MINUTE, and
SECOND.

Items of type datetime are comparable only if they have the same <primary datetime field>s.

A datetime data type that specifiesWITH TIME ZONE is a data type that is datetime with time zone, while
a datetime data type that specifies WITHOUT TIME ZONE is a data type that is datetime without time
zone.

The surface of the earth is divided into zones, called time zones, in which every correct clock tells the
same time, known as local time. Local time is equal to UTC (Coordinated Universal Time) plus the time
zone displacement. A time zone displacement is effectively a positive or negative HOUR TO MINUTE
interval value. Theminimumpermittednegative time zonedisplacement is implementation-defined(IL061),

© ISO/IEC 2023 – All rights reserved 37

ISO/IEC 9075-2:2023(E)
4.7 Datetimes and intervals

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


but shall not be greater than the <interval literal> INTERVAL '−12:00' HOUR TOMINUTE. Themaximum
permitted positive time zone displacement is implementation-defined (IL062), but shall not be less than
the <interval literal> INTERVAL '+14:00' HOUR TO MINUTE. The time zone displacement is constant
throughout a time zone, and may change at the beginning and end of daylight saving time, where
applicable.

A datetime value, of data type TIMEWITHOUT TIME ZONE or TIMESTAMPWITHOUT TIME ZONE, may
represent a local time, whereas a datetime value of data type TIMEWITH TIME ZONE or TIMESTAMP
WITH TIME ZONE represents UTC.

On occasion, UTC is adjusted by the omission of a second or the insertion of a “leap second” in order to
maintain synchronization with sidereal time. This implies that sometimes, but very rarely, a particular
minutewill contain exactly 59, 61, or 62 seconds.Whether an SQL-implementation supports leap seconds,
and the consequencesof such support for date and interval arithmetic, is implementation-defined (IA198).

For the convenience of users, whenever a datetime value with time zone is to be implicitly derived from
one without (for example, in a simple assignment operation), SQL assumes the value without time zone
to be local, subtracts the current default time zone displacement of the SQL-session from it to give UTC,
and associates that time zone displacement with the result.

Conversely, whenever a datetime value without time zone is to be implicitly derived from one with, SQL
assumes the value with time zone to be UTC, adds the time zone displacement to it to give local time, and
the result, without any time zone displacement, is local.

Theprecedingprinciples, as implementedby<cast specification>, result in data type conversionsbetween
the various datetime data types, as summarized in Table 3, “Datetime data type conversions”.

Table 3—Datetime data type conversions

to
TIMESTAMP
WITH TIME
ZONE

to
TIMESTAMP
WITHOUT
TIME ZONE

toTIMEWITH
TIME ZONE

to TIME
WITHOUT
ZONE

to DATE

SV ⇒ TSw/oTZ
⇒ TSw/TZ

Copy year,
month, and
day; set hour,
minute, and
second to 0
(zero)

not supportednot supportedtrivialfrom DATE

SV ⇒ TSw/oTZ
⇒ TSw/TZ

Copy date
fields from
CUR-
RENT_DATE
and time fields
from SV

TV.UTC = SV −
STZD (modulo
24); TV.TZ =
STZD

trivialnot supportedfrom TIME
WITHOUT
TIME ZONE

Copy date
fields from
CUR-
RENT_DATE
and time and
time zone
fields from SV

SV ⇒ TSw/TZ
⇒ TSwo/TZ

trivialSV.UTC+ SV.TZ
(modulo 24)

not supportedfrom TIME
WITH TIME
ZONE
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to
TIMESTAMP
WITH TIME
ZONE

to
TIMESTAMP
WITHOUT
TIME ZONE

toTIMEWITH
TIME ZONE

to TIME
WITHOUT
ZONE

to DATE

TV.UTC = SV −
STZD; TV.TZ =
STZD

trivialSV ⇒ TSw/TZ
⇒ TIMEw/TZ

Copy time
fields from SV

Copy date
fields from SV

from
TIMESTAMP
WITHOUT
TIME ZONE

trivialSV.UTC+ SV.TZCopy time and
time zone
fields from SV

SV ⇒ TSw/oTZ
⇒ TIMEw/oTZ

SV ⇒ TSw/oTZ
⇒ DATE

from
TIMESTAMP
WITH TIME
ZONE

SV: the source value

TV: the target value

UTC: the UTC component of SV or TV (if and only if the source or target has time zone)

TZ: the time zone displacement of SV or TV (if and only if the source or target has time zone)

STZD: the SQL-session default time zone displacement

⇒: cast from the type preceding the arrow to the type following the arrow, “TIMEw/TZ” is “TIMEWITH TIME ZONE”,
“TIMEw/oTZ” is “TIMEWITHOUT TIME ZONE”, “TSw/TZ” is “TIMESTAMPWITH TIME ZONE”, and “TSw/oTZ” is
“TIMESTAMPWITHOUT TIME ZONE”

A datetime is assignable to a site only if the source and target of the assignment are both of type DATE,
or both of type TIME (regardless whether WITH TIME ZONE or WITHOUT TIME ZONE is specified or
implicit), or both of type TIMESTAMP (regardless whether WITH TIME ZONE or WITHOUT TIME ZONE
is specified or implicit).

When a timestamp value is called for as part of a descriptor or context definition in this Clause (for
example, “the creation timestamp” in a descriptor), and no additional information as to the specific type
or precision is supplied, an implementation-defined (IV246) timestamp type is implicit.

4.7.3 Intervals
NOTE 13— The term “interval” used in this document corresponds to the term “duration” defined in ISO 8601-1:2019.

There are twoclassesof intervals. One class, called year-month intervals, has anexpressor implieddatetime
precision that includes no fields other than YEAR and MONTH, though not both are required. The other
class, called day-time intervals, has an express or implied interval precision that can include any fields
other than YEAR or MONTH.

Table 4, “Fields in year-month INTERVAL values”, specifies the fields thatmake up a year-month interval.
A year-month interval is made up of a contiguous subset of those fields.

Table 4— Fields in year-month INTERVAL values

MeaningKeyword

YearsYEAR

MonthsMONTH
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Table 5, “Fields in day-time INTERVAL values”, specifies the fields that make up a day-time interval. A
day-time interval is made up of a contiguous subset of those fields.

Table 5— Fields in day-time INTERVAL values

MeaningKeyword

DaysDAY

HoursHOUR

MinutesMINUTE

Seconds and possibly fractions of a secondSECOND

The actual subset of fields that comprise a value of either type of interval is defined by an <interval
qualifier> and this subset is known as the precision of the value.

Within a value of type interval, the first field is constrained only by the <interval leading field precision>
of the associated <interval qualifier>. Table 6, “Valid values for fields in INTERVAL values”, specifies the
constraints on subsequent field values.

Table 6— Valid values for fields in INTERVAL values

Valid values of INTERVAL fieldsKeyword

Unconstrained except by <interval leading field precision>YEAR

Months (within years) (0-11)MONTH

Unconstrained except by <interval leading field precision>DAY

Hours (within days) (0-23)HOUR

Minutes (within hours) (0-59)MINUTE

Seconds (within minutes) (0-59.999...)SECOND

Values in interval fields other than SECOND are integers and have precision 2 when not the first field.
SECOND, however, can be defined to have an <interval fractional seconds precision> that indicates the
number of decimal digitsmaintained following the decimal point in the seconds value.When not the first
field, SECOND has a precision of 2 places before the decimal point.

Fields comprising an itemof type interval are also constrainedby thedefinitionof theGregorian calendar.

Year-month intervals are comparable only with other year-month intervals. If two year-month intervals
have different interval precisions, they are, for the purpose of any operations between them, effectively
converted to the sameprecisionbyappendingnew<primarydatetimefield>s to either themost significant
end of one interval, the least significant end of one interval, or both. New least significant <primary dat-
etime field>s are assigned a value of 0 (zero). When it is necessary to add newmost significant datetime
fields, the associated value is effectively converted to the new precision in a manner obeying the natural
rules for dates and times associated with the Gregorian calendar.

Day-time intervals are comparable only with other day-time intervals. If two day-time intervals have
different interval precisions, they are, for the purpose of any operations between them, effectively con-
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verted to the same precision by appending new <primary datetime field>s to either the most significant
end of one interval or the least significant end of one interval, or both. New least significant <primary
datetimefield>s are assigneda value of 0 (zero).When it is necessary to addnewmost significant datetime
fields, the associated value is effectively converted to the new precision in a manner obeying the rules
for dates and times associated with the Gregorian calendar.

4.7.4 Operations involving datetimes and intervals

Table 7, “Valid operators involving datetimes and intervals”, specifies the declared types of arithmetic
expressions involving datetime and interval operands.

Table 7— Valid operators involving datetimes and intervals

Result TypeOperand 2OperatorOperand 1

IntervalDatetime−Datetime

DatetimeInterval+ or −Datetime

DatetimeDatetime+Interval

IntervalInterval+ or −Interval

IntervalNumeric* or /Interval

IntervalInterval*Numeric

Arithmetic operations involving values of type datetime or interval obey the rules associated with dates
and times and yield valid datetime or interval results according to the Gregorian calendar.

Operations involving values of type datetime require that the datetime values be comparable. Operations
involving values of type interval require that the interval values be comparable.

Operations involving a datetime and an interval preserve the time zone of the datetime operand. If the
datetime operand does not include a time zone displacement, then the result has no time zone displace-
ment.

<overlaps predicate> uses the operator OVERLAPS to determine whether or not two chronological
periods overlap in time. A chronological period is specified either as a pair of datetimes (starting and
ending) or as a starting datetime and an interval. If the length of the period is greater than 0 (zero), then
the period consists of all points of time greater than or equal to the lower endpoint, and less than the
upper endpoint. If the length of the period is equal to 0 (zero), then the period consists of a single point
in time, the lower endpoint. Two periods overlap if they have at least one point in common.

<extract expression> operates on a datetime or interval and returns an exact numeric value representing
the value of one component of the datetime or interval.

<interval absolute value function> operates on an interval argument and returns its absolute value in
the same most specific type.

4.8 JSON types

4.8.1 Introduction to JSON types

Values of the JSON type are referred to as SQL/JSON values. An SQL/JSON value is either the null value
or an SQL/JSON item. SQL/JSON item is described in detail in Subclause 4.48.3, “SQL/JSON data model”.
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The JSONdata type is describedby the JSONdata type descriptor. The JSONdata type descriptor contains:

— The name of the JSON data type (JSON)

4.8.2 Comparison and assignment of JSON values

All SQL/JSON values are assignable to a site of type JSON. Any two SQL/JSON values are comparable.

The exact relationship between two SQL/JSON values is defined by the General Rules of Subclause 8.2,
“<comparison predicate>”, summarized as follows:

— SQL/JSON values compare equal, if they are equivalent as defined in Subclause 4.48.3, “SQL/JSON
data model”;

— An SQL/JSON null value compares less than any SQL/JSON scalar;

— An SQL/JSON scalar compares less than any SQL/JSON array;

— An SQL/JSON array compares less than any SQL/JSON object;

— Whether an SQL/JSON scalar that is a number compares less than an SQL/JSON scalar that is not a
number is implementation-defined (IA224);

— Whether an SQL/JSON scalar that is a character string compares less than an SQL/JSON scalar that
not a character string is implementation-defined (IA224);

— Whether an SQL/JSON scalar that is a Boolean compares less than an SQL/JSON scalar that is not
a Boolean is implementation-defined (IA224);

— Whether an SQL/JSON scalar that is a datetime compares less than an SQL/JSON scalar that is not
a datetime is implementation-defined (IA224);

— Two SQL/JSON scalars that are numbers compare according to the rules for SQL numbers;

— Two SQL/JSON scalars that are character strings compare according to the rules for SQL character
strings using the Unicode codepoint collation;

— Two SQL/JSON scalars that are Booleans compare according to the rules for SQL Booleans;

— Two SQL/JSON scalars that are datetimes compare according to the rules for SQL datetimes with
the following extensions:

• It is implementation-defined (IA224) whether a datetime value of type TIME or TIMEWITH
TIME ZONE compares less than any datetime value of a type other than TIME or TIMEWITH
TIME ZONE;

• Datetime values of type DATE are implicitly converted to TIMESTAMP for comparison only;

— An SQL/JSON array A compares less than another SQL/JSON array B, if one of the following is true:

• The cardinality of A is less than the cardinality of B and the elements at the same array index
in both SQL/JSON arrays compare equal for all elements of A;

• There exists an element E in A that compares less than the corresponding element in B and
each element that precedes E in A compares equal to the corresponding element in B;

— Whether an SQL/JSON object compares less than another SQL/JSON object that is not equivalent
is implementation-defined (IA225);

— If an SQL/JSON value A compares less than an SQL/JSON value B and B compares less than an
SQL/JSON value C, then A compares less than C.
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4.8.3 Operations involving JSON values

<JSON parse> is an operator that parses a character string or binary string; i.e., converts JSON text to an
SQL/JSON item, according to the rules of RFC 8259.

<JSONserialize> is an operator that, given a SQL/JSONvalue JV, returns either a character string or binary
string value SV such that the result of a <JSON parse> with SV as input would be equivalent to JV.

<JSONobject constructor> is an operator that, given zero ormorename-value pairs, returns an SQL/JSON
item that is an SQL/JSON object.

<JSON array constructor> is an operator that, given a list of values, returns an SQL/JSON item that is an
SQL/JSON array.

<JSON scalar> is an operator that, given a valueV of character string data type, numeric data type, Boolean
data type, or datetime data type, returns an SQL/JSON item that is a SQL/JSON scalar whose value is V.

<JSON object aggregate constructor> is an operator that returns an SQL/JSON item that is an SQL/JSON
object from a collection of rows.

<JSON array aggregate constructor> is an operator that returns an SQL/JSON item that is an SQL/JSON
array from a collection of rows.

<JSON query> is an operator that, given an SQL/JSON item and an SQL/JSON path expression, returns an
SQL/JSON item.

<JSON value function> is an operator that, given an SQL/JSON item and an SQL/JSON path expression,
returns an SQL value of character string data type, numeric data type, Boolean data type, or datetime
data type.

<JSON simplified accessor> provides a subset of the functionality of <JSON query> and <JSON value
function> using a more convenient syntax.

<JSON table> is a kind of <derived table>, which may be used to query an SQL/JSON value as a table.

<JSON predicate> is a predicate that determines whether a given character string or JSON value satisfies
the rules of RFC 8259 for JSON objects, JSON arrays, and/or JSON scalars.

<JSON exists predicate> is a predicates that evaluates an SQL/JSON path expression and determines if
the result is an SQL null value, an empty SQL/JSON sequence, or a non-empty SQL/JSON sequence.

<JSON object constructor>, <JSON array constructor>, <JSON object aggregate constructor>, <JSON array
aggregate constructor>, and <JSON query> have the option of returning a character string value or a
binary string value instead of a JSON value, in which case the result is implicitly serialized.

4.9 User-defined types
This Subclause is modified by Subclause 4.9, “User-defined types”, in ISO/IEC 9075-13.
This Subclause is modified by Subclause 4.4, “User-defined types”, in ISO/IEC 9075-15.

4.9.1 Introduction to user-defined types

This Subclause is modified by Subclause 4.9.1, “Introduction to user-defined types”, in ISO/IEC 9075-13.

13A user-defined type is a schema object, identified by a <user-defined type name>. The definition of a
user-defined type specifies a representation for values of that type. A user-defined type is either a distinct
type or a structured type. The representation of a distinct type is a single predefined type or collection
type, known as the source type. The representation of a structured type consists of a list of attribute
definitions. Although the attribute definitions are said to define the representation of the user-defined
type, in fact they implicitly define certain functions (observer functions and mutator functions) that are
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part of the interface of the user-defined type; physical representations of user-defined type values are
implementation-dependent (UV060).

The definition of a user-defined typemay include a <method specification list> consisting of one ormore
<method specification>s, each identifying an SQL-invokedmethod, or simply amethod, of that user-defined
type.

4.9.2 Distinct types

This Subclause is modified by Subclause 4.4.1, “Distinct types”, in ISO/IEC 9075-15.

The definition of a distinct type specifies its name and the name of its source type.

The definition of a distinct type may specify FINAL; otherwise, FINAL is implicit. Consequently, the
definition of a distinct type shall not specify a <subtype clause>.

The definition of a distinct type DT implicitly creates an SQL-invoked function F1 that converts a value
of DT to a value of its source type ST, an SQL-invoked function F2 that converts a value of ST to a value
of DT, and a transform TRwith F1 as the from-sql function and F2 as the to-sql function.

15A distinct type DTwhose source type is a collection type CT is said to have an element type, which is
the element type of CT.

A value of DT has a cardinality, which is the number of elements in that value. A distinct type whose
source type is an array type AT is said to have amaximum cardinality, which is the maximum cardinality
of AT.

4.9.3 Structured types

4.9.3.1 Introduction to structured types

The definition of a structured type specifies its name and a list of <attribute definition>s. Each <attribute
definition> specifies the name of attribute, the data type of the attribute, and optionally a default value
for the attribute.

The definition of a structured type may specify INSTANTIABLE or NOT INSTANTIABLE; otherwise,
INSTANTIABLE is implicit. If the definition of a structured type ST specifies NOT INSTANTIABLE, then
the most specific type of every value in ST is necessarily of some proper subtype of ST.

Thedefinitionof a structured type shall specify either FINALorNOTFINAL. If the definitionof a structured
type specifies FINAL, then it shall not specify either a <subtype clause> or NOT INSTANTIABLE.

4.9.3.2 Observer functions andmutator functions

Corresponding to every attribute of every structured type is exactly one implicitly-defined observer
function and exactly one implicitly-defined mutator function. These are both SQL-invoked functions.
Further, the mutator function is a type-preserving function.

Let A be the name of an attribute of structured type T and let AT be the data type of A. The signature of
the observer function for this attribute is FUNCTION A(T) and its result data type is AT. The signature of
the mutator function for this attribute is FUNCTION A(T RESULT, AT) and its result data type is T.

Let V be a value in data type T and let AV be a value in data type AT. The invocation A(V,AV) returnsMV
such that “A(MV) is identical to AV” and for every attribute A′ (A′ ≠ A) of T, “A′(MV) is identical to A′(V)”.
The most specific type ofMV is the most specific type of V.

4.9.3.3 Constructors

Associated with each structured type ST is one implicitly defined constructor function, if and only if ST is
instantiable.
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Let TN be the name of a structured type T. The signature of the constructor function for T is TN() and its
result data type is T. The invocation TN() returns a value V such that V is not the null value and, for every
attribute A of T, A(V) returns the default value of A. The most specific type of V is T.

For every structured type ST that is instantiable, zero or more SQL-invoked constructor methods can be
specified. The names of those methods shall be equivalent to the name of the type for which they are
specified.

NOTE14—SQL-invoked constructormethods are originalmethods that cannot beoverloaded.AnSQL-invoked constructor
method and a regular SQL-invoked function can exist such that they have equivalent routine names, the types of the first
parameter of the method’s augmented SQL parameter declaration list and the function’s parameter list are the same, and
the types of the corresponding remaining parameters (if any) are identical according to the Syntax Rules of Subclause 9.30,
“Data type identity”.

4.9.3.4 Subtypes and supertypes

As a consequence of the <subtype clause> of <user-defined type definition>, two structured types Ta and
Tb that are not compatible can be such that Ta is a subtype of Tb. See Subclause 11.51, “<user-defined
type definition>”.

A type Ta is a direct subtype of a type Tb if Ta is a proper subtype of Tb and there does not exist a type Tc
such that Tc is a proper subtype of Tb and a proper supertype of Ta.

A type Ta is a subtype of type Tb if and only if exactly one of the following is true:

— Ta and Tb are compatible;

— Ta is a direct subtype of Tb;

— Ta is a subtype of some type Tc and Tc is a direct subtype of Tb.

By the same token, Tb is a supertype of Ta and is a direct supertype of Ta in the particular case where Ta
is a direct subtype of Tb.

If Ta is a subtype of Tb and Ta and Tb are not compatible, then Ta is a proper subtype of Tb and Tb is a
proper supertype of Ta. A type cannot be a proper supertype of itself.

A type with no proper supertypes is amaximal supertype. A type with no proper subtypes is a leaf type.

Let Ta be a maximal supertype and let T be a subtype of Ta. The set of all subtypes of Ta (which includes
Ta itself) is called a subtype family of T or (equivalently) of Ta. A subtype family is not permitted to have
more than one maximal supertype.

Every value in a type T is a value in the direct supertype, if any, of T. A value V in type T has exactly one
most specific typeMST such thatMST is a subtype of T and V is not a value in any proper subtype ofMST.
The most specific type of value need not be a leaf type. For example, a type structure might consist of a
type PERSON that has STUDENT and EMPLOYEE as its two subtypes, while STUDENT has two direct
subtypes UG_STUDENT and PG_STUDENT. The invocation STUDENT() of the constructor function for
STUDENT returns a value whose most specific type is STUDENT, which is not a leaf type.

If Ta is a subtype of Tb, then a value in Ta can be used wherever a value in Tb is expected. In particular, a
value in Ta can be stored in a column of type Tb, can be substituted as an argument for an input SQL
parameter of data type Tb, and can be the value of an invocation of an SQL-invoked functionwhose result
data type is Tb.

A type T is said to be theminimal common supertype of a set of types S if T is a supertype of every type
in S and a subtype of every type that is a supertype of every type in S.
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NOTE 15— Because a subtype family has exactly one maximal supertype, if two types have a common subtype, they also
have aminimal common supertype. Thus, for every set of types drawn from the same subtype family, there is somemember
of that family that is the minimal common supertype of all of the types in that set.

If a structured type ST is defined to be not instantiable, then the most specific type of every value in ST
is necessarily of some proper subtype of ST.

If the definition of a user-defined typeUDT specifies or implies FINAL, thenUDT has no proper subtypes.
As a consequence, the most specific type of every value in UDT is necessarily UDT.

Users shall have the UNDER privilege on a type before they can define any direct subtypes of it. A type
can have more than one direct subtype. A user-defined type or a reference type can have at most one
direct supertype.

A <user-defined type definition> for typeT can include references to components of the direct supertype,
if any, ofT. Effectively, components of the representationof thedirect supertype are copied to the subtype’s
representation.

4.9.4 Methods

Amethodof a user-defined typeT is either an originalmethod of Tor an overridingmethod of T. An original
method is specified by an <original method specification>, while an overridingmethod is specified by an
<overriding method specification>.

Each <original method specification> specifies:

— The <method name>;

— The <specific method name>;

— The <SQL parameter declaration list>;

— The <returns data type>;

— The <result cast from type> (if any);

— Whether the method is type-preserving;

— The <language clause>;

— If the language is not SQL, then the <parameter style>;

— Whether STATIC or CONSTRUCTOR is specified;

— Whether the method is deterministic;

— Whether the method possibly modifies SQL-data, possibly reads SQL-data, possibly contains SQL,
or does not possibly contain SQL;

— Whether the method shall be evaluated as the null value whenever any argument is the null value,
without actually invoking the method.

Each <overriding method specification> specifies:

— The <method name>;

— The <specific method name>;

— The <SQL parameter declaration list>;

— The <returns data type>.

For each <overriding method specification>, there shall be an <original method specification> with the
same<methodname>and<SQLparameter declaration list> in someproper supertypeof theuser-defined
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type. Every SQL-invoked method in a schema shall correspond to exactly one <original method specific-
ation> or <overriding method specification> associated with some user-defined type existing in that
schema.

A methodM is amethod of type T1 if and only if exactly one of the following is true:

— M is an original method of T1;

— M is an overriding method of T1;

— There is a proper supertype T2 of T1 such thatM is an original or overridingmethod of T2 and such
that there is no methodM3 such thatM3 has the same <method name> and <SQL parameter
declaration list> asM andM3 is an original method or overriding method of a type T3 such that T2
is a proper supertype of T3 and T3 is a supertype of T1.

4.9.5 User-defined type comparison and assignment

This Subclause is modified by Subclause 4.9.2, “User-defined type comparison and assignment”, in ISO/IEC
9075-13.

Let the comparison typeof a user-defined typeTabe theuser-defined typeTb forwhich all of the following
are true:

— The type designator of Tb is in the type precedence list of Ta;

— The user-defined type descriptor of Tb includes an ordering form that is EQUALS or FULL;

— The descriptor of no type Tcwhose type designator precedes that of Tb in the type precedence list
of Ta includes an ordering form that includes EQUALS or FULL.

If there is no such type Tb, then Ta has no comparison type.

Let comparison form of a user-defined type Ta be the ordering form included in the user-defined type
descriptor of the comparison type of Ta.

Let comparison category of a user-defined type Ta be the ordering category included in the user-defined
type descriptor of the comparison type of Ta.

13Let comparison function of a user-defined type Ta be the ordering function included in the user-defined
type descriptor of the comparison type of Ta.

13Two values V1 and V2whose most specific types are user-defined types T1 and T2 are comparable if
and only if T1 and T2 are in the same subtype family and each have some comparison type CT1 and CT2,
respectively. CT1 and CT2 constrain the comparison forms and comparison categories of T1 and T2 to
be the same and to be the same as those of all their supertypes.

— If the comparison category is either STATE or RELATIVE, then T1 and T2 are constrained to have
the same comparison function;

— if the comparison category is MAP, they are not constrained to have the same comparison function.
NOTE 16— Explicit cast functions or attribute comparisons can be used to make both values of the same subtype family
or to perform the comparisons on attributes of the user-defined types.

NOTE 17— “Subtype” and “subtype family” are defined in Subclause 4.9.3.4, “Subtypes and supertypes”.

If there is no appropriate user-defined cast function, then an expression Ewhose declared type is some
user-defined type UDT1 is assignable to a site Swhose declared type is some user-defined type UDT2 if
and only if UDT1 is a subtype of UDT2. The effect of the assignment of E to S is that the value of S is V,
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obtained by the evaluation of E. Themost specific type of V is some subtype ofUDT1, possiblyUDT1 itself,
while the declared type of S remains UDT2.

An expression whose declared type is some distinct type whose source type is SDT is assignable to any
site whose declared type is SDT because of the implicit cast functions created by the General Rules of
Subclause 11.51, “<user-defined type definition>”. Similarly, an expression whose declared type is some
predefineddata type SDT is assignable to any sitewhosedeclared type is somedistinct typewhose source
type is SDT.

4.9.6 Transforms for user-defined types

Transforms are SQL-invoked functions that are automatically invoked when values of user-defined types
are transferred from SQL-environment to host languages or vice-versa.

A transform is associated with a user-defined type. A transform identifies a list of transform groups of up
to two SQL-invoked functions, called the transform functions, each identified by a group name. The group
name of a transform group is an <identifier> such that no two transform groups for a transform have the
same group name. The two transform functions are:

— from-sql function—This SQL-invoked function maps the user-defined type value into a value of
an SQL pre-defined type, and gets invoked whenever a user-defined type value is passed to a host
language program or an external routine;

— to-sql function—This SQL-invoked function maps a value of an SQL predefined type to a value of
a user-defined type and gets invoked whenever a user-defined type value is supplied by a host
language program or an external routine.

A transform is defined by a <transform definition>. A transform is described by a transform descriptor.
A transformdescriptor includes apossibly empty list of transformgroupdescriptors, where each transform
group descriptor includes:

— The group name of the transform group;

— The specific name of the from-sql function, if any, associated with the transform group;

— The specific name of the to-sql function, if any, associated with the transform group.

4.9.7 User-defined type descriptor

This Subclause is modified by Subclause 4.9.3, “User-defined type descriptor”, in ISO/IEC 9075-13.

13A user-defined type is described by a user-defined type descriptor. A user-defined type descriptor
contains:

— The name of the user-defined type (<user-defined type name>). This is the type designator of that
type, used in type precedence lists (see Subclause 9.7, “Type precedence list determination”);

— An indication of whether the user-defined type is a structured type or a distinct type;

— The ordering form for the user-defined type, one of:

• EQUALS;

• FULL;

• NONE;

— 13The ordering category for the user-defined type, one of:

• RELATIVE;

• MAP;
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• STATE;

— A<specific routinedesignator> identifying theordering function, dependingon theordering category;

— If the user-defined type is a direct subtype of another user-defined type, then the name of that user-
defined type;

— If the user-defined type is a distinct type, then the descriptor of the source type; otherwise, the
attribute descriptor of every originally-defined attribute and every inherited attribute of the user-
defined type;

— An indication of whether the user-defined type is instantiable or not instantiable;

— An indication of whether the user-defined type is final or not final;

— 13The transform descriptor of the user-defined type;

— If the user-defined type is a structured type, then:

• Whether the referencing type of the structured type has a user-defined representation, a
derived representation, or a system-defined representation;

• If user-defined representation is specified, then the type descriptor of the representation type
of the referencing type of the structured type; otherwise, if derived representation is specified,
then the list of derivational attributes of the derived representation;

NOTE 18— “user-defined representation”, “derived representation”, and “system-defined representation” of a ref-
erence type are defined in Subclause 4.11, “Reference types”.

— If the <method specification list> is specified, then for each <method specification> contained in
<method specification list>, amethod specification descriptor that includes:

• The <method name>;

• The <specific method name>;

• An indication of whether the <method specification> is an <originalmethod specification> or
an <overriding method specification>;

• If the <method specification> is an <original method specification>, then an indication of
whether STATIC or CONSTRUCTOR is specified;

• The <SQL parameter declaration list> augmented to include the implicit first parameter with
parameter name SELF;

• For every <SQL parameter declaration> in the <SQL parameter declaration list>, a <locator
indication>, if any;

• The <returns data type>;

• The <result cast from type>, if any;

• The <locator indication> contained in the <returns clause>, if any;

• The <language name>;

• If the <language name> is not SQL, then the <parameter style>;

• An indication whether the method is deterministic;

• An indicationwhether themethodpossiblymodifiesSQL-data, possibly readsSQL-data, possibly
contains SQL, or does not possibly contain SQL;

• An indication whether the method shall not be invoked if any argument is the null value;
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• The creation timestamp;

• The last-altered timestamp.
NOTE 19— The characteristics of an <overriding method specification> other than the <method name>, <SQL
parameter declaration list>, and <returns data type> are the same as the characteristics for the corresponding
<original method specification>.

4.10 Row types
A row type is a sequence of (<field name> <data type>) pairs, called fields. It is described by a row type
descriptor. A row type descriptor consists of the field descriptor of every field of the row type.

Themost specific type of a row of a table is a row type. In this case, each column of the table corresponds
to the field of the row type that has the same ordinal position as the column.

Row type RT2 is a subtype of data type RT1 if and only if RT1 and RT2 are row types of the same degree
and, in every n-th pair of corresponding field definitions, FD1n in RT1 and FD2n in RT2, the <field name>s
are equivalent and the <data type> of FD2n is a subtype of the <data type> of FD1n.

A value of row type RT1 is assignable to a site of row type RT2 if and only if the degree of RT1 is the same
as the degree of RT2 and every field in RT1 is assignable to the field in the same ordinal position in RT2.

A value of row type RT1 is comparable with a value of row type RT2 if and only if the degree of RT1 is the
same as the degree ofRT2 and every field in RT1 is comparablewith the field in the same ordinal position
in RT2.

4.11 Reference types

4.11.1 Introduction to reference types

A REF value is a value that references a row in a referenceable table (see Subclause 4.17.9, “Referenceable
tables, subtables, and supertables”). A referenceable table is necessarily also a typed table (that is, it has
an associated structured type from which its row type is derived).

Given a structured typeT, the REF values that can reference rows in typed tables defined on T collectively
forma certain data typeRT knownas a reference type.RT is the referencing type ofT andT is the referenced
type of RT.

Let TN be name of T. The type designator of RT is REF(TN).

Values of two reference types are comparable if the referenced types of their declared types have some
common supertype.

An expression Ewhose declared type is some reference type RT1 is assignable to a site Swhose declared
type is some reference type RT2 if and only if the referenced type of RT1 is a subtype of the referenced
type of RT2. The effect of the assignment of E to S is that the value of S is V, obtained by the evaluation of
E. The most specific type of V is some subtype of RT1, possibly RT1 itself, while the declared type of S
remains RT2.

A site RS that is occupied by a REF valuemight have a scope, which determines the effect of an invocation
of <reference resolution> RR on the value at RS. A scope is specified as a table name STN and consists at
any time of every row in the table ST identified by STN. ST is the scoped table of RR. The scope of RS is
specified in the declared type of RS. If no scope is specified in the declared type of RS, then <reference
resolution> is not available.

A reference type is describedby a reference type descriptor. The reference type descriptor forRT includes:

— The type designator of RT;
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— The name of the referenceable table, if any, that is the scope of RT.

In a host variable, a REF value is materialized as an N-octet value, where N is implementation-defined
(IV071).

Reference type RT2 is a subtype of data type RT1 (equivalently, RT1 is a supertype of RT2) if and only if
RT1 is a reference type and the referenced type of RT2 is a subtype of the referenced type of RT1.

Every value in a reference type RT is a value in every supertype of RT. A value V in type RT has exactly
one most specific typeMST such thatMST is a subtype of RT and V is not a value in any proper subtype
ofMST.

A reference type has a user-defined representation if its referenced type is defined by a <user-defined
typedefinition> that specifies<user-definedrepresentation>. A reference typehas aderived representation
if its referenced type is definedbya<user-defined typedefinition> that specifies<derived representation>.
A reference type has a system-defined representation if it does not have a user-defined representation or
a derived representation.

4.11.2 Operations involving references

An operation is provided that takes a REF value and returns the value that is held in a column of the site
identified by the REF value (see Subclause 6.22, “<dereference operation>”). If the REF value identifies
no site, perhaps because a site it once identified has been destroyed, then the null value is returned.

An operation is provided that takes a REF value and returns a value of the referenced type; that value is
constructed from the values of the columns of the site identified by that REF value (see Subclause 6.24,
“<reference resolution>”). An operation is also provided that takes a REF value and returns a value
acquired from invoking an SQL-invokedmethodona value of the referenced type; that value is constructed
from the values of the columns of the site identified by that REF value (see Subclause 6.23, “<method
reference>”).

4.12 Collection types
This Subclause is modified by Subclause 4.5, “Collection types”, in ISO/IEC 9075-15.

4.12.1 Introduction to collection types

This Subclause is modified by Subclause 4.5.1, “Introduction to collection types”, in ISO/IEC 9075-15.

15A collection is a composite value comprising zero or more elements, each a value of some data type DT.
If the elements of some collection C are values of DT, then C is said to be a collection of DT. The number
of elements in C is the cardinality of C. The term “element” is not further defined in this document. The
term “collection” is generic, encompassing various kinds of collection in connection with each of which,
individually, this document defines primitive type constructors and operators. This document supports
the following collection types:

— 15Arrays;

— Multisets.

15Aspecific<collection type>CT is a <data type> specifiedbypairing akeywordKC (ARRAYorMULTISET)
with a specific data typeEDT. Every element of every possible value ofCT is a value ofEDT and is permitted
to be, more specifically, of some subtype of EDT. EDT is termed the element type of CT. KC specifies the
kind of collection that every value of CT is, and thus determines the operators that are available for
operating on or returning values of CT.

A maximum cardinality may optionally be specified for arrays.

Let EDTN be the type designator of EDT. The type designator of CT is EDTN KC.
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15A collection type descriptor describes a collection type. The collection type descriptor for CT includes:

— The type designator of CT;

— The descriptor of the element type of CT;

— An indication of the kind of the collection of CT:

• 15ARRAY (array type);

• 15MULTISET (multiset type);

— If CT is an array type, the maximum number of elements of CT.

Collection type CT2 is a subtype of data type CT1 (equivalently, CT1 is a supertype of CT2) if and only if
CT1 is the same kind of collection as CT2 and the element type of CT2 is a subtype of the element type of
CT1.

15An external function (see Subclause 4.35, “SQL-invoked routines”) can return values of a collection
type; sucha function is called a collection-returning external function. This document supports the following
types of collection-returning external functions:

— Array-returning external functions;

— Multiset-returning external functions.

4.12.2 Arrays

An array is a collection A in which each element is associated with exactly one ordinal position in A. If n
is the cardinality of A, then the ordinal position p of an element is an integer in the range 1 (one) ≤ p ≤ n.
If EDT is the element type of A, then A can thus be considered as a function of the integers in the range 1
(one) to n into EDT.

An array site AS has a maximum cardinalitym. The cardinality n of an array occupying AS is constrained
not to exceedm.

An array type is a <collection type>. If AT is some array type with element type EDT, then every value of
AT is an array of EDT.

Let A1 and A2 be arrays of EDT. A1 and A2 are identical if and only if A1 and A2 have the same cardinality
n and if, for all i in the range 1 (one)≤ i≤ n, the element at ordinal position i inA1 is identical to the element
at ordinal position i in A2.

4.12.3 Multisets

Amultiset is anunordered collection. Since amultiset is unordered, there is noordinal position to reference
individual elements of a multiset.

A multiset type is a <collection type>. IfMT is some multiset type with element type EDT, then every
value ofMT is a multiset of EDT.

LetM1 andM2 be multisets of EDT.M1 andM2 are identical if and only ifM1 andM2 have the same car-
dinality n, and for each element x inM1, the number of elements ofM1 that are identical to x, including
x itself, equals the number of elements ofM2 that are identical to x.

Let n1 be the cardinality ofM1 and let n2 be the cardinality ofM2.M1 is a submultiset ofM2 if, for each
element x ofM1, the number of elements ofM1 that are not distinct from x, including x itself, is less than
or equal to the number of elements ofM2 that are not distinct from x.

4.12.4 Collection comparison and assignment

This Subclause is modified by Subclause 4.5.3, “Collection comparison and assignment”, in ISO/IEC 9075-15.
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Two collections of ARRAY or MULTISET kind are comparable if and only if they are of the same kind and
their element types are comparable.

A value of collection type CT1 is assignable to a site of collection type CT2 if and only if CT1 is the same
kind of collection (ARRAY or MULTISET) as CT2 and the element type of CT1 is assignable to the element
type of CT2.

The array types have a defined element order. Comparisons are defined in terms of the element order of
the arrays. Theelementorderdefines thepairs of correspondingelements fromthearraysbeing compared.
The element order of an array is implicitly defined by the ordinal position of its elements.

15 In the case of comparison of two arrays C andD, the elements are compared pairwise in element order.
C = D is True if and only if C and D have the same cardinality and every pair of elements are equal.

Two multisets C and D of comparable element types are equal if they have the same cardinality N and
there exist an enumeration CEj, 1 (one) ≤ j ≤ N of the elements of C and an enumeration DEj, 1 (one) ≤ j
≤ N of the elements of D such that for all j, CEj = DEj.

4.12.5 Operations involving arrays

4.12.5.1 Operators that operate on array values and return array elements

<array element reference> is an operation that returns the array element in the specified positionwithin
the array.

4.12.5.2 Operators that operate on array values and return array values

<array concatenation> is anoperation that returns the array valuemadeby joining its array valueoperands
in the order given.

<trim array function> is an operation that returns an array value derived from the first input argument
(an array value) by removing the last n elements, where n is the value of the second input argument.

4.12.5.3 Operators that operate on array values and return numbers

<cardinality expression> is an operation that returns the cardinality of the array.

<max cardinality expression> returns the maximum cardinality of the declared type of a given array as
an exact numeric value.

4.12.6 Operations involving multisets

4.12.6.1 Operators that operate on multisets and return multiset elements

<multiset element reference> is an operation that returns the value of the element of a multiset, if the
multiset has only one element.

4.12.6.2 Operators that operate on multisets and return multisets

<multiset set function> is an operation that returns the multiset obtained by removing duplicates from
a multiset.

MULTISET UNION is an operator that computes the union of two multisets. There are two variants, spe-
cified using ALL or DISTINCT, to either retain duplicates or remove duplicates.

MULTISET INTERSECT is an operator that computes the intersection of two multisets. There are two
variants, ALL and DISTINCT. The variant specified by ALL places in the result as many instances of each
value as the minimum number of instances of that value in either operand. The variant specified by DIS-
TINCT removes duplicates from the result.
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MULTISET EXCEPT is an operator that computes the multiset difference of two multisets. There are two
variants, ALL and DISTINCT. The variant specified by ALL places in the result a number of instances of a
value, equal to the number of instances of the value in the first operand minus the number of instances
of the value in the secondoperand. The variant specifiedbyDISTINCT removesduplicates from the result.

4.12.6.3 Operators that operate on multiset values and return numbers

<cardinality expression> is an operation that returns the cardinality of the multiset.

4.13 Data conversions
This Subclause is modified by Subclause 4.4, “Data conversions”, in ISO/IEC 9075-14.

Implicit type conversion can occur in expressions, fetch operations, single row select operations, inserts,
deletes, and updates. Explicit type conversions can be specified by the use of the CAST operator.

Explicit data conversions can be specified by a CAST operator. A CAST operator defines how values of a
source data type are converted into a value of a target data type according to the SyntaxRules andGeneral
Rules of Subclause 6.13, “<cast specification>”. Data conversions between predefined data types and
constructed types are defined by the rules of this document. Data conversions between a user-defined
type and another data type are defined by a user-defined cast.

14A user-defined cast identifies an SQL-invoked function, called the cast function, that has one SQL para-
meter whose declared type is the same as the source data type and a result data type that is the target
data type. A cast function may optionally be specified to be implicitly invoked whenever values are
assigned to targets of its result data type. Such a cast function is called an implicitly invocable cast function.

A user-defined cast is defined by a <user-defined cast definition>. A user-defined cast has a user-defined
cast descriptor that includes:

— The name of the source data type;

— The name of the target data type;

— The specific name of the SQL-invoked function that is the cast function;

— An indication as to whether the cast function is implicitly invocable.

When a value V of declared type TV is assigned to a target T of declared type TT, a user-defined cast
function UDCF is said to be an appropriate user-defined cast function if and only if all of the following are
true:

— The descriptor of UDCF indicates that UDCF is implicitly invocable;

— The type designator of the declared type DTP of the only SQL parameter P of UDCF is in the type
precedence list of TV;

— The result data type of UDCF is TT;

— No other user-defined cast function UDCQwith an SQL parameter Qwith declared type TQ that
precedesDTP in the typeprecedence list ofTV is an appropriate user-defined cast function to assign
V to T.

An <SQL procedure statement> S is said to be dependent on an appropriate user-defined cast function
UDCF if and only if all of the following are true:

— S is a <select statement: single row>, <insert statement>, <update statement: positioned>, <update
statement: searched>, or <merge statement>;
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— UDCF is invoked during a store or retrieval assignment operation that is executed during the execu-
tion of S and UDCF is not executed during the invocation of an SQL-invoked function that is invoked
during the execution of S.

4.14 Domains
A domain is a set of permissible values. A domain is defined in a schema and is identified by a <domain
name>. The purpose of a domain is to constrain the set of valid values that can be stored in a column of
a base table by various operations.

A domain definition specifies a data type. It may also specify a <domain constraint> that further restricts
the valid values of the domain and a <default clause> that specifies the value to be used in the absence
of an explicitly specified value or column default.

A domain is described by a domain descriptor. A domain descriptor includes:

— The name of the domain;

— The data type descriptor of the data type of the domain;

— The value of <default option>, if any, of the domain;

— The domain constraint descriptors of the domain constraints, if any, of the domain.

4.15 Columns, fields, and attributes
This Subclause is modified by Subclause 4.3, “Columns, fields, and attributes”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 4.2, “Columns, fields, and attributes”, in ISO/IEC 9075-16.

The terms column, field, and attribute refer to structural components of tables, row types, and structured
types, respectively, in analogous fashion. As the structure of a table consists of one or more columns, so
does the structure of a row type consist of one or more fields and that of a structured type one or more
attributes. Every structural element, whether a column, a field, or an attribute, is primarily a namepaired
with a declared type. The elements of a structure are ordered. Elements in different positions in the same
structure can have the same declared type. Sometimes the Syntax Rules forbid two elements at different
ordinal positions from having equivalent names (particularly when created through an <SQL schema
statement>). When two elements with equivalent names are permitted, then the element name is
ambiguous and attempts to reference either element by name will raise a syntax error. Although the
elements of a structure are distinguished from each other by name, in some circumstances the compat-
ibility of two structures (for the purpose at hand) is determined solely by considering the declared types
of each pair of elements at the same ordinal position.

A table (see Subclause 4.17, “Tables”) is defined on one or more columns and consists of zero or more
rows. A columnhas a name and a declared type. Each row in a table has exactly one value for each column.
Each value in a row is a value in the declared type of the corresponding column. A column is either
updatable or not updatable.

NOTE 20— The declared type includes the null value and values in proper subtypes of the declared type.

Every column has a nullability characteristic that indicates whether the value from that column can be
the null value. A nullability characteristic is either known not nullable or possibly nullable.

Let C be a column of a base table T. C is known not nullable if and only if at least one of the following is
true:

— There exists at least one constraintNNC that is enforced andnot deferrable and that simply contains
a <search condition> that is a <boolean value expression> that is a readily-known-not-null condition
for C;
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— C is based on a domain that has a domain constraint that is not deferrable and that simply contains
a <search condition> that is a <boolean value expression> that is a readily-known-not-null condition
for VALUE;

— C is a unique column of a non-deferrable unique constraint that is a PRIMARY KEY;

— C is the self-referencing column of T;

— The SQL-implementation is able to deduce that the <search condition> “C IS NULL” can never be
Truewhen applied to a row in T through some additional implementation-defined (IA199) rule or
rules;

NOTE 21—The notions “known not nullable” and “known-not-null condition” are examples of such additional rules
that an SQL-implementation can adopt. If an SQL-implementation does adopt those rules (and possibly others), then
the SQL-implementation can claim support for Feature T101, “Enhanced nullability determination”.

16Thenullability characteristic of a columnof aderived table is definedby the SyntaxRules of Subclause7.6,
“<table reference>” (for <PTF derived table>), Subclause 7.10, “<joined table>”, Subclause 7.16, “<query
specification>”, and Subclause 7.17, “<query expression>”.

A column C is described by a column descriptor. A column descriptor includes:

— The name of the column;

— Whether the name of the column is an implementation-dependent name.

— If the column is basedonadomain, then thenameof that domain; otherwise, thedata typedescriptor
of the declared type of C;

— The value of <default option>, if any, of C;

— The nullability characteristic of C;

— The ordinal position of Cwithin the table that contains it;

— An indication of whether C is updatable or not;

— An indication of whether C is a self-referencing column of a base table or not;

— An indication of whether C is an identity column or not;

— If C is an identity column, then an indication of whether values are always generated or generated
by default;

— IfC is an identity column, then thedescriptor of the internal sequence generator forC, which includes
the start value of C;

NOTE22—Identity columnsand themeaningof “start value” aredescribed in Subclause4.17.12, “Identity columns”.

— An indication of whether C is a generated column or not;

— If C is a generated column, then the generation expression of C;
NOTE 23— Generated columns and the meaning of “generation expression” are described in Subclause 4.17.13,
“Base columns and generated columns”.

— An indication of whether C is a system-time period start column or not;

— An indication of whether C is a system-time period end column or not;

— If C is a system-time period start column or a system-time period end column, then an indication
that values are always generated;

— If C is a column of a base table, then an indication of whether it is defined as NOT NULL and, if so,
the constraint name of the associated table constraint definition;
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NOTE 24— This indication and the associated constraint name exist for definitional purposes only and are not
exposed through the COLUMNS view in the Information Schema.

An attribute A is described by an attribute descriptor. An attribute descriptor includes:

— The name of the attribute;

— The data type descriptor of the declared type of A;

— The ordinal position of Awithin the structured type that contains it;

— The value of the implicit or explicit <attribute default> of A;

— The name of the structured type defined by the <user-defined type definition> that defines A.

09A field F is described by a field descriptor. A field descriptor includes:

— The name of the field;

— The data type descriptor of the declared type of F;

— The ordinal position of Fwithin the row type that simply contains it.

4.16 Periods

4.16.1 Introduction to periods

A period definition for a given table associates a period name with a pair of column names defined for
that table. For a table Twith a period definition PD, let PN be the period name, START be the first column
name specified in PD, and END be the second column name specified in PD. START is called the PN period
start column of T. END is called the PN period end column of T. The columns identified by START and END
shall both be of a datetime data type and known not nullable. Further, the declared types of START and
END shall be identical.

Every row inT is considered to be associatedwith thePNperiod value, with the value in the START column
as the PN period start value and the value in the END column as the PN period end value. The PN period
value of a row R is a set of all values of DT, where DT is the declared type of START, that are greater than
or equal to the value of START and less than the value of END. For a table Twith period PN, there is an
implicit constraint that ensures that the PN period end value of a given row R is greater than the PN
period start value of R.

A period is described by a period descriptor. A period descriptor includes:

— The name of the period;

— The name of the period start column;

— The name of the period end column;

— If the period name is an <application time period name>, then the name of the implicit period con-
straint.

If the table descriptor of a table T contains a period descriptor that includes a period name PN, then that
period descriptor is also referred to as a PN period descriptor of T. A period whose period name is SYS-
TEM_TIME is also known as a system-time period and the corresponding period descriptor is also known
as a system-time period descriptor. A period whose period name is not SYSTEM_TIME is also known as
an application-time period and the corresponding period descriptor is also known as an application-time
period descriptor.

Let R1 and R2 be any two rows in a table Twith period PN. Let S1 be the PN period start value of R1, E1
be the PN period end value of R1, S2 be the PN period start value of R2, and E2 be the PN period end value
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of R2. The PN period value of R1 is said to overlapwith the PN period value of R2 if and only if (S1 < E2
AND E1 > S2).

4.16.2 Operations involving periods

<periodoverlaps predicate> testswhether twoperiods overlap; that is, have at least one value in common.

<period equals predicate> tests whether two periods have the same period start and period end values.

<period contains predicate> tests whether a period contains a datetime value or another period; that is,
whether the first period contains the datetime value or all the values that are contained in the second
period, respectively.

<periodprecedes predicate> testswhether a periodprecedes another period; that is, all values contained
in the first period are less than the start value of the second period.

<period succeeds predicate> testswhether a period succeeds another period; that is, all values contained
in the first period are greater than or equal to the end value of the second period.

<period immediately precedes predicate> tests whether a period immediately precedes another period;
that is, the end value of the first period equals the start value of the second period.

<period immediately succeeds predicate> tests whether a period immediately follows another period;
that is, the start value of the first period equals the end value of the second period.

4.17 Tables
This Subclause is modified by Subclause 4.3, “Tables”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 4.4, “Tables”, in ISO/IEC 9075-9.

4.17.1 Introduction to tables

This Subclause is modified by Subclause 4.4.1, “Introduction to tables”, in ISO/IEC 9075-9.

A table is a collection of zero or more rows where each row is a sequence of one or more column values.
The most specific type of a row is a row type. Every row of a given table has the same row type, called
the row type of that table. The value of the i-th field of every row in a table is the value of the i-th column
of that row in the table. The row is the smallest unit of data that can be inserted into a table and deleted
from a table.

The degree of a table, and the degree of each of its rows, is the number of columns of that table. The
number of rows in a table is its cardinality. A table whose cardinality is 0 (zero) is said to be empty.

09A table is either a base table, a derived table, or a transient table.

4.17.2 Base tables

This Subclause is modified by Subclause 4.3.1, “Base tables”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 4.4.2, “Base tables”, in ISO/IEC 9075-9.

4.17.2.1 Introduction to base tables

A base table is either a persistent base table or a temporary table.

A persistent base table is either a regular persistent base table or a system-versioned table.

A regular base table is either a regular persistent base table or a temporary table.
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4.17.2.2 Regular persistent base tables

A regular persistent base table is a named table defined by a <table definition> that neither specifies
TEMPORARY nor specifies WITH SYSTEM VERSIONING.

4.17.2.3 System-versioned tables

A system-versioned table is a named table defined by a <table definition> that specifies PERIOD SYS-
TEM_TIME and specifies WITH SYSTEM VERSIONING.

Columns of a system-versioned table include a system-time period start column and a system-time period
end column. At anypoint in time, all rows that have their system-timeperiod end columnset to thehighest
value supported by the data type of that column are known as current system rows; all other rows are
known as historical system rows.

4.17.2.4 Temporary tables

This Subclause is modified by Subclause 4.3.1.1, “Temporary tables”, in ISO/IEC 9075-4.

A temporary base table is either a global temporary table, a created local temporary table, or a declared
local temporary table

Aglobal temporary table is a named table definedby a<table definition> that specifiesGLOBALTEMPOR-
ARY. Global temporary tables are effectively materialized only when referenced in an SQL-session. Every
SQL-session that references a global temporary table causes a distinct instance of that global temporary
table (i.e., amultiset of rows that is visible only to that SQL-session) to bematerialized. That is, themultiset
of rows that is referenced by the <table name> of a global temporary table cannot be shared between
SQL-sessions.

For purposes of temporary tables, if an SQL-session is executing direct SQL, then the <direct SQL state-
ment>s executed during the SQL-session effectively comprise a separate SQL-client module.

A created local temporary table is a named table defined by a <table definition> that specifies LOCAL
TEMPORARY. Created local temporary tables are effectively materialized only when referenced in an
SQL-session. Every SQL-client module in every SQL-session that references a created local temporary
table causes a distinct instance of that created local temporary table (i.e., a multiset of rows that is visible
only to that SQL-client module during that SQL-session) to be materialized. That is, the multiset of rows
that is referenced by the <table name> of a created local temporary table cannot be shared between SQL-
sessions, nor between SQL-client modules that execute during an SQL-session.

The definition of a global temporary table or a created local temporary table appears in a schema. In SQL
language, the name and the scope of the name of a global temporary table or a created local temporary
table are indistinguishable from those of a persistent base table.

A declared local temporary table is a named table defined by a <temporary table declaration>.

An SQL-client module declared local temporary table is a declared local temporary table defined in an
<SQL-client module definition> or in a <direct SQL statement>. (Note that the <direct SQL statement>s
executed by an SQL-session that is executing direct SQL effectively comprise a distinct SQL-clientmodule.)
An SQL-client module declared local temporary table is effectively materialized the first time any
<externally-invoked procedure> in the <SQL-client module definition> that contains the <temporary
table declaration> is executed, or when the <temporary table declaration> is executed as a <direct SQL
statement>, and it persists for that SQL-session. Every SQL-client module in every SQL-session that ref-
erences an SQL-client module declared local temporary table causes a distinct instance of that declared
local temporary table (i.e., a multiset of rows that is visible only to that SQL-client module during that
SQL-session) to be materialized. That is, the multiset of rows that is referenced by the <table name> of
anSQL-clientmoduledeclared local temporary table cannotbe sharedbetweenSQL-sessions, norbetween
SQL-client modules that execute during an SQL-session.
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04All references to a declared local temporary table are prefixed by “MODULE.”.

The materialization of a temporary table does not persist beyond the end of the SQL-session in which
the table was materialized. Temporary tables are effectively empty at the start of an SQL-session. Tem-
porary tables that are created within an SQL-session S1 are also effectively empty after creation. If an
<as subquery clause> that specifies WITH DATA is specified, the materialization of the temporary table
within S1 is initialized as specified by the General Rules of Subclause 11.3, “<table definition>”.

4.17.3 Derived tables

A derived table is a table derived directly or indirectly from one or more other tables by the evaluation
of an expression, such as a <joined table>, <data change delta table>, <query expression>, or <table
expression>. A <query expression> can contain an optional <order by clause>. The ordering of the rows
of the table specified by the <query expression> is guaranteed only for the <query expression> that
immediately contains the <order by clause>.

NOTE 25—Derived tables, as defined in this Subclause, are not to be confusedwith the BNF non-terminal <derived table>,
which is a specific syntax construct.

A<query expression> can also optionally contain a <result offset clause>, whichmay limit the cardinality
of the derived table by removing a specified number of rows from the beginning of the derived table. If
a <query expression> contains both an <order by clause> and a <result offset clause>, then the rows in
the derived table are first sorted according to the <order by clause> and then limited by dropping the
number of rows specified in the <result offset clause> from the beginning of the result produced by the
<query expression>. If the cardinality of the result of an evaluation of a <query expression> is less than
the offset value specified by a <result offset clause>, then the derived table is empty.

A <query expression> can also optionally contain a <fetch first clause>, which may limit the cardinality
of the derived table. If a <query expression> contains both an <order by clause> and a <fetch first clause>,
then the rows in the derived table are first sorted according to the <order by clause> and then limited
to the number of rows specified in the <fetch first clause>. The <fetch first clause> may specify this limit
either as an exact number of rows, or as a percentage. In addition, if WITH TIES is specified, then any
peers of retained rows are also retained in the result. A <query expression> may contain both a <result
offset clause> and a <fetch first clause>, in which case the <result offset clause> is applied first, followed
by the <fetch first clause>. If the cardinality of the result of an evaluation of a <query expression> is less
than the limit specified by a <fetch first clause>, then the <fetch first clause> has no effect on the derived
table.

A viewed table is a named derived table defined by a <view definition>. A viewed table is sometimes
called a view. Base tables and views are identified by <table name>s. The same <table name>, in its fully
qualified form, cannot be used for both a base table and a view.

Optionally, an effectively updatable view Vmay specify CHECK OPTION, in either of two varieties: CAS-
CADED CHECK OPTION or LOCAL CHECK OPTION.

LOCAL CHECK OPTION can be specified only if V is simply updatable. CHECK OPTION is not permitted if
a target generally underlying table of V is trigger insertable, trigger updatable, or trigger deletable. If
CHECK OPTION is specified, then V itself shall not subsequently be made trigger insertable, trigger
updatable, or trigger deletable.

Let TLUT be a target leaf underlying table of V. The primary and secondary effects of the data change
operation on TLUT are constrained as follows. For each row R that is in the new delta table of insert
operation, the new delta table of update operation, or the new delta table of merge operation of TLUT,
CHECK OPTION constrains R as follows:

— If CASCADED CHECK OPTION is specified, then Rmust be a row that can be seen by performing
SELECT * FROM VN (where VN is the name of V);
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— If LOCAL CHECK OPTION is specified, then, informally, Rmust satisfy the <search condition>(s) of
V (if any), but need not satisfy the <search condition>s of any views that are generally underlying
tables of V that do not specify CHECK OPTION;

NOTE 26—The latter condition is difficult to formulate in a rigorous definition, because V or a generally underlying
table of V that is itself a view can have a <derived table> in its <from clause> that renames columns. The rigorous
specification is found in the General Rules of Subclause 15.17, “Checking of views that specify CHECK OPTION”.

It is implementation-defined (IA056) whether new rows of TLUT that are the result of tertiary effects of
a data change operation to a base table are checked for a view that specifies CHECK OPTION.

NOTE 27— The primary, secondary, and tertiary effects of a data change operation on a base table are defined in
Subclause 4.17.10, “Operations involving tables”.

Theoriginal <query expression>OQEof a viewV, and any<query specification>, <table value constructor>,
<explicit table>, or <query expression> contained in OQE is called a view component of V.

4.17.4 Transient tables

A transient table is a named table that may come into existence implicitly during the evaluation of a
<query expression> or the execution of a trigger. A transient table is identified by a <query name> if it
arises during the evaluation of a <query expression>, or by a <transition table name> if it arises during
the executionof a trigger. Such tables exist only for the duration of the executing SQL-statement containing
the <query expression> or for the duration of the executing trigger.

4.17.5 Unique identification of tables

This Subclause is modified by Subclause 4.3.2, “Unique identification of tables”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 4.4.3, “Unique identification of tables”, in ISO/IEC 9075-9.

04 09The <table name> of a persistent base table, global temporary table, created local temporary table,
or SQL-client module declared local temporary table is used to identify a particular multiset of rows, as
follows:

— The <table name> of a persistent base table uniquely identifies a multiset of rows;

— The <table name> of a global temporary table, together with an SQL-session identifier, uniquely
identifies a multiset of rows;

— The <table name> of a created local temporary table, together with an SQL-session identifier and
an SQL-client module name, uniquely identifies a multiset of rows;

— 04 09The <table name> of an SQL-client module declared local temporary table, together with an
SQL-session identifier and an SQL-client module name, uniquely identifies a multiset of rows.

4.17.6 Table updatability

A table may be updatable. This document defines two grades of table updatability, using the adjectives
“simply updatable” and “generally updatable”. The set of simply updatable tables is a proper subset of
the set of generally updatable tables. A table is effectively updatable if the table is simply updatable, or if
the table is generally updatable and the SQL-implementation supports Feature T111, “Updatable joins,
unions, and columns”.

A generally updatable table has at least one updatable column. Every column of a simply updatable table
is updatable. All base tables are simply updatable and every columnof a base table is updatable. Transition
tables are not generally updatable (and therefore not simply updatable) and their columns are not
updatable. Derived tables and transient tables identified by <query name>s may be simply updatable or
generally updatable. The Syntax Rules of Subclause 7.6, “<table reference>”, Subclause 7.16, “<query
specification>”, and Subclause 7.17, “<query expression>”, determinewhether a derived tableT is simply
updatable or generally updatable, andwhichof the columnsofT areupdatable. A view is simply updatable
orgenerally updatable if theuser-specified<query expression>of the view is simplyupdatable or generally
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updatable, respectively. A columnof a view isupdatable if the corresponding columnof the user-specified
<query expression> of the view is updatable. A view is trigger updatable if an update INSTEADOF trigger
is defined on that view. A view is trigger deletable if a delete INSTEAD OF trigger is defined on that view.

NOTE 28— The definition that transition tables are not generally updatable merely states that they are not allowed to be
the target of an SQL-data change statement. The value of a new transition table can be altered through assignment to a new
transition variable column reference.

Some effectively updatable tables, including all base tables whose row type is not derived from a user-
defined type that is not instantiable, are also insertable-into. Transition tables are not insertable-into.
The Syntax Rules of Subclause 7.6, “<table reference>”, Subclause 7.16, “<query specification>”,
Subclause 7.17, “<query expression>”, determinewhether a transient table identified by a <query name>
or a derived table T is insertable-into. A view is insertable-into if the user-specified <query expression>
of the view is insertable-into. A view is trigger insertable-into if an insert INSTEAD OF trigger is defined
on that view.

The operation of update on a tableT is permitted ifT is effectively updatable or trigger updatable, subject
to constraining Access Rules and Conformance Rules. The operation of delete on a table T is permitted
if T is effectively updatable or trigger deletable, subject to constraining Access Rules and Conformance
Rules. The operation of insert on a table T is permitted if T is insertable-into or trigger insertable-into,
subject to constraining Access Rules and Conformance Rules.

4.17.7 Table descriptors

This Subclause is modified by Subclause 4.4.4, “Table descriptors”, in ISO/IEC 9075-9.

09A table is described by a table descriptor. A table descriptor is either a transient table descriptor, a base
table descriptor, a view descriptor, or a derived table descriptor (for a derived table that is not a view).

Every table descriptor includes:

— The column descriptor of each column in the table.

— The name of the structured type, if any, associated with the table;

— An indication of whether the table is insertable-into or not;

— An indication of whether the table is a referenceable table or not, and an indication of whether the
self-referencing column is a system-generated, a user-generated, or a derived self-referencing
column;

— The name of its direct supertable, if any;

— A list, possibly empty, of the names of its direct subtables.

A transient table descriptor describes a transient table. In addition to the components of every table
descriptor, a transient table descriptor includes:

— If the transient table is defined by a <with list element> contained in a <query expression>, then
the <query name>. If the transient table is defined by a <trigger definition>, then the <transition
table name>.

A base table descriptor describes a base table. In addition to the components of every table descriptor,
a base table descriptor includes:

— The name of the base table;

— An indication of whether the table is a regular persistent base table, a system-versioned table, a
global temporary table, a created local temporary table, or a declared local temporary table;

— The descriptor of each period defined for the table;
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— If the base table is a global temporary table, a created local temporary table, or a declared local
temporary table, then an indication of whether ON COMMIT PRESERVE ROWSwas specified or ON
COMMIT DELETE ROWS was specified or implied;

— The descriptor of each table constraint specified for the table;

— A non-empty set of functional dependencies, according to the rules given in Subclause 4.26, “Func-
tional dependencies”;

— A non-empty set of candidate keys, according to the rules of Subclause 4.27, “Candidate keys”;

— A preferred candidate key, which may be (but is not required to be) additionally designated the
primary key, according to the Rules in Subclause 4.26, “Functional dependencies”.

A derived table descriptor describes a derived table. In addition to the components of every table
descriptor, a derived table descriptor includes:

— The<query expression> that defineshow the table is to bederived; (Whenaderived table descriptor
is included within a view descriptor, this is known as the hierarchical <query expression> of the
view; it is used to find all rows of the view, including rows that may have proper subrows.)

— An indication of whether the derived table is effectively updatable or not;

— An indication of whether the derived table is simply updatable or not;

09A view descriptor describes a view. In addition to the components of a derived table descriptor, a view
descriptor includes:

— The name of the view;

— An indication of whether the view has the CHECK OPTION; if so, whether it is to be applied as
CASCADED or LOCAL;

— The original <query expression> of the view; (This <query expression> is used to find the rows of
the view that have no proper subrows.)

— The user-specified <query expression> of the view;
NOTE 29— The user-specified <query expression> is identical to the original <query expression>, except for refer-
enceable viewswhose reference type has a derived representation; see the General Rules of Subclause 11.32, “<view
definition>”.

— An indication of whether the view is trigger updatable;

— An indication of whether the view is trigger insertable-into;

— An indication of whether the view is trigger deletable.

4.17.8 Syntactic analysis of derived tables and cursors

This Subclause is modified by Subclause 4.4.5, “Syntactic analysis of derived tables and cursors”, in ISO/IEC
9075-9.

An instance of certain BNF non-terminals S that define cursors and derived tables may be analyzed to
define twodirected graphs, knownas thegraphof underlying table specifications and thegraphof generally
underlying table specifications. In the absence of recursive queries, these graphs are acyclic (that is, they
are trees).

The nodes of the graph of underlying table specifications GUT of S are labeled with BNF non-terminals
contained in S. The nodes of the graph of generally underlying table specifications GGUT of S are labeled
with BNF non-terminals generally contained in S. GUT is a subgraph of GGUT.

NOTE 30— For example, GUT can have a node labeled with “SELECT C FROM T” as a <query expression> QE, another node
labeled with “SELECT C FROM T” as a <query expression body>, and another node labeled with “SELECT C FROM T” as a
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<query specification>containedwithinQE. In addition, S can containmore thanone<query expression>which is equivalent
to “SELECT C FROM T”, and each such <query expression> is a separate node of GUT.

The terms simply underlying table specification, underlying table specification, leaf underlying table spe-
cification, generally underlying table specification, and leaf generally underlying table specification define
a relationship between instances of certain BNF non-terminals that define a derived table or cursor.

The simply underlying table specifications of derived tables are defined in the Syntax Rules of
Subclause 7.16, “<query specification>”, and Subclause 7.17, “<query expression>”. A <table or query
name>has no simply underlying table specifications. The simply underlying table specificationof a cursor
is the <cursor specification> included in the cursor’s result set descriptor (or, for standing cursors, the
<cursor specification> included in the cursor declaration descriptor).

The underlying table specifications of a derived table or cursor DTC are the simply underlying table
specifications ofDTC and the underlying table specifications of the simply underlying table specifications
of DTC.

The leaf underlying table specifications of a derived table or cursorDTC are the underlying table specific-
ations of DTC that do not themselves have any underlying table specifications.

09The generally underlying table specifications of a derived table or cursor DTC are the underlying table
specifications ofDTDC and, for each underlying table specification ofDTC that is a <table or query name>
TORQN, the generally underlying table specifications of TORQN, which are defined as follows:

— 09 If TORQN identifies a base table or if TORQN is a <transition table name>, then TORQN has no
generally underlying table specifications;

— If TORQN is a <query name>, then the generally underlying table specifications of TORQN are the
<query expression body> QEB of the <with list element> identified by TORQN and the generally
underlying table specifications of QEB;

— If TORQN identifies a view V, then the generally underlying table specifications of TORQN are the
hierarchical <query expression> QEV included in the view descriptor of V and the generally
underlying table specifications of QEV.

The leaf generally underlying table specifications of a derived table or cursor DTC are the generally
underlying table specifications of DTC that do not themselves have any generally underlying table spe-
cifications.

NOTE 31— A leaf generally underlying table specification is either a <table or query name> that identifies a base table or
a <transition table name>.

Let S be a BNF non-terminal. The leaf underlying tables of S are the tables identified by the leaf underlying
table specifications of S, and the leaf generally underlying tables of S are the tables identified by the leaf
generally underlying table specifications of S.

Let C be a cursor and let CS be the <cursor specification> of C. The leaf underlying tables of C are the leaf
underlying tables of CS, and the leaf generally underlying tables of C are the leaf generally underlying
tables of CS.

Let V be a view and let HQE be the hierarchical <query expression> of V. The leaf underlying tables of V
are the leaf underlying tables of HQE, and the leaf generally underlying tables of V are the leaf generally
underlying tables of HQE.

IfDTCdefines anupdatable cursor or an effectively updatable derived table, then there are two additional
directed graphs, known as the graph of target underlying table specifications and the graph of target
generally underlying table specifications. The graph of target underlying table specifications is a subgraph
of the graphof underlying table specifications. The graphof target generally underlying table specifications
is a subgraph of the graph of generally underlying table specifications.

NOTE 32— The purpose of these graphs is to identify the views and base tables that are subject to the primary effects of
an SQL-data change statement targeting DTC.
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The terms target simply underlying table specification, target underlying table specification, and target
leaf underlying table specification are used to define the graph of target underlying table specifications.
The additional terms target generally underlying table specification and target leaf generally underlying
table specification are used to define the graph of target generally underlying table specifications.

The target simply underlying table specifications of effectively updatable derived tables are defined in
the Syntax Rules of Subclause 7.16, “<query specification>”, and Subclause 7.17, “<query expression>”.
The target simplyunderlying table specificationof a <table orqueryname> is the<tablename>or<query
name> simply contained in the <table or query name>. (A <transition table name> does not identify an
effectively updatable table, and therefore cannot appear in a graph of target underlying table specifica-
tions.) A <table name> has no target simply underlying table specifications. The target simply underlying
table specification of a <query name> QN is the <query expression body> QEB of the <with list element>
identified by QN. The target simply underlying table specification of an updatable cursor is the <cursor
specification> included in the cursor’s result set descriptor (or, for standing cursors, the <cursor specific-
ation> included in the cursor declaration descriptor).

The target underlying table specificationsof an effectively updatablederived table or anupdatable cursor
DTC are the target simply underlying table specifications of DTC and the target underlying table specific-
ations of the target simply underlying tables of DTC.

The target leaf underlying table specifications of DTC are the target underlying table specifications of
DTC that do not themselves have any target underlying table specifications.

NOTE 33— A target leaf underlying table specification is a <table name> that identifies a base table or an effectively
updatable view.

The target generally underlying table specifications of DTC are the target underlying table specifications
of DTC and, for each target underlying table of DTC that is a <table name> VN that identifies a view V, the
hierarchical <query expression> QEV included in the view descriptor of V and the target generally
underlying table specifications of QEV.

The target leaf generally underlying table specifications of DTC are the target generally underlying table
specifications of DTC that do not themselves have any target generally underlying table specifications.

NOTE 34— A target leaf generally underlying table is a <table name> that identifies a base table.

Let S be a BNF non-terminal. The target leaf underlying tables of S are the tables identified by the target
leaf underlying table specifications of S, and the target leaf generally underlying tables of S are the tables
identified by the target leaf generally underlying table specifications of S.

Let C be a cursor and let CS be the <cursor specification> of C. The target leaf underlying tables of C are
the target leaf underlying tables of CS, and the target leaf generally underlying tables of C are the target
leaf generally underlying tables of CS.

Let V is a view and let HQE be the hierarchical <query expression> of V. The target leaf underlying tables
of V are the target leaf underlying tables of HQE, and the target leaf generally underlying tables of V are
the target leaf generally underlying tables of HQE.

4.17.9 Referenceable tables, subtables, and supertables

A table RTwhose row type is derived from a structured type ST is called a typed table. Only a base table
or a view can be a typed table. A typed table has columns corresponding, in name and declared type, to
every attribute of ST and one other column REFC that is the self-referencing column of RT; let REFCN be
the <columnname> ofREFC. The declared type ofREFC is necessarily REF(ST) and the nullability charac-
teristic of REFC is known not nullable. If RT is a base table, then the table constraint “UNIQUE(REFCN)”
is implicit in the definition of RT. A typed table is called a referenceable table. A self-referencing column
cannot be updated. Its value is determined during the insertion of a row into the referenceable table. The
valueof a system-generated self-referencing columnandaderived self-referencing column is automatically
generated when the row is inserted into the referenceable table. The value of a user-generated self-ref-
erencing column is supplied as part of the candidate row to be inserted into the referenceable table.
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A table Ta is a direct subtable of another table Tb if and only if the <table name> of Tb is contained in the
<subtable clause> contained in the <table definition> or <view definition> of Ta. Both Ta and Tb shall be
created on a structured type and the structured type of Ta shall be a direct subtype of the structured type
of Tb.

A table Ta is a subtable of a table Tb if and only if at least one of the following is true:

— Ta and Tb are the same named table;

— Ta is a direct subtable of Tb;

— There is a table Tc such that Ta is a direct subtable of Tc and Tc is a subtable of Tb.

A table T is considered to be one of its own subtables. Subtables of T other than T itself are called its
proper subtables. A table shall not have itself as a proper subtable.

A table Tb is called a supertable of a table Ta if Ta is a subtable of Tb. If Ta is a direct subtable of Tb, then
Tb is called a direct supertable of Ta. If Ta is a proper subtable of Tb, then Tb is called a proper supertable
of Ta. A table that is not a subtable of any other table is called amaximal supertable.

Let Ta be a maximal supertable and T be a subtable of Ta. The set of all subtables of Ta (which includes
Ta itself) is called the subtable family of T or (equivalently) of Ta. Every subtable family has exactly one
maximal supertable.

A leaf table is a table that does not have any proper subtables.

Those columns of a subtable Ta of a structured type STa that correspond to the inherited attributes of
STa are called inherited columns. Those columns ofTa that correspond to the originally-defined attributes
of STa are called originally-defined columns.

Let TB be a subtable of TA. Let SLA be the <value expression> sequence implied by the <select list> “*”
in the <query specification> “SELECT * FROM TA”. For every row RB in the value of TB there exists exactly
one rowRA in the valueofTA such thatRA is the result of the<rowsubquery> “SELECT SLAFROMVALUES
RRB”, where RRB is some <row value constructor> whose value is RB. RA is said to be the superrow in TA
of RB and RB is said to be the subrow in TB of RA. If TB is a proper subtable of TA, then RA is a proper
superrowofRB, andRB is a proper subrowofRA. IfTA is a base table, then theone-to-one correspondence
between superrowsand subrows is guaranteedby the requirement for a unique constraint to be specified
for some supertable of TA. If TA is a view, then such one-to-one correspondence is guaranteed by the
requirement for a unique constraint to be specified on the leaf generally underlying table of TA.

Users shall have the UNDER privilege on a table before they can use the table in a subtable definition. A
table canhavemore thanoneproper subtable. Similarly, a table canhavemore thanoneproper supertable.

4.17.10 Operations involving tables

Table values are operated on and returned by <query expression>s. The syntax of <query expression>
includes various internal operators that operate on table values and return table values. In particular,
every <query expression> effectively includes at least one <from clause>, which operates on one ormore
table values and returns a single table value. A table value operated on by a <from clause> is specified
by a <table reference>.

In a <table reference>, ONLY can be specified to exclude from the result rows that have subrows in proper
subtables of the referenced table.

In a <table reference>, <sample clause> can be specified to return a subset of result rows depending on
the <sample method> and <sample percentage>. If the <sample clause> contains <repeatable clause>,
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then repeated executions of that <table reference> return a result table with identical rows for a given
<repeat argument>, provided certain implementation-defined (IA200) conditions are satisfied.

A <table reference> that specifies a system-versioned table by default returns the current system rows.
A <query system time period specification> can be specified to return historical system rows.

Certain table updating operations, specified by SQL-data change statements, are available in connection
with effectively updatable tables and trigger updatable tables, subject to applicable Access Rules and
Conformance Rules. The value of an effectively updatable table T or a trigger updatable table T is
determinedby the result of themost recently executed SQL-data change statement (see Subclause 4.41.2,
“SQL-statements classified by function”) operating on T.

The effect of an SQL-data change statement on a base table is specified by the General Rules of
Subclause 15.8, “Effect of deleting rows from base tables”, Subclause 15.11, “Effect of inserting tables
into base tables”, and Subclause 15.14, “Effect of replacing rows in base tables”.

The effect of an SQL-data change statement on a derived table is specified by the General Rules of
Subclause 15.9, “Effect of deleting some rows from a derived table”, Subclause 15.12, “Effect of inserting
a table into a derived table”, and Subclause 15.15, “Effect of replacing some rows in a derived table”.

The effect of an SQL-data change statement on a viewed table is specified by the General Rules of
Subclause 15.10, “Effect of deleting some rows from a viewed table”, Subclause 15.13, “Effect of inserting
a table into a viewed table”, and Subclause 15.16, “Effect of replacing some rows in a viewed table”.

An SQL-data change statement on a base tableT has a primary effect (onT itself), zero ormore secondary
effects (not necessarily on T), and zero or more tertiary effects (not necessarily on T). If T is a system-
versioned table, then the effects are restricted to the subset of rows that correspond to current system
rows.

The primary effect of a <delete statement: positioned> on a regular base table T is to delete exactly one
specified row from T. The primary effect of a <delete statement: searched> on a regular base table T is
to delete zero or more rows from T.

The primary effect of a <delete statement: positioned> on a system-versioned tableT is to replace exactly
one specified row of Twith its system-time period end column value set to the transaction timestamp of
the SQL-transaction in which the <delete statement: positioned> executes.

The primary effect of a <delete statement: searched> on a system-versioned table T is to replace zero or
more rows of Twith their system-time period end column values set to the transaction timestamp of the
SQL-transaction in which the <delete statement: searched> executes.

The primary effect of a <truncate table statement> on a regular base table T is to delete all rows from T
without causing the execution of any trigger specified for T.

The primary effect of an <update statement: positioned> on a regular base table T is to replace exactly
one specified row in Twith some specified row. The primary effect of an <update statement: searched>
on a regular base table T is to replace zero or more rows in T.

The primary effect of an <update statement: positioned> on a system-versioned table T is to replace
exactly one specified row R in Twith some specified rowwith the system-time period start column value
set to the transaction timestampVT of the SQL-transaction inwhich that <update statement: positioned>
executes and the value of the system-time period end column is set to the greatest value supported by
the declared type of the system-time period end column, followed by the insertion of a copy of R before
the update, with the value of the system-time period end column set to VT.

Theprimary effect of an<update statement: searched>ona system-versioned tableT is, for each candidate
row R to be replaced, to replace Rwith some specified row with the system-time period start column
value set to the transaction timestamp VT of the SQL-transaction in which that <update statement:
searched>executes and thevalueof the system-timeperiodend columnset to the greatest value supported
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by the declared type of the system-timeperiod end column, followedby the insertion of a copy ofRbefore
the update, with the value of the system-time period end column set to VT.

The primary effect of an <insert statement> on a regular base table T is to insert into T each of the zero
or more rows contained in a specified table.

The primary effect of an <insert statement> on a system-versioned table T is to insert into T each of the
zero or more rows contained in a specified table with the value of the system-time period start column
set to the transaction timestamp of the SQL-transaction in which that <insert statement> executes and
the value of the system-time period end column set to the greatest value supported by the declared type
of the system-time period end column.

The primary effect of a <merge statement> on a regular base table T is to delete zero or more rows from
T and/or to replace zero or more rows in Twith specified rows and/or to insert into T zero or more
specified rows.

The primary effect of a <merge statement> on a system-versioned table T is to delete zero or more rows
in T as described in the 11th paragraph of this Subclause and/or to replace zero or more rows in Twith
specified rows as described in the 16th paragraph of this Subclause and/or to insert into T zero or more
specified rows as described in the 18th paragraph of this Subclause.

Each of the table updating operations, when applied to a base table T, can have various secondary and
tertiary effects. Such secondary and tertiary effects may include alteration or reversal of the primary
effect.

Secondary effects might arise from the existence of:

— Proper subtables andproper supertablesofT, whosevaluesmight be affectedbyupdatingoperations
on T.

— BEFORE row triggers specified for T, whichmight alter the values of columns in rows to be inserted
or replaced.

Tertiary effects might arise from the existence of:

— An application-time period of T, which may result in the insertion of up to two rows for each row
that is replaced or deleted. These inserted rows retain the information for the portion of a replaced
or deleted row that is outside the time period specified by the FOR PORTION OF clause.

— Cascaded operations specified in connection with integrity constraints of T, which might result in
secondary effects on tables referenced by such constraints.

— AFTER triggers specified for T, which might specify table updating operations on effectively
updatable tables other than T.

Columns that are identity columns and self-referencing columns that are system generated or derived
are overridable columns. The values of overridable columns can be generated automatically when a row
is inserted (using <insert statement> or a <merge insert specification> of a <merge statement>). It is
permitted that they are not changedwhen a row is updated (by <update statement: positioned>, <update
statement: searched>, or a <mergeupdate specification>of a <merge statement>). The<override clause>
may be used in <insert statement> or <merge insert specification>, with some restrictions found in the
Syntax Rules, to coerce the value of an overridable column to either a user-supplied value or a system-
generated value. OVERRIDINGUSERVALUE indicates that the values of overridable columns in the <insert
column list> are to be system-generated even if the SQL-statement provides an explicit value for such
columns. OVERRIDING SYSTEM VALUE indicates that the values assigned by the SQL-statement to the
overridable columns in the <insert column list> are to be used rather than the automatically generated
values. In the latter case, if the value assigned by the SQL-statement to an overridable column OC is
DEFAULT, or if the overridable column is not listed in the <insert column list>, then the system-generated
value is assigned to OC.
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NOTE35—Self-referencing columns that are user-generated and generated columns are not overridable columns. Identity
columns are overridable columns, even if theyhave an indication that they are generated always. In the latter case, “generated
always” is understood to mean “generated automatically unless OVERRIDING SYSTEM VALUE is specified”. One use of
OVERRIDING SYSTEM VALUE is replication, when overridable columns must be copied and not automatically generated.
System-time period columns are not overridable columns, though OVERRIDING USER VALUE can be specified with them.
In this case, the user-supplied values are overridden with system-generated ones.

4.17.11 Range variables

An operation involving a table Tmay define one or more range variables that ranges over rows of T, ref-
erencing each row in turn in an implementation-dependent (US052) order. Thus, each reference to a
range variable RV of T references exactly one row of T. T is said to be the table associated with RV.

A range variable is a <correlation name>, a <table name>, or a <query name>.

A range variable RV is declared by a BNF non-terminal BNF, such as a <from clause>, <table reference>,
<table factor>, or <table primary>. BNF is said to expose RV.

Every range variable has a scope. The scope of a range variable is the portion of an SQL-statement in
which the range variable is visible. Two range variables that are equivalent (as <identifier>s or <table
name>s) are nevertheless distinct if they have different scopes.

The primary use of a range variable RV is to qualify column names in <column reference>s and period
names in <period reference>s containedwithin the scope ofRV. Rowpattern variables are a kind of range
variable used only within <row pattern recognition clause>, where they are used to define row patterns,
andmay be used as an argument of <classifier function>, in addition to their use as qualifiers in <column
reference>s. Subclause 6.6, “<identifier chain>”, is responsible for determining the range variable that
qualifies a column name in a <column reference> or a period name in a <period reference>, as well as
disambiguating similar <period>-qualified BNF non-terminals.

Each range variable has an associated column list and an associated period list; these are the list of columns
(not necessarily all columns) and list of periods (not necessarily all periods), respectively, of the table
associated with that range variable. A range variable can appear as the qualifier in a <column reference>
only if the name of the column is included in the associated column list of that range variable. Similarly,
a range variable can appear as the qualifier in a <period reference> only if the name of the period is
included in the associated period list of that range variable.

The following BNF non-terminals define a single range variable:

— <delete statement: positioned>.
NOTE 36— The range variable defined by a <delete statement: positioned> has no scope and therefore can never
be used to qualify a column name.

— <delete statement: searched>.

— <update statement: positioned>.

— <update statement: searched>.

The following BNF non-terminals may define one or more range variables:

— <table primary>.

— <table factor>.

— <table reference>.

— <from clause>.

— <trigger definition>.

The following BNF non-terminals may define two or more range variables:
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— <joined table>.

— <merge statement>.

For a BNF non-terminal that defines a single range variable RV, the associated column list and the asso-
ciated period list of RV include every column and every period, respectively, of the table associated with
RV.

For a BNF non-terminal that definesmultiple range variables, excluding <trigger definition> and <merge
statement>, the associated column lists and the associated period lists of individual range variables are
mutually exclusive and exhaustive, so that every column and every period in the result table of that BNF
non-terminal has exactly one range variable thatmaybeused toqualify that columnorperiod, respectively.

4.17.12 Identity columns

The columns of a base table BT can optionally include not more than one identity column. The declared
type of an identity column is either an exact numeric type with scale 0 (zero), INTEGER for example, or
a distinct type whose source type is an exact numeric type with scale 0 (zero). An identity column has a
start value, an increment, amaximum value, aminimum value, and a cycle option. An identity column is
associated with an internal sequence generator SG. Let IC be the identity column of BT.

When a row R is presented for insertion into BT, if R does not contain a column corresponding to IC, then
the General Rules of Subclause 9.35, “Generation of the next value of a sequence generator”, are invoked
to create a value V. The value for IC is V. If R contains a column corresponding to IC and the <insert
statement> or the <merge statement> that inserts R specifies OVERRIDING SYSTEM VALUE, then the
value in R is assigned to IC. If R contains a column corresponding to IC and the <insert statement> or the
<merge statement> that inserts R specifies OVERRIDING USER VALUE, then the value in R is ignored and
IC is assigned V. The definition of an identity column may specify GENERATED ALWAYS or GENERATED
BY DEFAULT.

NOTE37—“Start value”, “increment”, “maximumvalue”, “minimumvalue”, and “cycle option” are defined in Subclause 4.29,
“Sequence generators”.

NOTE38—Thenotionof an internal sequencegeneratorbeingassociatedwithan identity column isusedonly fordefinitional
purposes in this document.

4.17.13 Base columns and generated columns

A column of a base table is either a base column or a generated column. A base column is one that is not
a generated column.A generated column is onewhose values are determinedby evaluationof ageneration
expression, a <value expression> whose declared type is by implication that of the column. A generation
expression can reference base columns of the base table to which it belongs but cannot otherwise access
SQL-data. Thus, the value of the field corresponding to a generated column in row R is determined by
the values of zero or more other fields of R.

A generated column GC depends on each column that is referenced by a <column reference> in its gener-
ation expression, and each such referenced column is a parametric column of GC.

4.17.14 Grouped tables

A grouped table is a set of groups derived during the evaluation of a <group by clause>. A group G is a
collection of rows in which, for every grouping column GC, if the value of GC in some row is not distinct
from GV, then the value of GC in every row is GV; moreover, if R1 is a row in group G1 of grouped table
GT and R2 is a row in GT such that for every grouping column GC the value of GC in R1 is not distinct from
the value of GC in R2, then R2 is in G1. Every row in GT is in exactly one group. A groupmay be considered
as a table. Set functions operate on groups.
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4.17.15 Windowed tables

A windowed table is a table together with one or more windows. A window is a transient data structure
associatedwith a<table expression>. Awindow is definedexplicitly by a<windowdefinition>or implicitly
by an <in-line window specification>. Implicitly defined windows have an implementation-dependent
(UV061) window name. A window is used to specify window partitions and window frames, which are
collections of rows used in the definition of <window function>s.

Every window defines a window partitioning of the rows of the <table expression>. The window parti-
tioning is specified by a list of columns. Window partitioning is similar to forming groups of a grouped
table. However, unlike grouped tables, each row is retained in the result of the <table expression>. The
window partition of a row R is the collection of rows R2 that are not distinct from R, for all columns enu-
merated in the window partitioning clause. The window partitioning clause is optional; if omitted, there
is a single window partition consisting of all the rows in the result.

If a <table expression> is grouped and also has a window, then there is a syntactic transformation that
segregates the grouping into a <derived table>, so that the window partitions consist of rows of the
<derived table> rather than groups of rows.

A windowmay define a window ordering of rows within each window partition defined by the window.
The window ordering of rows within window partitions is specified by a list of <value expression>s, fol-
lowed by ASC (for ascending order) or DESC (for descending order). In addition, NULLS FIRST or NULLS
LAST may be specified, to indicate whether a null value shall appear before or after all non-null values
in the ordered sequence of each <value expression>.

A window ordering group is a maximal set of rows in a window partition that are peers according to the
window ordering. Although the ordering of rows within a window ordering group is implementation-
dependent (US028), it is possible to totally order the window ordering groups of a window partition, as
follows: ifWOG1 andWOG2 are two window ordering groups contained in the same window partition
P, thenWOG1 precedesWOG2 if and only if some row ofWOG1 precedes some row ofWOG2.

Optionally, a windowmay define a window frame for each row R. A window frame is always defined rel-
ative to the current row. A window frame is specified by up to six syntactic elements:

— The choice of RANGE, to indicate a logical definition of the window frame by offsetting forward or
backward from the current row by an increment or decrement to the value of the <sort key>;
GROUPS, to indicate a logical definition of the window frame by counting forward or backward a
number of window ordering groups (as defined by the <sort key>s) from the window ordering
group containing the current row; or ROWS, to indicate a physical definition of the window frame,
by counting rows forward or backward from the current row.

— A starting row, which may be the first row of the window partition of R, the current row, or some
row determined by a logical or physical offset from the current row.

— An ending row, which may be the last row of the window partition of R, the current row, or some
row determined by a logical or physical offset from the current row.

— A <window frame exclusion>, indicating whether to exclude the current row and/or its peers (if
not already excluded by being prior to the starting row or after the ending row).

— A window row pattern recognition, which is specified by a <row pattern common syntax> and
(optionally) a <row pattern measures>.

A window is described by a window structure descriptor, including:

— The window name.

— Optionally, the ordering window name—that is, the name of another window, called the ordering
window, that is used to define the partitioning and ordering of the present window.
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— The window partitioning clause—that is, a <window partition clause> if any is specified in either
the present <window specification> or in the window descriptor of the ordering window.

— The window ordering clause—that is, a <window order clause> if any is specified in either the
present <window specification> or in the window descriptor of the ordering window.

— The window framing clause—that is, a <window frame clause>, if any.

In general, two <window function>s are computed independently, each one performing its own sort of
its data, even if they use the same data and the same <sort specification list>. Since sorts may specify
partial orderings, the computation of <window function>s is inevitably non-deterministic to the extent
that the ordering is not total. Nevertheless, the usermaydesire that two<window function>s be computed
using the sameordering, so that, for example, twomoving aggregatesmove through the rowsof a partition
in precisely the same order. Two <window function>s are computed using the same (possibly non-
deterministic) window ordering of the rows if and only if at least one of the following is true:

— The <window function>s identify the same window structure descriptor.

— The <window function>s’ window structure descriptors have window partitioning clauses that
enumerate the same number of column references, and those column references are pairwise
equivalent in their order of occurrence; and their window structure descriptors have window
ordering clauses with the same number of <sort key>s, and those <sort key>s are all column refer-
ences, and those column references are pairwise equivalent in their order of occurrence, and the
<sort specification>s pairwise specify or imply <collate clause>s that specify equivalent <collation
name>s, the same <ordering specification> (ASC or DESC), and the same <null ordering> (NULLS
FIRST or NULLS LAST).

— The window structure descriptor of one <window function> is the ordering window of the other
<window function>, or both window structure descriptors identify the same ordering window.

4.18 Data analysis operations
This Subclause is modified by Subclause 4.5, “Data analysis operations”, in ISO/IEC 9075-14.

4.18.1 Introduction to data analysis operations

A data analysis function is a function that returns a value derived from a number of rows in the result of
a <table expression>. A data analysis function may only be invoked as part of a <query specification>,
<select statement: single row>, or simple table query, and then only in certain contexts, identified below.
A data analysis function is one of:

— A group function, which is invoked on a grouped table and computes a grouping operation or an
aggregate function from a group of the grouped table.

— A window function, which is invoked on a windowed table and computes a value for each row of
the windowed table.

4.18.2 Group functions

A group function may only appear in the following:

— The <select list>, <having clause> or <window clause> of a <query specification> or a <select
statement: single row>.

— In a <row pattern measures> or <row pattern definition search condition>.

A group function is one of:

— The grouping operation.
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— A group aggregate function.

The grouping operation is of the form GROUPING(<column reference>). The result of such an invocation
is 1 (one) in the case of a row whose values are the results of aggregation over that <column reference>
during the execution of a grouped query containing CUBE, ROLLUP, or GROUPING SETS, and 0 (zero)
otherwise.

4.18.3 Window functions

A window function is a function whose result for a given row is derived from the window frame of that
rowasdefinedby awindowstructure descriptor of awindowed table.Window functionsmayonly appear
in the <select list> of a <query specification> or <select statement: single row>, or the <order by clause>
simply contained in a <query expression> that is a simple table query.

A window function is one of:

— A rank function.

— A distribution function.

— The row number function.

— A window aggregate function.

— The ntile function.

— The lead function.

— The lag function.

— The first-value function.

— The last-value function.

— The nth-value function.

— A row pattern measure function.

The rank functions compute the ordinal rank of a row Rwithin the window partition of R as defined by
a window structure descriptor, according to the window ordering of those rows, also specified by the
samewindowstructure descriptor. Rows that are not distinctwith respect to thewindoworderingwithin
their window partition are assigned the same rank. There are two variants, indicated by the keywords
RANK and DENSE_RANK.

— IfRANK is specified, then the rankof rowR is definedas1 (one)plus thenumberof rows that precede
R and are not peers of R.

NOTE 39— This implies that if two or more rows are not distinct with respect to the window ordering, then there
will be one or more gaps in the sequential rank numbering.

— If DENSE_RANK is specified, then the rank of row R is defined as the number of rows preceding and
including R that are distinct with respect to the window ordering.

NOTE 40— This implies that there are no gaps in the sequential rank numbering of rows in each window partition.

The distribution functions compute a relative rank of a row Rwithin the window partition of R defined
by awindow structure descriptor, expressed as an approximate numeric ratio between0.0 and 1.0. There
are two variants, indicated by the keywords PERCENT_RANK and CUME_DIST.

— If PERCENT_RANK is specified, then the relative rankof a rowR is definedas (RK−1)/(NR−1),where
RK is defined to be theRANKofR andNR is defined to be thenumber of rows in thewindowpartition
of R.
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— If CUME_DIST is specified, then the relative rank of a rowR is defined asNP/NR, whereNP is defined
to be the number of rows preceding or peerwith R in thewindow ordering of thewindow partition
of R and NR is defined to be the number of rows in the window partition of R.

The ROW_NUMBER function computes the sequential rownumber, startingwith 1 (one) for the first row,
of the row within its window partition according to the window ordering of the window.

The window aggregate functions compute an <aggregate function> (COUNT, SUM, AVG, etc.), the same
as a group aggregate function, except that the computation aggregates over the window frame of a row
rather than over a group of a grouped table. The hypothetical set functions are not permitted as window
aggregate functions.

Aggregated arguments of the <aggregate function> of a window aggregate functionWAFmay contain
<nested window function>s. There are two <nested window function>s: <nested row number function>
and <value_of expression at row>. Both <nested window function>s use <rowmarker>s, which are
keywords that denote specific rows. Let R be a particular row for which a <nested window function> is
to be evaluated; let F be thewindow frame determined byR, and let P be thewindowpartition containing
R. The <rowmarker>s are:

— BEGIN_PARTITION, the first row of P.

— BEGIN_FRAME, the first row of F.

— END_FRAME, the last row of F.

— END_PARTITION, the last row of P.

— CURRENT_ROW, the row R.

— FRAME_ROW, the row within F that varies from the first row to the last row of F during evaluation
ofWAF.

<nested row number function> returns the window partition row number of a <rowmarker>. (Rows
within a window partition are numbered sequentially starting with 1 (one) according to the window
ordering).

<value_of expression at row> evaluates a <value expression> on a row indicated by a <rowmarker>, plus
or minus an optional offset. If the combination of <row marker> plus or minus offset would lie outside
the window partition, the value of <value_of expression at row> is the value of an optional argument, or
the null value if this argument is omitted.

The ntile function takes a <simple value specification> or a <dynamic parameter specification> that
evaluates to an exact numeric value nwith scale 0 (zero) as an argument and computes an exact numeric
value with scale 0 (zero), ranging from 1 (one) to n, for each row Rwithin the window partition of R
defined by a window structure descriptor.

The leadand lag functions each take three arguments, a <value expression>VE, an<exact numeric literal>
OFFSET, and a <value expression> DEFAULT. For each row Rwithin the window partition P of R defined
by a window structure descriptor, the lag function returns the value of VE evaluated on a row that is
OFFSET number of rows before Rwithin P, and the lead function returns the value of VE evaluated on a
row that is OFFSET number of rows after Rwithin P. The value of DEFAULT is returned as the result if
there is no row corresponding to the OFFSET number of rows before Rwithin P (for the lag function) or
after Rwithin P (for the lead function). In addition, RESPECT NULLS or IGNORE NULLS can be specified
to indicatewhether the rowswithinP forwhichVE evaluates to the null value are preserved or eliminated.

The first-value and last-value functions take an arbitrary <value expression> VE as an argument and, for
each row R of a windowed table, return the value of VE evaluated on the first row of the window frame
of R (for the first-value function) or the last row of the window frame of R (for the last_value function)
definedby awindowstructure descriptor. In addition, RESPECTNULLSor IGNORENULLS canbe specified
to indicate whether the rows for which VE evaluates to the null value are preserved or eliminated.
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The nth-value function takes an arbitrary <value expression> VE and a <simple value specification> or
a <dynamic parameter specification> that evaluates to an exact numeric value nwith scale 0 (zero) as
arguments and, for each row R of a windowed table, returns the value of VE evaluated on the n-th row
from the first (if FROM FIRST is specified or implied) or the last (if FROM LAST is specified) row of the
window frame of R defined by a window structure descriptor. In addition, RESPECT NULLS or IGNORE
NULLS canbe specified to indicatewhether the rows forwhichVE evaluates to thenull value are preserved
or eliminated.

A row pattern measure function is specified by a <measure name>, whose value is specified by a <row
pattern measure expression>. See Subclause 4.18.5, “Row pattern measures”.

4.18.4 Aggregate functions

This Subclause is modified by Subclause 4.5.1, “Aggregate functions”, in ISO/IEC 9075-14.

An aggregate function is a function whose result is derived from an aggregation of rows defined by one
of:

— The grouping of a grouped table, inwhich case the aggregate function is a group aggregate function,
or set function, and for each group there is one aggregation, which includes every row in the group.

— The window frame of a row R of a windowed table relative to a particular window structure
descriptor, inwhich case the aggregate function is awindowaggregate function, and the aggregation
consists of every row in the window frame of R, as defined by the window structure descriptor.

— Row pattern matching (either in <row pattern recognition clause> or <window clause>), in which
case the aggregation is performed over a set of rows identified by a row pattern variable in a row
pattern match.

Optionally, the collection of rows in an aggregationmay be filtered, retaining only those rows that satisfy
a <search condition> that is specified by a <filter clause>.

The result of the aggregate function COUNT (*) is the number of rows in the aggregation.

Every other aggregate function may be classified as a unary group aggregate function, a binary group
aggregate function, an inverse distribution, a hypothetical set function, or a JSON aggregate function.

Every unary aggregate function takes an arbitrary <value expression> as the argument; most unary
aggregate functions canoptionally bequalifiedwith eitherDISTINCTorALL.Of the rows in the aggregation,
the following are removed from the rows that qualify:

— If DISTINCT is specified, then redundant duplicates.

— Every row in which the <value expression> evaluates to the null value.

If no row qualifies, then the result of COUNT is 0 (zero), and the result of any other aggregate function is
the null value.

14Otherwise (i.e., at least one row qualifies), the result of the aggregate function is:

— If COUNT <value expression> is specified, then the number of rows that qualify.

— If SUM is specified, then the sum of <value expression> evaluated for each row that qualifies.

— If AVG is specified, then the average of <value expression> evaluated for each row that qualifies.

— If MAX is specified, then the maximum value of <value expression> evaluated for each row that
qualifies.

— If MIN is specified, then the minimum value of <value expression> evaluated for each row that
qualifies.
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— If EVERY is specified, then True if the <value expression> evaluates to True for every row that
qualifies; otherwise, False.

— If ANY or SOME is specified, then True if the <value expression> evaluates to True for at least one
row that qualifies; otherwise, False.

— If VAR_POP is specified, then the population variance of <value expression> evaluated for each row
that qualifies, defined as the sum of squares of the difference of <value expression> from the mean
of <value expression>, divided by the number of rows that qualify.

— If VAR_SAMP is specified, then the sample variance of <value expression> evaluated for each row
that qualifies, defined as the sum of squares of the difference of <value expression> from the mean
of <value expression>, divided by the number of rows that qualify minus 1 (one).

— If STDDEV_POP is specified, then thepopulation standarddeviation of <value expression> evaluated
for each row that qualifies, defined as the square root of the population variance.

— If STDDEV_SAMP is specified, then the sample standard deviation of <value expression> evaluated
for each row that qualifies, defined as the square root of the sample variance.

— IfARRAY_AGG is specified, then an array valuewith one element formed from the<value expression>
evaluated for each row that qualifies.

— If LISTAGG is specified, then a character string value that is the concatenation of the <character
value expression> evaluated for each row that qualifies.

— If ANY_VALUE is specified, then the <value expression> is evaluated for an implementation-
dependent (UV062) row that qualifies.

Neither DISTINCT nor ALL are allowed to be specified for VAR_POP, VAR_SAMP, STDDEV_POP, or
STDDEV_SAMP; redundant duplicates are not removed from the rows that qualifywhen computing these
functions.

The binary aggregate functions take a pair of arguments, the <dependent variable expression> and the
<independent variable expression>, which are both <numeric value expression>s. Any row in which
either argument evaluates to the null value is removed from the rows that qualify. If there are no rows
that qualify, then the result of REGR_COUNT is 0 (zero), and the other binary aggregate functions result
in the null value. Otherwise, the computation concludes and the result is:

— If REGR_COUNT is specified, then the number of rows remaining in the group.

— If COVAR_POP is specified, then the population covariance, defined as the sum of products of the
difference of <independent variable expression> from its mean times the difference of <dependent
variable expression> from its mean, divided by the number of rows that qualify.

— If COVAR_SAMP is specified, then the sample covariance, defined as the sum of products of the dif-
ference of <independent variable expression> from its mean times the difference of <dependent
variable expression> from its mean, divided by the number of rows that qualify minus 1 (one).

— If CORR is specified, then the correlation coefficient, definedas the ratio of the population covariance
divided by the product of the population standard deviation of <independent variable expression>
and the population standard deviation of <dependent variable expression>.

— If REGR_R2 is specified, then the square of the correlation coefficient.

— If REGR_SLOPE is specified, then the slope of the least-squares-fit linear equation determined by
the (<independent variable expression>, <dependent variable expression>) pairs.

— If REGR_INTERCEPT is specified, then the y-intercept of the least-squares-fit linear equation
determined by the (<independent variable expression>, <dependent variable expression>) pairs.
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— If REGR_SXX is specified, then the sum of squares of <independent variable expression>.

— If REGR_SYY is specified, then the sum of squares of <dependent variable expression>.

— If REGR_SXY is specified, then the sum of products of <independent variable expression> times
<dependent variable expression>.

— If REGR_AVGX is specified, then the average of <independent variable expression>.

— If REGR_AVGY is specified, then the average of <dependent variable expression>.

There are two inverse distribution functions, PERCENTILE_CONT and PERCENTILE_DISC. Both inverse
distribution functions specify anargument andanorderingof a valueexpression.Thevalueof theargument
shall be between 0 (zero) and 1 (one) inclusive. The value expression is evaluated for each row that
qualifies, nulls are discarded, and the remaining rows are ordered. The computation concludes:

— If PERCENTILE_CONT is specified, by considering the pair of consecutive rows that are indicated
by the argument, treated as a fraction of the total number of rows that qualify, and interpolating
the value of the value expression evaluated for these rows.

— If PERCENTILE_DISC is specified, by treating the collectionof rows that qualify as awindowpartition
of the CUME_DIST window function, using the specified ordering of the value expression as the
window ordering, and returning the first value expression whose cumulative distribution value is
greater than or equal to the argument.

Thehypothetical set functions are related to thewindow functionsRANK,DENSE_RANK, PERCENT_RANK,
andCUME_DIST, anduse the samenames, thoughwithadifferent syntax. These functions takeanargument
A and an ordering of a value expression VE. VE is evaluated for all rows that qualify. This collection of
values is augmentedwithA; the resulting collection is treated as awindowpartition of the corresponding
window function whose window ordering is the ordering of the value expression. The result of the
hypothetical set function is the value of the eponymous window function for the hypothetical “row” that
contributes A to the collection.

The JSON aggregate functions transform information in rows of SQL tables into JSON objects
(JSON_OBJECTAGG) and JSON arrays (JSON_ARRAYAGG).

4.18.5 Row pattern measures

A row pattern measure is a named scalar expression whose value is computed based on a match found
by row pattern recognition. A row pattern measure is accessed using a row pattern measure column (if
row pattern recognition is performed using <row pattern recognition clause>) or a row patternmeasure
function (if row pattern recognition is performed using a window). Row pattern measures are specified
by <row pattern measure definition>s contained in a <row pattern measures>. Each <row pattern
measure definition> defines a row patternmeasure, with a <measure name>whose value is specified by
a corresponding <row pattern measure expression>. A <row pattern measure expression> is a <value
expression>, whichmay contain, for example, <set function specification>s and column references to any
columnof the rowpattern input table. Rowpatternmeasuresmay also use the following special functions:

— <row pattern navigation operation>, which can evaluate expressions by navigating to other rows
in the row pattern partition by logical and/or physical offsets.

— <classifier function>, which returns a character string that is equivalent to the name of the primary
row pattern variable that matches a row of a retained row pattern match.

— <matchnumber function>,which returns the sequential number of the current retained rowpattern
matchwithin its rowpatternpartition. (<matchnumber function> is not availablewhenperforming
row pattern matching within a window.)
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4.19 Row pattern matching

4.19.1 Introduction to row pattern matching

Business process applications are composedof complex sequences of possiblymany events. For example:

— Security applicationsmust be able to identify unusual behaviors thatmay comprise efforts to defeat
a system’s security.

— Financial applications require the ability to detect fraud in, for example, stock trades.

— Material handling and shipping applications are expected to track material and packages through
all possible valid paths.

In modern information systems technology, a regular expression is typically used to represent patterns
for searching character strings and a variety of similar purposes. A form of regular expression can be
used to detect patterns in rows of a table that is ordered in some manner (often sequentially by time of
row creation).

Regular expressions are used to specify patterns of interest; the ordered rows of partitions of the row
pattern input table are scanned to discover whether the patterns exist and, if so, to retrieve detailed or
aggregated information contained in the rows thatmatch certain components of thepattern. Rowpattern
variables defined as part of the regular expressions are used to reference those rows that match the
components of the pattern represented by the row pattern variables, a special kind of range variable.

Columns of the rows referenced by each row pattern variable in a row pattern can be used in ordinary
value expressionswhose values canbe returned in the rowpattern output table upon successfulmatching
of that pattern.

Rowpattern recognitionmay be specified either in the <from clause> using the <rowpattern recognition
clause>, or in a window definition. This Subclause describes the syntax and semantics of <row pattern
recognition clause>. Row pattern recognition using a window definition has much the same syntax, only
embedded within a <window definition>. The shared syntax generally has the same semantics in either
<rowpattern recognition clause>or<windowdefinition>. Rowpattern recognition inwindows is treated
specifically in Subclause 4.17.15, “Windowed tables”, and Subclause 4.18.3, “Window functions”.

4.19.2 Matching rows with a pattern

The process of row pattern matching operates on an ordinary table (a base table, a view, or a derived
table produced as an intermediate result during query processing), called the row pattern input table,
and produces another (derived) table, called the row pattern output table. In this, it may be considered
analogous to various components of <table expression>s. Because multiple tables that are joined in a
<from clause> can be the subject of rowpatternmatching, the syntax that specifies rowpatternmatching
is an optional clause available for use on most of the alternatives of <table primary>.

Row pattern recognition is specified through the use of the <row pattern recognition clause>. Although
the process of using row patterns to match rows of a table has several optional steps, some of which
complicate the process significantly, the basic process is relatively straightforward:

— If specified (<row pattern partition by>), the row pattern input table is partitioned based on the
values of the column or columns specified as row pattern partitioning columns; each row pattern
partition has equal (more precisely, non-distinct) values of the row pattern partitioning column or
columns in all of its rows. If not specified, the row pattern input table is considered to have only
one row pattern partition.

— If specified (<row pattern order by>), each row pattern partition is ordered based on the values of
the column references simply contained in the <row pattern order by>; such ordering may be spe-
cified to be ascending or descending on a column-by-column basis (as cursor ordering is done). If
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not specified, then the ordering of rows in each rowpattern partition is implementation-dependent
(US029).

NOTE 41— Failure to order row pattern partitions decreases the likelihood that queries involving row pattern
matching will behave the same in different SQL-implementations, and possibly from query execution to query exe-
cution on a given SQL-implementation.

— Rows of the ordered or unordered, partitioned or not partitioned table are inspected for potential
matches to the specifiedrowpattern (<rowpattern>). The specificationdoesnotdefineanautomaton
capable of analyzing and classifying each row sequentially and independently of other rows; never-
theless, many elementary applications can be understood as implemented by such an automaton
(especially if the predicates that define adjacent row pattern variables are mutually exclusive), as
follows:

• The inspection scans each row pattern partition to find a row that meets the criteria of the
first element (<row pattern term>, <row pattern factor>, <row pattern primary>, asmodified
by <rowpattern quantifier>)) of the rowpattern; if that element requires or allows additional
consecutive rows that match those criteria, those rows are identified by scanning further in
the partition.

• When a sequence of rows have been matched to the first element of the row pattern, those
rows are associated with a <row pattern variable name> that is specified as part of the row
pattern. Those rows are called pattern-matched rows and the <row pattern variable name>
is called the associated row pattern variable name.

NOTE 42— That <row pattern variable name> is used as a <correlation name> to qualify the names of the
columns of those rows. See the Syntax Rules of Subclause 6.6, “<identifier chain>”.

• When there are nomore matches to the first element of the row pattern, or that first element
has been fully satisfied, the scan continues using the next element of the row pattern.

• That process continues until the row pattern has been fully satisfied by rowmatches in the
row pattern partition, in which case a row pattern match is identified.

• If there is no row patternmatch beginning at a particular row of a row pattern partition, then
a row pattern match beginning at the next row of the row pattern partition is sought. When
a row pattern match is successfully identified, then scanning continues at a row specified by
<row pattern skip to>.

— When all rows of all row pattern partitions have been inspected, the row pattern output table is
generated. The associated row pattern variable names specified in the row pattern are (if any
matching rows were found for the corresponding component of the row pattern) associated with
sequences of matched rows. Rows of the row pattern output table are generated by specifying one
or more row pattern measure columns (<row pattern measure definition>s) whose values are
derived from the values of columns in the matched rows corresponding to one or more of the
associated row pattern variable names.

Additional optional syntax (<row pattern rows per match>) specifies whether a single row is generated
in the row pattern output table for all rows of the table corresponding to a row pattern match of the row
pattern (ONE ROWPERMATCH), or a row is generated for each row that is matched by some component
of the rowpattern (ALLROWSPERMATCH). In the former case, the sequence ofmatching rows is treated
similarly to the collection of rows created by the <group by clause>; that is, only row pattern partitioning
columns and row pattern measure columns are columns of the row pattern output table. In the latter
case, all columns of the row pattern input table, as well as row pattern measure columns, are columns
of the row pattern output table.

4.19.3 Row pattern matching illustrated

Suppose it is necessary to examine a table containing the identifier of a particular stock, the time atwhich
trades of shares of that stockwere performed, and the price atwhich such trades tookplace. The business
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goal is to identify sequences of trades that involve a trade as some (unspecified) price, followed by one
or more trades at declining prices, followed by one or more trades at increasing prices, the last one or
more of which are greater than the price of the initial trade. The business requirement is to identify the
time and price of the first trade in the sequence that matches the pattern, the time at which the decline
in prices finished and prices started to rise along with the lowest price, and the time and price of the last
trade matched by the pattern.

For example, that pattern describes a trading day during which the stock of XYZ Corp. began the day at
a price of $100/share, then steadily fell throughout the morning until it hit a price of $50/share at noon,
after which the price rose throughout the afternoon until it hit a peak of $150/share at 15:00 and then
began to decline again. The information to be returned would be 10:00 (starting time), $100 (starting
price), 12:00 (timeof turnaround), $50 (lowest price), 15:00 (time atwhich the share pricewas no longer
rising), and $150 (final price).

A row pattern matching query that solves that particular problem is illustrated here:

SELECT a_symbol,      /* stock symbol */
       a_tstamp,      /* start time */
       a_price,       /* start price */
       max_c_tstamp,  /* inflection time */
       last_c_price,  /* lowest price */
       max_f_tstamp,  /* end time */
       last_f_price,  /* end price */
       matchno
FROM stock_ticker
MATCH_RECOGNIZE (
PARTITION BY symbol
ORDER BY tstamp
MEASURES A.symbol        AS a_symbol,

           A.tstamp        AS a_tstamp,
           A.price         AS a_price,

MAX(C.tstamp)   AS max_c_tstamp,
LAST(C.price)   AS last_c_price,
MAX(F.tstamp)   AS max_f_tstamp,
LAST(F.price)   AS last_f_price,
MATCH_NUMBER () AS matchno

ONE ROW PER MATCH
AFTER MATCH SKIP PAST LAST ROW
PATTERN ( A B C* D E* F+ )
DEFINE /* A is unspecified, defaults to TRUE, matches any row */

         B AS (B.price < PREV (B.price)),
         C AS (C.price <= PREV (C.price)),
         D AS (D.price > PREV (D.price)),
         E AS (E.price >= PREV (E.price)),
         F AS (F.price >= PREV (F.price)

AND F.price > A.price)) AS T

Figure 3, “Illustration of important concepts in example query”, illustrates the concepts used in that
query.
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XYZ 10:00 100.00
XMP 10:15 12.67
XYZ 10:30 98.00
LQS 10:45 1.23
XMP 11:00 12.92
XYZ 11:15 75.50
XYZ 11:30 61.00
XYZ 12:00 50.00
LQS 12:15 1.00
XMP 12:30 37.00
LQS 12:45 1.01
LQS 13:00 1.15
XYZ 13:15 64.00
XYZ 13:30 78.25
XYZ 13:45 84.00
XMP 14:00 45.00
XYZ 14:15 103.00
MOM 14:30 22.48
XYZ 14:45 121.00
LQS 15:00 1.97
XYX 15:00 150.00
XYZ 15:15 148.50

Starting time and price

Ending time and price

Lowest price and time

A

B

C

D
E

F

Figure 3— Illustration of important concepts in example query

When evaluation of the <row pattern recognition clause> is complete for the row pattern partition con-
taining the symbol “XYZ”, a table having a single row of eight columns is returned. The single-row result
is caused by the use of ONE ROW PER MATCH in the example query. The value of that row is shown in
Table 8, “Result with ONE ROW PER MATCH”.

Table 8— Result with ONE ROW PERMATCH

matchnolast_f_pricemax_f_tstamplast_c_pricemax_c_tstampa_pricea_tstampa_symbol

1150.0015:0050.0012:00100.0010:00XYZ

Consider this variation of the sample query with changes highlighted by underscoring:

SELECT T.symbol,       /* row's symbol */
T.tstamp,       /* row's timestamp */
T.price,        /* row's price */
T.classy,       /* row's classifier */
T.matchno,      /* sequential row number within partition */
T.a_tstamp,     /* start time */

       T.a_price,      /* start price */
       T.max_c_tstamp, /* inflection time */
       T.last_c_price, /* low price */
       T.max_f_tstamp, /* end time */
       T.last_f_price, /* end price */
       T.matchno
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FROM ticker MATCH_RECOGNIZE (
PARTITION BY symbol
ORDER BY tstamp
MEASURES A.symbol AS a_symbol,

                       A.tstamp        AS a_tstamp,
                       A.price         AS a_price,

MAX (C.tstamp)  AS max_c_tstamp,
LAST (C.price)  AS last_c_price,
MAX (F.tstamp)  AS max_f_tstamp,
LAST (F.price)  AS max_f_price,
MATCH_NUMBER () AS matchno,
CLASSIFIER ()   AS classy

ALL ROWS PER MATCH
AFTER MATCH SKIP PAST LAST ROW
PATTERN (A B C* D E* F+)
DEFINE /* A defaults to True, matches any row */

                B AS (B.price < PREV(B.price)),
                C AS (C.price <= PREV(C.price)),
                D AS (D.Price > PREV(D.price)),
                E AS (E.Price >= PREV(E.Price)),
                F AS (F.Price >= PREV(F.price)

AND F.price > A.price)) AS T

The result of that query is a table, shown in Table 9, “Result with ALL ROWS PER MATCH”, having 11
rows created for the row pattern partition containing the symbol “XYZ”.

Table 9— Result with ALL ROWS PERMATCH

last_f_
price

max_f_
tstamp

last_c_
price

max_c_
tstamp

a_pricea_
tstamp

match-
no

classypricetstampsymbol

150.0015:0050.0012:00100.0010:001A100.0010:00XYZ

150.0015:0050.0012:00100.0010:001B98.0010:30XYZ

150.0015:0050.0012:00100.0010:001C75.5011:15XYZ

150.0015:0050.0012:00100.0010:001C61.0011:30XYZ

150.0015:0050.0012:00100.0010:001C50.0012:00XYZ

150.0015:0050.0012:00100.0010:001D64.0013:15XYZ

150.0015:0050.0012:00100.0010:001E78.2513:30XYZ

150.0015:0050.0012:00100.0010:001E84.0013:45XYZ

150.0015:0050.0012:00100.0010:001F103.0014:15XYZ

150.0015:0050.0012:00100.0010:001F121.0014:45XYZ

150.0015:0050.0012:00100.0010:001F150.0015:00XYZ

In the preceding table, the value of matchno in every row is 1 (one), because the collection of 11 rows
collectively constitutes a single match of the pattern. If there were a subsequent match in the same row
pattern partition, then the value of matchno in every row occasioned by that match would be 2. Matches
in other row pattern partitions would be numbered starting from 1 (one) in each row pattern partition.

82 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
4.19 Row pattern matching

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


4.19.4 Row pattern partitioning

When a <row pattern recognition clause> contains a <row pattern partition by>, the rows of the row
pattern input table are partitioned into one or more groups, or row pattern partitions. In each of those
row pattern partitions, the values of the set of row pattern partitioning columns are not distinct in all
rows of the partition (i.e., “equal” with an extension that considers two null values to be equal).

If no <row pattern partition by> is specified, then all rows of the row pattern input table are in a single
row pattern partition.

NOTE 43—The syntax and semantics of <row pattern partition by> are the same as the syntax and semantics of <window
partition clause>.

4.19.5 Row ordering

Whena<rowpattern recognition clause> contains a <rowpattern order by>, the rowsof each rowpattern
partition are ordered by the values of the column references simply contained in the <row pattern order
by>.

If no <row pattern order by> is specified, or if the ordering specified by <row pattern order by> does not
determine the relative order of two ormore rows in the row pattern partition, then the ordering of those
rows is implementation-dependent (US029).

NOTE 44— The syntax and semantics of <row pattern order by> are the same as the syntax and semantics of <order by
clause>.

NOTE 45— The syntax of <row pattern recognition clause> makes the <row pattern order by> optional. In practice, very
few applications will omit <row pattern order by>.

4.19.6 Row pattern measure columns

Whena<rowpattern recognitionclause>containsa<rowpatternmeasures>, that<rowpatternmeasures>
defines “exported” columns that are specified by expressions over the <row pattern variable name>s
defined in the <row pattern>. Those columns are known as row pattern measure columns.

4.19.7 Number of rows per match

The <row pattern recognition clause> supports row pattern matching that returns one row per match.
When <row pattern rows per match> specifies ONE ROW PER MATCH (which is the default when <row
pattern rows permatch> is not specified), a single row is returned after completion of amatch, including
any empty matches. Columns of that row are referenced by column names that are specified by <row
pattern partition by> and <row pattern measures>.

When <row pattern rows per match> specifies ALL ROWS PER MATCH, for each row identified by each
row pattern match, a row is returned. Columns of that row are referenced by column names that are
specified by <rowpattern partition by> and <rowpatternmeasures>, and by column names that identify
columns of the row pattern input table.

With ALL ROWS PER MATCH, it is optional whether an empty row pattern match creates a row in the
row pattern output table. If SHOW EMPTY MATCHES is specified, then each empty row pattern match
generates one row in the row pattern output table. Columns of the row pattern output table that are
derived from the rowpattern input table (such as rowpatternpartitioning columnsor ordering columns)
show the values of the row of the row pattern input table at which the empty match occurred. If WITH
UNMATCHEDROWS is specified, theneachempty rowpatternmatch generates one row in the rowpattern
output table (as if SHOW EMPTY MATCHES had been specified) and any row of the row pattern input
table that is neither the starting row of an empty row pattern match, nor mapped by a non-empty row
pattern match, generates one row in the row pattern output table in which each row pattern measure
column is the null value. If OMIT EMPTY MATCHES is specified, then empty row pattern matches do not
generate a row in the row pattern output table. The default is SHOW EMPTY MATCHES.
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4.19.8 Skipping rows after matching

Once a rowpatternmatchhas beenmade, rowpatternmatching continues searchingwithin a rowpattern
partition for additional matches (until every row pattern partition has been processed). After an empty
match is detected, row pattern matching skips one row before looking for another match. Otherwise,
row pattern matching can continue at any of four places within a row pattern partition, as specified in
the optional <row pattern skip to> component of <row pattern recognition clause>:

— At the row immediately following the first row of the current match.

— At the row immediately following the last row of the current match.

— At the first row of the group of rows matched by a row pattern variable.

— At the last row of the group of rows matched by a row pattern variable.

If the skip is to the first row of the match, or if the skip is to a row pattern variable that did not match,
then an exception condition is raised.

4.20 Row patterns
Theheart of rowpattern recognition is the rowpattern itself. A rowpattern is a formof regular expression
in which the items for which matches are sought are not characters, sequences of characters, ranges of
characters, and the like. Instead, the items forwhichmatches are sought are expressed in termsof primary
rowpattern variables, eachofwhich represents aBoolean condition (see Subclause4.22, “DefiningBoolean
conditions”) that may, for example, express a condition about a single row, the relationship between
pairs of rows in the row pattern input table, or the relationship between sets of rows in the row pattern
input table through the use of aggregates.

The regular expressions used in row pattern matching are very similar to those used in character string
pattern matching. For example:

— Concatenation: indicated by the absence of any operator sign between two successive items in a
pattern.

— Quantifiers: quantifiers are postfix operators with the following choices:

• *— zero (0) or more matches

• +—one (1) or more matches

• ?—nomatch or one (1) match, optional

• { n }—exactly nmatches

• { n, }— n or more matches

• { n, m }—between n andm (inclusive) matches

• { , m }—between zero (0) andm (inclusive) matches

— Reluctant quantifiers: indicated by an additional question mark (e.g., *?, +?, ??, { n, m }? ).
Reluctant quantifiers try tomatch as few rows as possible,whereas non-reluctant quantifiers (greedy
quantifiers) try to match as many rows as possible. More precisely, with both reluctant and greedy
quantifiers, the set ofmatches is ordered lexicographically, butwhenonematch is an initial substring
of another match, reluctant quantifiers prefer the shorter match (the substring), whereas greedy
quantifiers prefer the longer match (the “superstring”).

NOTE 46— For example, given the pattern (A|B){1,2}with a greedy quantifier, the possible matches in order of
decreasing preferment are:

A A
A B
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A
B A
B B
B

Given the pattern (A|B){1,2}?with a reluctant quantifier, the possible matches in order of decreasing preferment
are:

A
A A
A B
B
B A
B B

— {- ... -}: indicates that matching rows are to be excluded from the output. (This is useful only if
ALL ROW PER MATCH is specified.)

— Alternation: indicated by a vertical bar “ | ”.

— Grouping: indicated by parentheses

— ^: indicates the start of a row pattern partition

— $: indicates the end of a row pattern partition

The row pattern implicitly defines the primary row pattern variables, which are assigned meaning
(Boolean conditions) in a subsequent clause of the <row pattern common syntax>.

4.21 Unions of row pattern variables
The optional <row pattern subset clause> component of <row pattern recognition clause> is used to
define additional union row pattern variables that represent unions of the rows matched to the primary
row pattern variables defined in the row pattern proper.

4.22 Defining Boolean conditions
The Boolean conditions used to define what rows are matched to specific parts of a row pattern are
associatedwith primary row pattern variables. One ormore primary row pattern variables are specified
using syntax that requires the name of each primary row pattern variable and the Boolean condition
associated with that primary row pattern variable. Each Boolean condition is expressed in terms of
primary and union row pattern variables. The Boolean condition associated with a particular primary
row pattern variable can reference the primary row pattern variable with which it is associated as well
as other primary and union row pattern variables.

More precisely, each row pattern variable is used as a kind of qualifier (i.e., as a kind of <correlation
name>) for the names of columns of the rowpattern input table. TheBoolean conditions are then defined
as comparisons or other predicates of the values of columns in rows of the row pattern input table, the
specific rows being used for the comparisons determined by the rows referenced by each row pattern
variable.

NOTE 47— Suppose a table whose name is T has three columns whose names are C1, C2, and C3, respectively. A Boolean
condition associated with a row pattern variable whose name is V1 can reference the values of those columns using a
notation like this one: “V1.C1”. Some other Boolean condition associated with a row pattern variable whose name is V2 can
reference the values of those columns with either “V1.C1” or “V2.C1”. The values represented as “V1.C1” are those in rows
matched by the Boolean condition associated with V1 and those represented as “V2.C1” are those in rows matched by the
Boolean condition associated with V2.

Rowpatternsmayuse thenamesof primary rowpattern variables that are not defined in the<rowpattern
definition list>. Such primary row pattern variables always evaluate to True and thuswill match any row.

Consider the following row pattern and Boolean condition definitions:

PATTERN ( A B* C+ D+ )
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DEFINE
  A AS A.price > 100,
  B AS B.price > A.price,
  C AS C.price < AVG (B.price),
  D AS D.price > PREV(D.price)

The primary row pattern variable named A identifies a single row − which might be any row whose
column named price has a value that is greater than 100. The primary row pattern variable named B
identifies zero or more rows (which, in view of the row pattern, must be consecutive rows immediately
following the single row identified by the primary row pattern variable named A), all of whose price
column have values greater than the value of the price column associated with primary row pattern
variable A.

Because B represents possibly many rows, the definition of C references aggregates of the columns of the
rows identified by B. In this example, Cwill match all rows immediately following those identified by B
that all have values of the price column that are less than the average of the values of the price column
in the rows identified by B.

Finally, the definition of D illustrates how a primary row pattern variable can be defined in terms of itself.
In this case, D represents all rows immediately following the last row represented by Cwhose price
column’s value is greater than the previous row’s price column’s value. (PREV is a function that is used
to access the values of the previous row of the row pattern partition.)

4.23 Scalar expressions in row pattern matching

4.23.1 Introduction to scalars in row pattern matching

There are two contexts in which a scalar expression may appear in row pattern matching:

— In the <row pattern measure expression> that defines a row pattern measure.

— In a <row pattern definition search condition> that defines a primary row pattern variable.

In addition to the scalar expression syntax specified in Clause 6, “Scalar expressions”, this document
specifies three kinds of scalar expression that are only available in row pattern matching:

— <row pattern navigation operation>

— <classifier function>

— <match number function>

4.23.2 Running vs. final semantics

There are two semantics for scalar expressionswithin rowpatternmatching, knownas running semantics
and final semantics. These two semantics govern expression evaluation when a collection of rows is
required, namely, aggregate functions and the rowpatternnavigationoperationsFIRSTandLAST. Running
semantics is the default, and may be indicated by the optional keyword RUNNING. Final semantics is
indicated by the keyword FINAL.

Under running semantics, the collection of rows for the aggregation, FIRST, or LAST operation consists
of the rows that are mapped to a specified row pattern variable, up to and including the current row.
Under final semantics, the group of rows consists of all rows that are mapped to a specified row pattern
variable. Final semantics are the same as running semantics when positioned on the last row of a row
pattern match.

Running semantics is the only semantics supported in a <row pattern definition search condition>. As
formeasures, if row patternmatching is performed in awindow, or if ONE ROWPERMATCH is specified,
then expression evaluation is performed in the last row of the row pattern match, so that running and
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final semantics are the same. If row pattern matching is performed using ALL ROWS PER MATCH, then
there is a meaningful choice between running and final semantics for measures.

4.23.3 Row pattern navigation operations

<rowpatternnavigationoperation>evaluates a <value expression>VE in a rowNR, whichmaybedifferent
than the current row CR. The navigated row NR is specified by a physical and/or a logical offset from CR.
The physical and logical offsets are non-negative integers.

VEmust specify or imply exactly one row pattern variable RPV. The row pattern variable can be specified
or implied by either the qualifier of column reference(s) or the argument of <classifier function>(s).

FIRST and LAST are row pattern navigation operations that navigate by a logical offset. The collection of
rows that aremapped to RPV is identified (when using running semantics, only rows up to and including
the current roware identified). FIRST locates a rowwithin this collectionbyoffsetting from thebeginning
of the collection in the row pattern ordering, whereas LAST offsets from the end of the collection.

PREV and NEXT are row pattern navigation operations that navigate by a physical offset. It is permitted
to nest FIRST or LAST within PREV or NEXT. If such nesting is not specified, then RUNNING LAST is
implicit.

Given such nesting, PREV and NEXT start at the row identified by the nested FIRST or LAST operation.
PREVoffsets from that identified row to a prior row in the partition according to the rowpattern ordering,
whereas NEXT offsets to a later row in the partition.

After identifying the navigated row NR, <row pattern navigation operation> evaluates VE as if RPVwere
bound to that row. The result is the null value if there is no such row.

4.23.4 Row pattern classifier function

<classifier function> is a function that returns a character string value equivalent to a primary rowpattern
variable name. <classifier function> has one optional argument, a row pattern variable. If omitted, the
universal row pattern variable is the default.

NOTE 48— For an example of <classifier function>, see the second example of a row pattern match query (the one using
ALL ROWS PER MATCH) in Subclause 4.19.3, “Row pattern matching illustrated”.

4.23.5 Row pattern match number function

<match number function> is a nullary function that returns an integer value that specifies the ordinal
position of a row patternmatch in a row pattern partition, according to the ordering of the starting rows
of row patternmatches using the row pattern ordering. <match number function> is not available to row
pattern matching in windows.

4.24 Determinism
In general, an operation is deterministic if that operation assuredly computes identical results when
repeated with identical input values. The inputs of an operation are defined as follows:

— For an SQL-invoked routine, the values in the argument list are regarded as the input. Regarding
polymorphic table functions, the following considerations apply:

• For apolymorphic table function, the valueof a table argumentwith rowsemantics is amultiset
of rows; the value of a table argument with set semantics is a set of partitions of the table
argument. A polymorphic table function is regarded as non-deterministic if the ordering of a
partition of a table argument can determine the result of the polymorphic table function. SQL-
data that is not passed as a table argument is not regarded as input to a polymorphic table
function.
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• For a PTF component procedure, the value of an argument that is a PTF extended name is the
descriptor or the cursor that is identified by the PTF extended name. A PTF fulfill component
procedure is regarded as non-deterministic if the ordering of a cursor can determine the
result of the PTF fulfill component procedure. SQL-data that is not passed as a PTF extended
cursor is not regarded as input to a PTF component procedure.

— Otherwise, the SQL-data and the set of privileges by which they are accessed is regarded as the
input. Differences in theorderingof rows, aspermittedbyGeneralRules that specify implementation-
defined behavior, are not regarded as significant to the question of determinism.

NOTE 49— Transaction isolation levels have a significant impact on determinism, particularly transaction isolation levels
other than SERIALIZABLE. However, this document does not address that impact, particularly because of the difficulty in
clearly specifying that impact without appearing tomandate implementation techniques (such as row or page locking) and
because different SQL-implementations almost certainly resolve the issue in significantly different ways.

Recognizing that an operation is deterministic is a difficult task, it is in general not mandated by this
document. SQL-invoked routines are regarded as deterministic if the routine is declared to be DETERM-
INISTIC; that is, the SQL-implementation trusts the definer of the SQL-invoked routine to correctly declare
that the routine is deterministic. For other operations, this document does not label an operation as
deterministic; instead it identifies certain operations as “potential sources of non-determinism”. The
definition is found in Subclause 9.16, “Potential sources of non-determinism”.

Certain <boolean value expression>s are identified as “retrospectively deterministic”. A retrospectively
deterministic <boolean value expression> has the property that if it is True at one point time, then it is
True for all later points in time if re-evaluated for the identical SQL-data by an arbitrary user with the
identical set of privileges. The precise definition is found in Subclause 6.46, “<boolean value expression>”.

4.25 Integrity constraints

4.25.1 Overview of integrity constraints

Integrity constraints, generally referred to simply as constraints, define the valid states of SQL-data by
constraining the values in the base tables. A constraint is describedby a constraint descriptor. A constraint
is either a table constraint, a domain constraint, or an assertion and is described by, respectively, a table
constraint descriptor, a domain constraint descriptor, or an assertion descriptor. Every constraint
descriptor includes:

— The name of the constraint.

— An applicable <search condition>.
NOTE 50— The applicable <search condition> included in the descriptor is not necessarily the <search condition>
that might be contained in the SQL-statement whose execution brings the constraint descriptor into existence. The
General Rules for the SQL-statement in question specify the applicable <search condition> to be included in the
constraint descriptor, in some cases deriving it from a given <search condition>. For example, the syntax for table
constraints allows universal quantification over the rows of the table in question to be implicit; in the applicable
<search condition> included in the descriptor, that universal quantification is made explicit, to allow for uniform
treatment of all types of constraint.

— An indication of whether or not the constraint is deferrable.

— An indication of whether the initial constraint mode is deferred or immediate.

No integrity constraint shall bedefinedusing a<search condition> that is not retrospectively deterministic.

4.25.2 Checking of constraints

Every constraint is either deferrable or non-deferrable. Within an SQL-transaction, every constraint has
a constraint mode; if a constraint is non-deferrable, then its constraint mode is always immediate; other-
wise, it is either immediate or deferred. Every constraint has an initial constraint mode that specifies the
constraint mode for that constraint at the start of each SQL-transaction and immediately after definition

88 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
4.24 Determinism

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


of that constraint. If a constraint is deferrable, then its constraintmodemay be changed (from immediate
to deferred, or from deferred to immediate) by execution of a <set constraints mode statement>.

Table constraints are either enforced or not enforced. Domain constraints and assertions are always
enforced.

The checkingof an enforced constraint dependson its constraintmodewithin the current SQL-transaction.
Whenever an SQL-statement is executed, every enforced constraintwhosemode is immediate is checked,
at a certain point after any changes to SQL-data and schemas resulting from that execution have been
effected, to see if it is satisfied. A constraint is satisfied if and only if the applicable <search condition>
included in its descriptor evaluates to True or Unknown. If any enforced constraint is not satisfied, then
any changes to SQL-data or schemas resulting from executing that statement are canceled. (See the
General Rules of Subclause 9.17, “Executing an <SQL procedure statement>”.)

NOTE 51— This includes SQL-statements that are executed as a direct result or an indirect result of executing a different
SQL-statement. It also includes statements whose effects explicitly or implicitly include setting the constraint mode to
immediate.

The constraint mode can be set to immediate either explicitly by execution of a <set constraints mode
statement>, or implicitly at the end of the current SQL-transaction.

When a <commit statement> is executed, all enforced constraints are effectively checked and, if any
enforced constraint is not satisfied, then an exception condition is raised and the SQL-transaction is ter-
minated by an implicit <rollback statement>.

In contrast to constraint checking, the referential actions specified by a referential constraint are never
deferred.

4.25.3 Table constraints

4.25.3.1 Introduction to table constraints

A table constraint is a constraint whose descriptor is included in a base table descriptor. Being associated
with a particular base table allows for convenient syntactic shorthands inwhich universal quantification
over the rows of the table in question is implied.

A table constraint is either a unique constraint, a referential constraint or a table check constraint. A table
constraint is described by a table constraint descriptor.

In addition to the components of every constraint descriptor, a table constraint descriptor includes:

— An indication of whether the constraint is enforced or not enforced.
NOTE 52— A unique constraint is always enforced. A table check constraint or a referential constraint can either
be enforced or not enforced.

A table constraint descriptor is either a unique constraint descriptor, a referential constraint descriptor,
or a table check constraint descriptor, respectively.

Every table constraint specified for base table T is implicitly a constraint on every subtable of T, by virtue
of the fact that every row in a subtable is considered to have a corresponding superrow in every one of
its supertables.

4.25.3.2 Unique constraints

In addition to the components of every table constraint descriptor, a unique constraint descriptor includes:

— An indication of whether it was defined with PRIMARY KEY or UNIQUE.

— The names and positions of the unique columns specified in the <unique column list>.

— If <without overlap specification> is specified, then the name of the period specified.
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— The implicit or explicit <unique null treatment>.

Let T be a table and let R1 and R2 be two rows of T. If there is some column for which the corresponding
values fromR1 andR2 are not equal, thenR1 andR2 are uniquewith nulls distinct. If there is some column
for which the corresponding values from R1 and R2 are distinct, then R1 and R2 are unique with nulls not
distinct. If all columnvalues of bothR1 andR2 are the null value, then an SQL-implementationmay regard
R1 andR2 as uniquewith nulls not distinct;whether an SQL-implementationdoes this is implementation-
defined (IA201).

NOTE53—The implementation-definedtreatmentof rowsconsistingentirelyofnull valuesallowsacommon implementation
technique,whereby all-null rows are omitted fromuniqueness checking data structures entirely. Such SQL-implementations
can choose NULLS NOT DISTINCT as the implementation-defined default, yet allow all-null rows to pass the constraint, as
they are not checked at all.

If the table descriptor for base table T includes a unique constraint descriptor indicating that the unique
constraint was defined with PRIMARY KEY, then the columns of that unique constraint constitute the
primary key of T. A table that has a primary key cannot have a proper supertable.

Let T be a base table and let R1 and R2 be two rows of T. Let UC be a unique constraint on T, and let UNT
be its implicit or explicit <unique null treatment>. If T is a system-versioned table, let R1 and R2 be two
current system rows of T. If UC includes a <without overlap specification>WOS, let ATPN be the
<application time period name> contained inWOS; R1 and R2must additionally be such that the ATPN
period values of R1 and R2 overlap. Let UR1 and UR2 be rows containing only the columns specified by
UC of R1 and R2 respectively.

UC is satisfied if and only if, for every such UR1 and UR2, exactly one of the following is true:

— UNT is NULLS DISTINCT and UR1 and UR2 are unique with nulls distinct.

— UNT is NULLS NOT DISTINCT and UR1 and UR2 are unique with nulls not distinct.

In addition, if the unique constraint was defined with PRIMARY KEY, then it requires that none of the
values in the specified column or columns be a null value.

4.25.3.3 Referential constraints

In addition to the components of every table constraint descriptor, a referential constraint descriptor
includes:

— A list of the names of the referencing columns specified in the <referencing column list>.

— The referenced table specified in the <referenced table and columns>.

— A list of the names of the referenced columns specified in the <referenced table and columns>.

— If <referencing period specification> is specified, then the name of the period specified.

— The <match type> and the <referential triggered action>.

The choices for <match type> are MATCH SIMPLE, MATCH PARTIAL, and MATCH FULL; MATCH SIMPLE
is the default. There is no semantic difference between these choices if there is only one referencing
column (and, hence, only one referenced column). There is also no semantic difference if all referencing
columns are not nullable. If there is more than one referencing column, at least one of which is nullable,
and if no<referencingperiod specification> is specified, then the various<match type>shave the following
semantics:

— MATCH SIMPLE: if at least one referencing column is null, then the row of the referencing table
passes the constraint check. If all referencing columns are not null and the referenced table is not
a system-versioned table, then the row passes the constraint check if and only if there is a row of
the referenced table that matches all the referencing columns. If all referencing columns are not
null and the referenced table is a system-versioned table, then the row passes the constraint check
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if and only if there is a current system row of the referenced table that matches all the referencing
columns.

— MATCH PARTIAL: if all referencing columns are null, then the row of the referencing table passes
the constraint check. If at least one referencing columns is not null and the referenced table is not
a system-versioned table, then the row passes the constraint check if and only if there is a row of
the referenced table that matches all the non-null referencing columns. If at least one referencing
columns is not null and the referenced table is a system-versioned table, then the row passes the
constraint check if and only if there is a current system row of the referenced table that matches
all the non-null referencing columns.

— MATCH FULL: if all referencing columns are null, then the row of the referencing table passes the
constraint check. If all referencing columns are not null and the referenced table is not a system-
versioned table, then the rowpasses the constraint check if andonly if there is a rowof the referenced
table that matches all the referencing columns. If some referencing column is null and another ref-
erencing column is non-null, then the row of the referencing table violates the constraint check. If
all referencing columns are not null and the referenced table is a system-versioned table, then the
row passes the constraint check if and only if there is a current system row of the referenced table
that matches all the referencing columns.

If there is more than one referencing column, at least one of which is nullable, and if <referencing period
specification> is specified, then letCATPNbe the<application timeperiodname>contained in<referencing
period specification> and let PATPN be the <application time period name> contained in the <referenced
period specification>; the various <match type>s have the following semantics:

— MATCH SIMPLE: if at least one referencing column is null, then the row of the referencing table
passes the constraint check. If all referencing columns are not null and the referenced table is not
a system-versioned table, then a row R of the referencing table passes the constraint check if and
only if there is a non-empty set S of rows of the referenced table such that every row in Smatches
all the referencing columns of R and the CATPN period value of R is a subset of the union of the
PATPN period values of the rows in S. If all referencing columns are not null and the referenced
table is a system-versioned table, then a row R of the referencing table passes the constraint check
if and only if there is a non-empty set S of current system rows of the referenced table such that
every row in Smatches all the referencing columns of R and the CATPN period value of R is a subset
of the union of the PATPN period values of the rows in S.

— MATCH PARTIAL: if all referencing columns are null, then the row of the referencing table passes
the constraint check. If at least one referencing column is not null and the referenced table is not a
system-versioned table, then a row R of the referencing table passes the constraint check if and
only if there is a non-empty set S of rows of the referenced table such that every row in Smatches
all the non-null referencing columns of R and the CATPN period value of R is a subset of the union
of the PATPN period values of the rows in S. If at least one referencing columns is not null and the
referenced table is a system-versioned table, then a row R of the referencing table passes the con-
straint check if and only if there is a non-empty set S of current system rows of the referenced table
such that every row in Smatches all the non-null referencing columns of R and the CATPN period
value of R is a subset of the union of the PATPN period values of the rows in S.

— MATCH FULL: if all referencing columns are null, then the row of the referencing table passes the
constraint check. If all referencing columns are not null and the referenced table is not a system-
versioned table, then a rowR of the referencing table passes the constraint check if and only if there
is a non-empty set S of rows of the referenced table such that every row in Smatches all the refer-
encing columns of R and the CATPN period value of R is a subset of the union of the PATPN period
values of the rows in S. If all referencing columns are not null and the referenced table is a system-
versioned table, then a rowR of the referencing table passes the constraint check if and only if there
is a non-empty set S of current system rows of the referenced table such that every row in Smatches
all the referencing columns of R and the CATPN period value of R is a subset of the union of the
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PATPN period values of the rows in S. If some referencing column is null and another referencing
column is non-null, then the row of the referencing table violates the constraint check.

NOTE 54— In the case that <referencing period specification> is specified, even though for a given row R in the
referencing table there can bemore than one corresponding row in the referenced table, there is at most one corres-
ponding row in the referenced table at any given point in time in the CATPN period value of R.

The ordering of the lists of referencing column names and referenced column names is implementation-
defined (IS001), but shall be such that corresponding column names occupy corresponding positions in
each list.

In the case that a table constraint is a referential constraint, the table is referred to as the referencing
table. The referenced columns of a referential constraint shall be the unique columns of some unique
constraint of the referenced table. <referencingperiod specification> is specified, then theunique constraint
that defines the unique columns of the referenced table shall specify <without overlap specification>.

The referencing table may be the same table as the referenced table.

An <update rule> that does not contain NO ACTION specifies a referential update action. A <delete rule>
that does not specify NO ACTION specifies a referential delete action. Referential update actions and ref-
erential delete actions are collectively called referential actions. Referential actions are carriedout before,
and are not part of, the checking of a referential constraint. Deferring a referential constraint defers the
checking of the <search condition> of the constraint (a <match predicate>) but does not defer the refer-
ential actions of the referential constraint.

NOTE 55— For example, if a referential update action such as ON UPDATE CASCADE is specified, then any UPDATE oper-
ation on the referenced tablewill be cascaded to the referencing table as part of theUPDATEoperation, even if the referential
constraint is deferred. Consequently, the referential constraint cannot become violated by the UPDATE statement. On the
other hand, ON UPDATE SET DEFAULT could result in a violation of the referential constraint if there is no matching row
after the referencing column is set to its default value. In addition, INSERT and UPDATE operations on the referencing table
do not entail any automatic enforcement of the referential constraint. Any such violations of the constraint will be detected
when the referential constraint is eventually checked, at or before a commit.

The options for <update rule> are:

— ON UPDATE CASCADE: any change to a referenced column in the referenced table causes the same
change to the corresponding referencing column in matching rows of the referencing table.

— ON UPDATE SET NULL: any change to a referenced column in the referenced table causes the cor-
responding referencing column in matching rows of the referencing table to be set to null.

— ON UPDATE SET DEFAULT: any change to a referenced column in the referenced table causes the
corresponding referencing column inmatching rows of the referencing table to be set to its default
value.

— ON UPDATE RESTRICT: any change to a referenced column in the referenced table is prohibited if
there is a matching row.

— ONUPDATENOACTION (thedefault): there is no referential update action; the referential constraint
only specifies a constraint check.

NOTE 56— Even if constraint checking is not deferred, ON UPDATE RESTRICT is a stricter condition than ON UPDATE NO
ACTION. ON UPDATE RESTRICT prohibits an update to a particular row if there are any matching rows; ON UPDATE NO
ACTION does not perform its constraint check until the entire set of rows to be updated has been processed.

The options for <delete rule> are:

— ON DELETE CASCADE: if a row of the referenced table is deleted, then all matching rows in the
referencing table are deleted.

— ON DELETE SET NULL: if a row of the referenced table is deleted, then all referencing columns in
all matching rows of the referencing table to be set to null.

92 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
4.25 Integrity constraints

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


— ON DELETE SET DEFAULT: if a row of the referenced table is deleted, then all referencing columns
in all matching rows of the referencing table to be set to the column’s default value.

— ON DELETE RESTRICT: it is prohibited to delete a row of the referenced table if that row has any
matching rows in the referencing table.

— ONDELETENOACTION (thedefault): there is no referential delete action; the referential constraint
only specifies a constraint check.

NOTE 57— Even if constraint checking is not deferred, ON DELETE RESTRICT is a stricter condition than ON DELETE NO
ACTION. ON DELETE RESTRICT prohibits a delete of a particular row if there are any matching rows; ON DELETE NO
ACTION does not perform its constraint check until the entire set of rows to be deleted has been processed.

4.25.3.4 Table check constraints

Let T be a base table that is not a system-versioned table. A table check constraint on T is satisfied if and
only if the specified <search condition> evaluates to True or Unknown for every row of T.

Let T be a system-versioned table. A table check constraint on T is satisfied if and only if the specified
<search condition> evaluates to True or Unknown for every current system row of T.

NOTE 58— Consequently, an empty table satisfies every table check constraint that applies to it.

4.25.4 Domain constraints

A domain constraint is a constraint that is specified for a domain. It is applied to all columns that are
based on that domain, and to all values cast to that domain.

A domain constraint is described by a domain constraint descriptor. In addition to the components of
every constraint descriptor, a domain constraint descriptor includes:

— The template <search condition> for the generationof domain constraint usage<search condition>s.

— A possibly empty set of domain constraint usages.

A domain constraint usage descriptor is created implicitly by the evaluation of a <column definition>
whose <data type or domain name> is a <domain name>. If C is such a column and D is the domain
identified by the <domain name>, then every domain constraint DC defined for D implies a domain con-
straint usage, to the effect that each value in C satisfies DC.

In addition to the components of every table constraint descriptor, a domain constraint usage descriptor
includes:

— The name of the applicable column.

— The applicable <search condition> that evaluateswhether each value in C satisfiesDC. This <search
condition> is constructed from the domain constraint template <search condition>, with instances
of the <general value specification> VALUE replaced by C.

A domain constraint is satisfied by SQL-data if and only if, for every table T that has a column named C
based on that domain, the applicable <search condition> recorded in the appropriate domain constraint
usage evaluates to True or Unknown.

A domain constraint is satisfied by the result of a <cast specification> if and only if the specified template
<search condition>, with each occurrence of the <general value specification> VALUE replaced by that
result, evaluates to True or Unknown.

4.25.5 Assertions

An assertion is a constraint whose descriptor is an independent schema component not included in any
table descriptor.
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4.26 Functional dependencies
This Subclause is modified by Subclause 4.5, “Functional dependencies”, in ISO/IEC 9075-9.

4.26.1 Overview of functional dependency rules and notations

This Subclause defines the term functional dependency and specifies aminimal set of rules that a conform-
ing SQL-implementation shall follow to determine functional dependencies and candidate keys in tables.

The rules in this Subclause may be freely augmented by implementation-defined (IE015) rules, where
indicated in this Subclause.

Let T be any table. Let CT be the set comprising all the columns of T, and let A and B be arbitrary subsets
of CT, not necessarily disjoint and possibly empty.

Let “T:A↦B” (read “inT,AdeterminesB” or “B is functionally dependent onA inT”) denote the functional
dependency of B on A in T, which is true if, for any possible value of T, any two rows that are not distinct
for every column in A also are not distinct for every column in B. When the table T is understood from
context, the abbreviation “A ↦ B” may also be used.

If X ↦ Y is some functional dependency in some table T, then X is a determinant of Y in T.

LetA↦B and C↦D be any two functional dependencies in T. The following are also functional dependen-
cies in T:

— A UNION ( C DIFFERENCE B ) ↦ B UNION D

— C UNION ( A DIFFERENCE D ) ↦ B UNION D
NOTE 59—Here, “UNION” denotes set union and “DIFFERENCE” denotes set difference.

These two rules are called the rules of deduction for functional dependencies.

Every table has an associated non-empty set of functional dependencies.

The set of functional dependencies is non-empty because X↦ X for any X. A functional dependency of this
form is an axiomatic functional dependency, as is X↦ Ywhere Y is a subset of X. X↦ Y is a non-axiomatic
functional dependency if Y is not a subset of X.

4.26.2 General rules and definitions

In the following Subclauses, let a column C1 be a counterpart of a column C2 under qualifying table QT if
C1 is specified by a column reference (or by a <value expression> that is a column reference) that refer-
ences C2 and QT is the qualifying table of C2. If C1 is a counterpart of C2 under qualifying table QT1 and
C2 is a counterpart of C3 under qualifying table QT2, then C1 is a counterpart of C3 under QT2.

The notion of counterparts naturally generalizes to sets of columns, as follows: If S1 and S2 are sets of
columns, and there is a one-to-one correspondence between S1 and S2 such that each element of S1 is a
counterpart of the corresponding element of S2, then S1 is a counterpart of S2.

The next Subclauses recursively define the notion of known functional dependency. This is a ternary
relationship between a table and two sets of columns of that table. This relationship expresses that a
functional dependency in the table is known to the SQL-implementation. All axiomatic functional
dependencies are known functional dependencies. In addition, any functional dependency that can be
deduced from known functional dependencies using the rules of deduction for functional dependency is
a known functional dependency.

The next Subclauses also recursively define the notion of a “BUC-set”, which is a set of columns of a table
(as in “S is BUC-set”, where S is a set of columns).

NOTE 60— “BUC” is an acronym for “base table unique constraint”, since the starting point of the recursion is a set of
known not null columns comprising a non-deferrable unique constraint of a base table.
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The notion of BUC-set is closed under the following deduction rule for BUC-sets: If S1 and S2 are sets of
columns, S1 is a subset of S2, S1 ↦ S2, and S2 is a BUC-set, then S1 is also a BUC-set.

NOTE 61— If a BUC-set is empty, there is at most one row in the table. This case is distinguished from a table with no BUC-
set.

An SQL-implementationmay define additional rules for determining BUC-sets, provided that every BUC-
set S of columns of a table T shall have an associated base table BT such that every column of S has a
counterpart in BT, and for any possible value of the columns of S, there is at most one row in BT having
those values in those columns.

The next Subclauses also recursively define the notion of a “BPK-set”, which is a set of columns of a table
(as in “S is a BPK-set”, where S is a set of columns). Every BPK-set is a BUC-set.

NOTE 62— “BPK” is an acronym for “base table primary key”, since the starting point of the recursion is a set of known
not null columns comprising a non-deferrable primary key constraint of a base table.

The notion of BPK-set is closed under the following deduction rule for BPK-sets: If S1 and S2 are sets of
columns, S1 is a subset of S2, S1 ↦ S2, and S2 is a BPK-set, then S1 is also a BPK-set.

NOTE 63— Like BUC-sets, empty BPK-sets are possible.

An SQL-implementationmay define additional rules for determining BPK-sets, provided that every BPK-
set S is a BUC-set, and everymember of S has a counterpart to a column in a primary key in the associated
base table BT.

All applicable syntactic transformations (for example, to remove *, CUBE, or ROLLUP) shall be applied
before using the rules to determine known functional dependencies, BUC-sets, and BPK-sets.

The following Subclauses use the notion of AND-component of a <search condition> SC, which is defined
recursively as follows:

— If SC is a <boolean test> BT, then the only AND-component of SC is BT.

— If SC is a <boolean factor> BF, then the only AND-component of SC is BF.

— If SC is a <boolean term> of the form “P AND Q”, then the AND-components of SC are the AND-
components of P and the AND-components of Q.

— If SC is a <boolean value expression> BVE that specifies OR, then the only AND-component of SC is
BVE.

LetACbe anAND-component of SC such thatAC is a <comparisonpredicate>whose<compop> is <equals
operator>. Let RVE1 and RVE2 be the two <row value predicand>s that are the operands of AC. Suppose
that bothRVE1 andRVE2 are <rowvalue constructor predicand>s. Letnbe the degree ofRVE1. LetRVEC1i
and RVEC2i, 1 (one) ≤ i ≤ n, be the i-th <common value expression>, <boolean predicand>, or <row value
constructor element> of RVE1 and RVE2, respectively. The <comparison predicate> “RVEC1i = RVEC2i”
is called an equality AND-component of SC.

4.26.3 Known functional dependencies in a base table

Let T be a base table and let CT be the set comprising all the columns of T.

A set of columns S1 of T is a BPK-set if it is the set of columns enumerated in some unique constraint UC
of T, UC specifies PRIMARY KEY, and UC is non-deferrable.

A set of columns S1 of T is a BUC-set if it is the set of columns enumerated in some unique constraint UC
of T, UC is non-deferrable, and every member of S1 is known not null.

If UCL is a set of columns of T such that UCL is a BUC-set, then UCL↦ CT is a known functional dependency
in T.
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If GC is a generated column of T, then D ↦ GC, where D is the set of parametric columns of GC, is a known
functional dependency in T.

Implementation-defined (IE015) rules may determine other known functional dependencies in T.

4.26.4 Known functional dependencies in a viewed table

Let V be a viewed table, and let CT be the set comprising all the columns of V.

Case:

— If V is a referenceable view, then let SRC be the self-referencing column of V. V has no BPK-set, the
only BUC-set of V is {SRC}, and {SRC} ↦ CT is a known functional dependency in V.

NOTE 64— This known functional dependency will remain valid even if subtables of V are created.

— Otherwise, let QE be the original <query expression> of V. Every counterpart in V of a BPK-set of
QE is a BPK-set of V. Every counterpart in V of a BUC-set ofQE is a BUC-set of V. If S1↦ S2 is a known
functional dependency of QE, CS1 is the counterpart of S1 in V and CS2 is the counterpart of S2 in
V, then CS1 ↦ CS2 is a known functional dependency of V.

4.26.5 Known functional dependencies in a transition table

Let TT be the transition table defined in an AFTER trigger TR and let T be the subject table of TR. The
BPK-sets, BUC-sets, and known functional dependencies of TT are the same as the BPK-sets, BUC-sets,
and known functional dependencies of T.

4.26.6 Known functional dependencies in <table value constructor>

Let R be the result of a <table value constructor>, and let CR be the set comprising all the columns of R.

No set of columnsofR is a BPK-set or aBUC-set, except as determinedby implementation-defined (IA203)
rules.

All axiomatic functional dependencies are known functional dependencies of a <table value constructor>.
In addition, theremay be implementation-defined (IE015) known functional dependencies (for example,
by examining the actual value of the <table value constructor>).

4.26.7 Known functional dependencies in a <joined table>

Let T1 and T2 denote the tables identified by the first and second <table reference>s of some <joined
table> JT. Let R denote the table that is the result of JT. Let CT be the set of columns of the result of JT.

Every column of R has some counterpart in either T1 or T2. If NATURAL is specified or the <join specific-
ation> is a <named columns join>, then some columns of Rmay have counterparts in both T1 and T2.

A set of columns S of R is a BPK-set if S has some counterpart in T1 or T2 that is a BPK-set, every member
of S is known not null, and S ↦ CT is a known functional dependency of R.

A set of columns S of R is a BUC-set if S has some counterpart in T1 or T2 that is a BUC-set, everymember
of S is known not null, and S ↦ CT is a known functional dependency of R.

NOTE 65— The following rules for known functional dependencies in a <joined table> are not mutually exclusive. The set
of known functional dependencies is the union of those dependencies generated by all applicable rules, including the rules
of deduction presented earlier.

If A↦ B is a known functional dependency in T1, CA is the counterpart of A in R, and CB is the counterpart
of B in R, then CA ↦ CB is a known functional dependency in R if and only if exactly one of the following
is true:

— CROSS, INNER, or LEFT is specified.
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— RIGHT or FULL is specified and at least one of the following is true:

• At least one column in A is known not nullable and not a join partitioning column.

• All columns in A and B are join partitioning columns.

If A↦ B is a known functional dependency in T2, CA is the counterpart of A in R, and CB is the counterpart
of B in R, then CA ↦ CB is a known functional dependency in Rwhen exactly one of the following is true:

— CROSS, INNER, or RIGHT is specified.

— LEFT or FULL is specified and at least one of the following is true:

• At least one column in A is known not nullable and not a join partitioning column.

• All columns in A and B are join partitioning columns.

If INNER is specified, AP is an equality AND-component of the <search condition>, one comparand of AP
is a column reference CR, and the other comparand of AP is a <literal>, then let CRC be the counterparts
of CR in R. Let {} denote the empty set. {} ↦ {CRC} is a known functional dependency in R.

NOTE 66—An SQL-implementation can also choose to recognize {} -> {CRC} as a known functional dependency if the other
comparand is a deterministic expression containing no column references.

If INNER is specified, AP is an equality AND-component of the <search condition>, one comparand of AP
is a column reference CRA, and the other comparand of AP is a column reference CRB, then let CRAC and
CRBC be the counterparts of CRA and CRB in R. {CRAC} ↦ {CRBC} is a known functional dependency in R.

NOTE 67— An SQL-implementation can also choose to recognize similar known functional dependencies of the form {
CRA1, ..., CRAN } ↦ {CRBC} in case one comparand is a deterministic expression of column references CRA1, ..., CRAN under
similar conditions.

If LEFT is specified, <join condition> is specified, and the <search condition> SC is deterministic, then let
DJA be the set of <column reference>s contained in SC that reference columns of T1 and let PCB be the
set of join partitioning columns of TRB, if any. If AP is an equality AND-component of SC, one comparand
of AP is a <literal> or a column reference to a column of T1, and the other comparand of AP is a column
reference CRB to a column of T2, then let CRBC be the counterpart of CRB in R. DJA ∪ PCB ↦ {CRBC} is a
known functional dependency in R.

If RIGHT is specified, <join condition> is specified, and the <search condition> SC is deterministic, then
let DJB be the set of <column reference>s contained in SC that reference columns of T2 and let PCA be
the set of join partitioning columnsofTRA, if any. IfAP is an equalityAND-component of SC, one comparand
of AP is a <literal> or a column reference to a column of T2, and the other comparand of AP is a column
reference CRA to a column of T1, then let CRAC be the counterpart of CRA in R. DJB ∪ PCA ↦ {CRAC} is a
known functional dependency in R.

If NATURAL is specified, or if a <join specification> immediately containing a <named columns join> is
specified, then let C1, ..., CN be the columnnames of the corresponding join columns, for i between 1 (one)
and N. Let SC be the <search condition>:

( TN1.C1 = TN2.C1 )
AND
...
AND
( TN1.CN = TN2.CN )

Let SLCC and SL be the <select list>s defined in the Syntax Rules of Subclause 7.10, “<joined table>”. Let
JT be the <join type>. Let TN1 and TN2 be the exposed <table or query name> or <correlation name> of
tables T1 and T2, respectively. Let IR be the result of the <query expression>:

SELECT SLCC, TN1.*, TN2.*
FROM TN1 JT JOIN TN2

ON SC
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The following are recognized as additional known functional dependencies of IR:

— If INNER or LEFT is specified, then { COALESCE ( TN1.Ci, TN2.Ci ) } ↦ { TN1.Ci }, for all i between 1
(one) and N.

— If INNER or RIGHT is specified, then { COALESCE ( TN1.Ci, TN2.Ci ) } ↦ { TN2.Ci }, for all i between
1 (one) and N.

The known functional dependencies of R are the known functional dependencies of:

SELECT SL FROM IR

4.26.8 Known functional dependencies in a <table primary>

LetRbe the result of some<tableprimary>TP. TheBPK-sets, BUC-sets, andknown functionaldependencies
of R are determined as follows.

Case:

— IfTP simply contains a<rowpattern recognition clause>RPRC that specifiesONEROWPERMATCH,
then R has no non-axiomatic known functional dependencies, no BPK-sets, and no BUC-sets.

— IfTP simply contains a <rowpattern recognition clause>RPRC that specifiesALLROWSPERMATCH,
then let TP2 be the <table primary> obtained by replacing the <row pattern recognition clause> by
a <correlation name>. The rules of this Subclause are applied recursively to determine the known
functional dependencies of the result R2 of TP2, (which is the row pattern input recognition table).
IfA↦B is a known functional dependencyofR2, andAC andBC are columnsofR that are counterparts
of A and B, then AC↦ BC is a known functional dependency of R. R has no BPK-sets and no BUC-sets.

— IfTP immediately contains a<table orqueryname>TQNor an<only spec> that immediately contains
a <table or query name> TQN, then the counterparts of the BPK-sets and BUC-sets of TQN are the
BPK-sets and BUC-sets, respectively, of R. If A ↦ B is a known functional dependency in the result
of TQN, and AC and BC are the counterparts of A and B, respectively, then AC ↦ BC is a known func-
tional dependency in R.

— If TP immediately contains a <derived table> or <lateral derived table> DT, then the counterparts
of the BPK-sets and BUC-sets of DT are the BPK-sets and BUC-sets, respectively, of R. If A ↦ B is a
known functional dependency in the result of DT, and AC and BC are the counterparts of A and B,
respectively, then AC ↦ BC is a known functional dependency in R.

— If TP immediately contains a <collection derived table> CDT, and WITH ORDINALITY is specified,
then let OC be the column name of the ordinality column and let CT be the set comprising all of the
column names of the columns of CDT. {OC} is a BPK-set and a BUC-set, and {OC} ↦ CT is a known
functional dependency. If WITH ORDINALITY is not specified, then these rules do not identify any
BPK-set, BUC-set, or non-axiomatic known functional dependency.

— If TP immediately contains a <table function derived table> or a <PTF derived table>, then these
rules do not identify any BPK-set, BUC-set, or non-axiomatic known functional dependency.

— If TP immediately contains a <data change delta table>, then let TT be the <target table> or
<insertion target> of the <data change statement> simply contained in TP. The counterparts of the
BPK-sets and BUC-sets of TT are the BPK-sets and BUC-sets, respectively, of R. If A ↦ B is a known
functional dependency in the result ofTT, andAC andBC are the counterparts ofA andB, respectively,
then AC ↦ BC is a known functional dependency in R.

— If TP immediately contains a <parenthesized joined table>, then let JT be the <joined table> simply
contained in TP. The counterparts of the BPK-sets and BUC-sets of JT are the BPK-sets and BUC-
sets, respectively, of R. If A ↦ B is a known functional dependency in the result of JT, and AC and BC
are the counterparts of A and B, respectively, then AC ↦ BC is a known functional dependency in R.
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4.26.9 Known functional dependencies in a <table factor>

Let R be the result of <table factor> TF. Let S be the result of <table primary> immediately contained in
TF. The counterparts of the BPK-sets and BUC-sets of S are the BPK-sets and BUC-sets, respectively, of
R. If A ↦ B is a functional dependency in S, and AC and BC are the counterparts of A and B, respectively,
then AC ↦ BC is a known functional dependency in R.

4.26.10 Known functional dependencies in a <table reference>

Let R be the result of some <table reference> TR. The BPK-sets, BUC-sets, and functional dependencies
of R are determined as follows.

Case:

— If TR immediately contains a <table factor> TF, then the counterparts of the BPK-sets and BUC-sets
of TF are the BPK-sets and BUC-sets, respectively, of R. If A ↦ B is a functional dependency in the
result of TF, and AC and BC are the counterparts of A and B, respectively, then AC ↦ BC is a known
functional dependency in R.

— If TR immediately contains a <joined table> JT, then the counterparts of the BPK-sets and BUC-sets
of JT are the BPK-sets and BUC-sets, respectively, of R. If A ↦ B is a functional dependency in the
result of JT, and AC and BC are the counterparts of A and B, respectively, then AC ↦ BC is a known
functional dependency in R.

4.26.11 Known functional dependencies in the result of a <from clause>

Let R be the result of some <from clause> FC.

If there is only one <table reference> TR in FC, then the counterparts of the BPK-sets of TR and the
counterparts of the BUC-sets of TR are the BPK-sets and BUC-sets of FC, respectively. Otherwise, these
rules do not identify any BPK-sets or BUC-sets in the result of FC.

If T is a <table reference> immediately contained in the <table reference list> of FC, then all known
functional dependencies in T are known functional dependencies in R.

4.26.12 Known functional dependencies in the result of a <where clause>

Let T be the table that is the operand of the <where clause>. Let R be the result of the <where clause>. A
set of columns S in R is a BUC-set if there is a <table reference> TR such that every member of S has a
counterpart in TR, the counterpart of S in TR is a BUC-set, and S ↦ CR, where CR is the set of all columns
of R. If, in addition, the counterpart of S is a BPK-set, then S is a BPK-set.

If A↦ B is a known functional dependency in T, then let AC be the set of columns of Rwhose counterparts
are in A, and let BC be the set of columns of Rwhose counterparts are in B. AC↦ BC is a known functional
dependency in R.

If AP is an equality AND-component of the <search condition> simply contained in the <where clause>
and one comparand of AP is a column reference CR, and the other comparand of AP is a <literal>, then
let CRC be the counterpart of CR in R. {}↦ {CRC} is a known functional dependency in R, where {} denotes
the empty set.

NOTE 68—An SQL-implementation can also choose to recognize {}↦ {CRC} as a known functional dependency if the other
comparand is a deterministic expression containing no column references.

If AP is an equality AND-component of the <search condition> simply contained in the <where clause>
andone comparandofAP is a columnreferenceCRA, and theother comparandofAP is a columnreferences
CRB, then let CRAC and CRBC be the counterparts of CRA and CRB in R. {CRBC} ↦ {CRAC} and {CRAC} ↦
{CRBC} are known functional dependencies in R.
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NOTE 69— An SQL-implementation can also choose to recognize known functional dependencies of the form {CRAC1, ...,
CRACN } ↦ {CRBC} if one comparand is a deterministic expressions that contains column references CRA1, ..., CRAN and the
other comparand is a column reference CRB.

4.26.13 Known functional dependencies in the result of a <group by clause>

Let T1 be the table that is the operand of the <group by clause>, and let R be the result of the <group by
clause>.

Let G be the set of columns specified by the <grouping column reference list> of the <group by clause>,
after applying all syntactic transformations to eliminate ROLLUP, CUBE, and GROUPING SETS.

The columns of R are the columns of G, with an additional column CI, whose value in any particular row
ofR somehowdenotes the subset of rows of T1 that is associatedwith the combined value of the columns
of G in that row.

If every element of G is a column reference to a known not null column, then G is a BUC-set of R. If G is a
subset of a BPK-set of columns of T1, then G is a BPK-set of R.

G ↦ CI is a known functional dependency in R.
NOTE 70— Any <set function specification> that is specified in conjunction with R is necessarily a function of CI. If SFVC
denotes the column containing the results of such a <set function specification>, then CI ↦ SFVC holds true, and it follows
that G ↦ SFVC is a known functional dependency in the table containing SFVC.

4.26.14 Known functional dependencies in the result of a <having clause>

Let T1 be the table that is the operand of the <having clause>, let SC be the <search condition> simply
contained in the <having clause>, and let R be the result of the <having clause>.

If S is a set of columnsofR and the counterpart of S inT1 is a BPK-set, then S is aBPK-set. If the counterpart
of S in T1 is a BUC-set, then S is a BUC-set.

Any known functional dependency in the <query expression>

SELECT * FROM T1 WHERE SC

is a known functional dependency in R.

4.26.15 Known functional dependencies in a <query specification>

Let T be the <table expression> simply contained in the <query specification> QS and let R be the result
of the <query specification>.

Let SL be the <select list> of the <query specification>.

Let T1 be T extended to the right with columns arising from<value expression>s contained in the <select
list>, as follows: A <value expression> VE that is not a column reference specifies a computed column CC
in T1. For every row in T1, the value in CC is the result of VE.

Let S be a set of columns of R such that every element of S arises from the use of <asterisk> in SL or by
the specificationof a columnreference as a <value expression> simply contained in SL. Shas counterparts
in T and T1. If the counterpart of S in T is a BPK-set, then S is a BPK-set. If the counterpart of S in T is a
BUC-set or a BPK-set, then S is a BUC-set.

If A ↦ B is some known functional dependency in T, then A ↦ B is a known functional dependency in T1.

Let CC be the column specified by some <value expression> VE in the <select list> that does not contain
a potential source of non-determinism.

Let OP1, OP2, ... be the operands of VE that are column references whose qualifying query is QS and that
are not contained in an aggregated argument of a <set function specification>.
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If VE does not contain a <set function specification> whose aggregation query is QS, then {OP1, OP2, ...}
↦ CC is a known functional dependency in T1.

If VE contains a <set function specification> whose aggregation query is QS, then let {G1, ...} be the set of
grouping columns of T. {G1, ..., OP1, OP2, ...} ↦ CC is a known functional dependency in T1.

Let C ↦ D be some known functional dependency in T1. If all the columns of C have counterparts in R,
then let DR be the set comprising those columns of D that have counterparts in R.C ↦ DR is a known
functional dependency in R.

4.26.16 Known functional dependencies in a <query expression>

If a <with clause> is specified, and RECURSIVE is not specified, then the BPK-sets, BUC-sets, and known
functional dependencies of the table identified by a <query name> in the <with list> are the same as the
BPK-sets, BUC-sets, and known functional dependencies of the corresponding <query expression>,
respectively. If RECURSIVE is specified, then theBPK-sets, BUC-sets, andnon-axiomatic known functional
dependencies are implementation-defined (IA204).

A <query expression> that is a <query term> that is a <query primary> that is a <simple table> is covered
by previous Subclauses of this Clause.

If the <query expression> specifies UNION, EXCEPT or INTERSECT, then let T1 and T2 be the left and
right operand tables and let R be the result. Let CR be the set comprising all the columns of R.

Each column of R has a counterpart in T1 and a counterpart in T2.

Case:

— If EXCEPT is specified, then a set S of columns of R is a BPK-set if its counterpart in T1 is a BPK-set.
S is a BUC-set if its counterpart in T1 is a BUC-set.

— If UNION is specified, then there are no BPK-sets and no BUC-sets.

— If INTERSECT is specified, then a set S of columns of R is a BPK-set if either of its counterparts in T1
and T2 is a BPK-set. S is a BUC-set if either of its counterparts in T1 and T2 is a BUC-set.

Case:

— IfUNION is specified, thennonon-axiomatic functional dependency inT1orT2 is a known functional
dependency in R, apart from any functional dependencies determined by implementation-defined
(IA226) rules.

— If EXCEPT is specified, then all known functional dependencies in T1 are known functional depen-
dencies in R.

— If INTERSECT is specified, then all known functional dependencies in T1 and all known functional
dependencies in T2 are known functional dependencies in R.

NOTE 71— Other known functional dependencies can be determined according to implementation-defined rules.

4.27 Candidate keys
If the functional dependency CK ↦ CT holds true in some table T, where CT consists of all columns of T,
and there is no proper subset CK1 of CK such that CK1 ↦ CT holds true in T, then CK is a candidate key of
T. The set of candidate keys SCK is non-empty because, if no proper subset of CT is a candidate key, then
CT is a candidate key.

NOTE 72— Because a candidate key is a set (of columns), SCK is therefore a set of sets (of columns).

A candidate key CK is a strong candidate key if CK is a BUC-set, or if T is a grouped table and CK is a subset
of the set of grouping columns of T. Let SSCK be the set of strong candidate keys.
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Let PCK be the set of P such that P is a member of SCK and P is a BPK-set.

Case:

— If PCK is non-empty, then the primary key is chosen from PCK as follows. If PCK has exactly one
element, then that element is the primary key; otherwise, the left-most element of PCK is chosen
according to the “left-most rule” below. The primary key is also the preferred candidate key.

— Otherwise, there is no primary key and the preferred candidate key is chosen as follows.

Case:

• If SSCK has exactly one element, then it is the preferred candidate key; otherwise, if SSCK has
more than one element, then the left-most element of SSCK is chosen, according to the “left-
most” rule below.

• Otherwise, if SCK has exactly one element, then it is the preferred candidate key; otherwise,
the left-most element of SCK is chosen, according to the “left-most” rule below.

— The “left-most” rule:

• This rule uses the ordering of the columns of a table, as specified elsewhere in this document.

To determine the left-most of two sets of columns of T, first list each set in the order of the
column-numbers of its members, extending the shorter list with zeros to the length of the
longer list; then, starting at the left of each ordered list, step forward until a pair of unequal
column numbers, one from the same position in each list, is found. The list containing the
number that is the smaller member of this pair identifies the left-most of the two sets of
columns of T.

To determine the left-most of more than two sets of columns of T, take the left-most of any
two sets, then pair that with one of the remaining sets and take the left-most, and so on until
there are no remaining sets.

4.28 SQL-schemas
This Subclause is modified by Subclause 4.4, “SQL-schemas”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 4.6, “SQL-schemas”, in ISO/IEC 9075-9.

An SQL-schema is a persistent descriptor that includes:

— The name of the SQL-schema.

— The <authorization identifier> of the owner of the SQL-schema.

— The name of the default character set for the SQL-schema.

— The<schemapath specification>defining theSQL-path for SQL-invoked routines for theSQL-schema.

— The descriptor of every component of the SQL-schema.

04 09 In this document, the term “schema” is used only in the sense of SQL-schema. The persistent objects
described by the descriptors are said to be owned by or to have been created by the <authorization
identifier> of the schema. Each component descriptor is one of:

— A domain descriptor.

— 09A base table descriptor.

— A view descriptor.

— A constraint descriptor.
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— A trigger descriptor.

— A privilege descriptor.

— A character set descriptor.

— A collation descriptor.

— A transliteration descriptor.

— A user-defined type descriptor.

— A routine descriptor.

— A sequence generator descriptor.

A schema is created initially using a<schemadefinition>andmaybe subsequentlymodified incrementally
over time by the execution of <SQL schema statement>s. <schema name>s are unique within a catalog.

A <schema name> is explicitly or implicitly qualified by a <catalog name> that identifies a catalog.

09Base tables and views are identified by <table name>s. A <table name> consists of a <schema name>,
followed by a <period>, followed by an <identifier>. The <schema name> identifies the schema that
includes the table descriptor of the persistent object identified by the <table name>. The <table name>s
of persistent objects defined in different schemas can have equivalent <identifier>s.

NOTE 73— Equivalence of <identifier>s is defined in Subclause 5.2, “<token> and <separator>”.

If a reference to a <table name> does not explicitly contain a <schema name>, then a specific <schema
name> is implied. The particular <schema name> associated with such a <table name> depends on the
context in which the <table name> appears and is governed by the rules for <schema qualified name>.

If a reference to an SQL-invoked routine that is contained in a <routine invocation> does not explicitly
contain a <schema name>, then the SQL-invoked routine is selected from the SQL-path of the schema.

The containing schema of an <SQL schema statement> is defined as the schema identified by the <schema
name> implicitly or explicitly contained in the name of the object that is created or manipulated by that
SQL-statement.

4.29 Sequence generators

4.29.1 General description of sequence generators

A sequence generator is a mechanism for generating successive exact numeric values, one at a time. A
sequence generator is either an external sequence generatoror an internal sequence generator. An external
sequence generator is a named schema object while an internal sequence generator is a component of
another schema object. A sequence generator has a data type, which shall be an exact numeric type with
scale 0 (zero), a minimum value, a maximum value, a start value, an increment, and a cycle option.

Specification of a sequence generator can optionally include the specification of a data type, a minimum
value, a maximum value, a start value, an increment, and a cycle option.

If a sequence generator is associatedwith a negative increment, then it is a descending sequence generator;
otherwise, it is an ascending sequence generator.

A sequence generator has a time-varying current base value, which is a value of its data type. A sequence
generator has a cycle which consists of all the possible values between the minimum value and the
maximumvaluewhich are expressible as (current base value +N * increment), whereN is a non-negative
number.
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Whena sequence generator is created, its current base value is initialized to the start value. Subsequently,
the current base value is set to the value of the lowest non-issued value in the cycle for an ascending
sequence generator, or the highest non-issued value in the cycle for a descending sequence generator.

Any time after a sequence generator is created, its current base value can be set to an arbitrary value of
its data type by an <alter sequence generator statement>.

Changes to the current base value of a sequence generator are not controlled by SQL-transactions;
therefore, commits and rollbacks of SQL-transactionshavenoeffect on the current base valueof a sequence
generator.

A sequence generator is described by a sequence generator descriptor. A sequence generator descriptor
includes:

— The sequence generator name that is a schema-qualified sequence generator name for an external
sequence generator and the zero-length character string for an internal sequence generator.

— The data type descriptor of the data type associated with the sequence generator.

— The start value of the sequence generator.

— The minimum value of the sequence generator.

— The maximum value of the sequence generator.

— The increment of the sequence generator.

— The cycle option of the sequence generator.

— The current base value of the sequence generator.

4.29.2 Operations involving sequence generators

When a <next value expression> is applied to a sequence generator SG, SG issues a value V taken from
SG’s current cycle such that V is expressible as the current base value of SG plus Nmultiplied by the
increment of SG, where N is a non-negative number.

Thus a sequence generator will normally issue all of the values in its cycle and these will normally be in
increasing or decreasing order (depending on the sign of the increment) butwithin that general ordering
separate subgroups of ordered values may occur.

If the sequence generator’s cycle is exhausted (i.e., it cannot issue a value that meets the criteria), then
a new cycle is created with the current base value set to the minimum value of SG (if SG is an ascending
sequence generator) or the maximum value of SG (if SG is a descending sequence generator).

If a newcycle is created and thedescriptor of SG includesNOCYCLE, then an exception condition is raised.

If there aremultiple instances of <next value expression>s specifying the same sequence generatorwithin
a single SQL-statement, all those instances return the same value for a given row processed by that SQL-
statement.

4.30 SQL-client modules
An SQL-client module is an SQL-environment object that can include externally-invoked procedures and
certain descriptors. An SQL-client module is created and destroyed by implementation-defined (IW109)
mechanisms (which can include the granting and revoking of privileges required for the use of the SQL-
client module). An SQL-client module exists in the SQL-environment containing an SQL-client.

If an SQL-client module S is defined by an <SQL-client module definition> that contains a <module
authorization identifier>MAI, then the owner of S isMAI; otherwise, S has no owner.
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An SQL-client module can be specified by a <SQL-client module definition> (see Subclause 13.1, “<SQL-
client module definition>”).

An SQL-client module includes:

— The name, if any, of the SQL-client module.

— The name of the host language from a compilation unit of which an externally-invoked procedure
included in the module can be invoked.

— The <module authorization identifier>, if any.

— An indication of whether or not the <module authorization identifier> is to apply to execution of
prepared statements resulting from invocation of externally-invoked procedures in the SQL-client
module that contain <prepare statement>s or <execute immediate statement>s.

— SQL-client module defaults, for use in the application of Syntax Rules to <externally-invoked pro-
cedure>s, <temporary table declaration>s, and <declare cursor>s.

• The name of the schema for use as the default <schema name> when deriving externally-
invoked procedures from <externally-invoked procedure>s, specified either by the <schema
name> or, failing that, by the <module authorization identifier>.

• The SQL-path, if any, used to qualify:

— Unqualified <routine name>s that are immediately contained in <routine invocation>s
that are contained in the SQL-client module.

— Unqualified<user-defined typename>s that are immediately contained in<path-resolved
user-defined type name>s that are contained in the SQL-client module.

• The names of zero or more SQL-client module collations, each specifying a collation for one or
more character sets for the SQL-client module.

— The name, if specified, of the character set used to express the <SQL-client module definition>.
NOTE 74—The <module character set specification> has no effect on the SQL language contained in the SQL-client
module and exists only for compatibility with ISO/IEC 9075:1992. It is used to document the character set of the
SQL-client module.

— Module contents:

• Zero or more temporary table descriptors.

• Zero or more cursor declaration descriptors.

• One or more externally-invoked procedures.

A compilation unit is a segment of executable code, possibly consisting of one or more subprograms. An
SQL-client module is associated with a compilation unit during its execution. A single SQL-client module
may be associated with multiple compilation units and multiple SQL-client modules may be associated
with a single compilation unit. The manner in which this association is specified, including the possible
requirement for execution of some implementation-defined (IW110) statement, is implementation-
defined (IW110). Whether a compilation unit may invoke or transfer control to other compilation units,
written in the same or a different programming language, is implementation-defined (IA205).

4.31 Embedded syntax
This Subclause is modified by Subclause 4.3, “Embedded syntax”, in ISO/IEC 9075-10.

10An <embedded SQL host program> is a compilation unit that consists of host language text and SQL
text. The host language text conforms to the requirements of a specific programming language. The SQL
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text consists of one or more <embedded SQL statement>s and, optionally, one or more <embedded SQL
declare section>s, as defined in this document. This allows database applications to be expressed in a
hybrid form in which SQL-statements are embedded directly in a compilation unit. Such a hybrid
compilation unit is defined to be equivalent to:

— An SQL-client module, containing externally-invoked procedures and declarations.

— A host language compilation unit in which each SQL-statement has been replaced by an invocation
of an externally-invoked procedure in the SQL-client module, and the declarations contained in
such SQL-statements have been suitably transformed into declarations in the host language.

If an <embedded SQL host program> contains an <embedded authorization declaration>, then it shall
be thefirst statement or declaration in the<embeddedSQLhost program>. The<embeddedauthorization
declaration> is not replaced by a procedure or subroutine call of an <externally-invoked procedure>, but
is removed and replaced by syntax associated with the <SQL-client module definition>’s <module
authorization clause>.

An SQL-implementation may reserve portions of the namespaces in the <embedded SQL host program>
for the names of host language elements and host language environment elements that are generated to
replace SQL-statements. This includes the names of procedures, subroutines, classes, and other resources
in the host language environment, and for program variables and branch labels that may be generated
as required to support the calling of these procedures or subroutines. Whether any such reservations
are made, and the details of any such reservations, if any, is implementation-defined (IA206).

4.32 Dynamic SQL concepts

4.32.1 Introduction to dynamic SQL

Dynamic SQL features may be used in at least two ways:

— To execute a statement that is constructed during the execution of an SQL-client module.

— During the execution of a polymorphic table function.

This Subclause and its subordinate Subclauses are primarily concerned with the first use. However,
because polymorphic table functions use some of the same features as statement-oriented dynamic SQL,
there is some mention of features particular to polymorphic table functions, especially to introduce dis-
tinctive terminology where necessary to distinguish between the two kinds of dynamic SQL.

4.32.2 Overview of dynamic SQL for constructed SQL-statements

In many cases, the SQL-statement to be executed can be coded into an <SQL-client module definition>
or into a compilation unit using the embedded syntax. In other cases, the SQL-statement is not known
when the program is written and will be generated during program execution.

Dynamic execution of SQL-statements can generally be accomplished in two different ways. Statements
canbeprepared for execution and then later executed one ormore times;when the statement is no longer
needed for execution, it can be released by the use of a <deallocate prepared statement>. Alternatively,
a statement that is needed only once can be executed without the preparation step—it can be executed
immediately (not all SQL-statements can be executed immediately).

Many SQL-statements can be written to use “parameters” (which are manifested in static execution of
SQL-statements as host parameters in <SQL procedure statement>s contained in <externally-invoked
procedure>s in <SQL-client module definition>s or as host variables in <embedded SQL statement>s
contained in <embedded SQL host program>s). In SQL-statements that are executed dynamically, the
parameters are called dynamic parameters (<dynamic parameter specification>s) and are represented
in SQL language by a <question mark> (?).
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Inmany situations, an application that generates an SQL-statement for dynamic execution knows in detail
the required characteristics (e.g., <data type>, <length>, <precision>, <scale>) of each of the dynamic
parameters used in the statement; similarly, the application may also know in detail the characteristics
of the values that will be returned by execution of the statement. However, in other cases, it is possible
that the application does not know this information to the required level of detail; it is possible in some
cases for the application to ascertain the information from the Information Schema, but in other cases
(e.g., when a returned value is derived from a computation instead of simply from a column in a table,
orwhendynamic parameters are supplied) this information is not generally available except in the context
of preparing the statement for execution.

NOTE 75— The Information Schema is defined in ISO/IEC 9075-11.

To provide the necessary information to applications, SQL permits an application to request the SQL-
server to describe a prepared statement. The description of a statement identifies the number of input
dynamic parameters (describe input) and their data type informationor it identifies thenumber of output
dynamic parameters or values to be returned (describe output) and their data type information. The
description of a statement is placed into the SQL descriptor areas already mentioned.

Many, but not all, SQL-statements can be prepared and executed dynamically.
NOTE 76—The complete list of statements that are dynamically preparable and executable is defined in Subclause 4.41.7,
“Preparable and immediately executable SQL-statements”.

Certain “set statements” (<set catalog statement>, <set schema statement>, <set names statement>, and
<set path statement>) have no effect other than to set up default information (catalog name, schema
name, character set, and SQL path, respectively) to be applied to other SQL-statements that are prepared
or executed immediately or that are invoked directly.

Syntax errors andAccessRule violations causedby thepreparationor immediate executionof <preparable
statement>s are identified when the statement is prepared (by <prepare statement>) or when it is
executed (by <execute statement> or <execute immediate statement>); such violations are indicated by
the raising of an exception condition.

When describing input dynamic parameters, the number of input dynamic parameters is the number of
<dynamic parameter specification>s in the SQL-statement prior to any syntactic transformations defined
in the Syntax Rules of this document.When executing a prepared SQL-statement, all instances of an input
dynamic parameter that has been effectively replicated are set to the same value, which is the value
supplied for that input dynamic parameter.

4.32.3 Overview of dynamic SQL for polymorphic table functions

Polymorphic table functions are described in Subclause Subclause 4.35, “SQL-invoked routines”. Poly-
morphic table functions use SQLdescriptor areas to describe the row types of generic tables, anddynamic
cursors to support table arguments. Polymorphic table functions may fetch from a dynamic cursor into
anSQLdescriptor area. Polymorphic table functionsuse adynamic SQL statement, <pipe rowstatement>,
to output a rowof the result table. In addition, polymorphic table functionsmay construct SQL-statements
for preparation or dynamic execution.

4.32.4 Dynamic SQL statements and descriptor areas

An <execute immediate statement> can be used for a one-time preparation and execution of an SQL-
statement. A <prepare statement> is used to prepare the generated SQL-statement for subsequent exe-
cution. A <deallocate prepared statement> is used to deallocate SQL-statements that have been prepared
with a <prepare statement>. A description of the input dynamic parameters for a prepared statement
can be obtained by execution of a <describe input statement>. A description of the resultant columns of
a <dynamic select statement> or <dynamic single row select statement> can be obtained by execution
of a <describe output statement>. A description of the output dynamic parameters of a statement that is
neither a <dynamic select statement> nor a <dynamic single row select statement> can be obtained by
execution of a <describe output statement>.
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For a statement other than a <dynamic select statement>, an <execute statement> is used to associate
parameters with the prepared statement and execute it as though it had been coded when the program
was written. For a <dynamic select statement>, the prepared <cursor specification> is associated with a
declared dynamic cursor via a <dynamic declare cursor> or with an extended dynamic cursor via an
<allocate extended dynamic cursor statement>. The dynamic cursor can be opened and dynamic para-
meters can be associated with the dynamic cursor with a <dynamic open statement>. Operations on an
open dynamic cursor are described in Subclause 4.40.2, “Operations on and using cursors”.

The interface for input dynamic parameters and output dynamic parameters for a prepared statement
and for the resulting values from a <dynamic fetch statement> or the execution of a prepared <dynamic
single row select statement> can be either a list of dynamic parameters or embedded variables or an SQL
descriptor area. An SQL descriptor area consists of one or more item descriptor areas, together with a
header that includes a count of thenumber of those itemdescriptor areas. Theheader of an SQLdescriptor
area consists of the components in Table 28, “Data types of <key word>s used in the header of SQL
descriptor areas”, in Subclause 20.1, “Description of SQL descriptor areas”. Each item descriptor area
consists of the components specified in Table 29, “Data types of <keyword>s used in SQL itemdescriptor
areas”, in Subclause 20.1, “Description of SQL descriptor areas”. The SQL descriptor area is allocated and
maintained by the system with the following statements: <allocate descriptor statement>, <deallocate
descriptor statement>, <set descriptor statement>, and <get descriptor statement>.

Two kinds of identifier are used for referencing dynamic SQL objects, extended names and non-extended
names. An extendedname is an <identifier> assigned to a parameter or variable and the object it identifies
is referenced indirectly, by referencing that parameter or variable. A non-extended name is just an
<identifier>and theobject it identifies is referencedbyusing that <identifier>directly in anSQL-statement.

SQLdescriptor areas, dynamic statements, anddynamic cursors can be identified either by non-extended
names or by extended names.

Two extended names are equivalent if their values, with leading and trailing <space>s removed, are
equivalent according to the rules for <identifier> comparison in Subclause5.2, “<token>and<separator>”.

The scope of an extended name is global, local, or the invocation of the component procedures of a poly-
morphic table function, and is determined by the run-time context in which the object it identifies is
brought into existence.

The scope of a global extended name GEN is the SQL-session, meaning that, during the existence of the
object O it identifies, GEN can be used to reference O by any SQL-statement executed in that SQL-session.

The scope of a local extended name LEN is the SQL-client moduleM containing the externally-invoked
procedure that is being executed when the object O identified by LEN is brought into existence. This
means that, during the existence of O, LEN can be used to reference O by any SQL-statement executed in
the same SQL-session by an externally-invoked procedure inM.

The scopeof a PTFextendednamePTFEN is the invocationof the component procedures of a polymorphic
table function PTF. PTFEN identifies an object O during the execution of the PTF component procedures
of PTF. If polymorphic table function invocations are nested, then a PTF extended name references an
object of the innermost active polymorphic table invocation.

The scope of a non-extended name is the <SQL-client module definition> containing the SQL-statement
that defines it.

NOTE 77— The namespace of non-extended names is different from the namespace of extended names.

Let PRP be the prepared statement resulting from execution of a <prepare statement> in an externally-
invoked procedure, SQL-invoked routine, or triggered action E. In the following cases, PRP has no owner:

— E is an SQL-invoked routine whose security characteristic is INVOKER.

— E is an externally-invoked procedure contained in an SQL-client module that either has no owner
or for which FOR STATIC ONLY was specified.

108 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
4.32 Dynamic SQL concepts

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


Otherwise, the owner of PRP is the owner of E.

When an <execute statement> executes PRP, if PRP has an owner, then the top cell of the authorization
stack is set to contain only the authorization identifier of the owner of PRP.

4.33 Direct invocation of SQL
Direct invocation of SQL is a mechanism for executing direct SQL-statements, known as <direct SQL
statement>s. In direct invocation of SQL, the method of invoking <direct SQL statement>s, the method
of raising conditions that result from the execution of <direct SQL statement>s, the method of accessing
the diagnostics information that results from the execution of <direct SQL statement>s, and the method
of returning the results are implementation-defined (IW113). The method of accessing the diagnostics
information shall not alter the contents of the diagnostics area.

4.34 Externally-invoked procedures
An externally-invoked procedure consists of an SQL-statement and can be invoked from a compilation
unit of a host language. The host language is specified by the <language clause> of the SQL-clientmodule
that contains the externally-invoked procedure.

4.35 SQL-invoked routines
This Subclause is modified by Subclause 4.6, “SQL-invoked routines”, in ISO/IEC 9075-3.
This Subclause is modified by Subclause 4.5, “SQL-invoked routines”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 4.3, “SQL-invoked routines”, in ISO/IEC 9075-13.
This Subclause is modified by Subclause 4.6, “SQL-invoked routines”, in ISO/IEC 9075-14.

4.35.1 Overview of SQL-invoked routines

This Subclause is modified by Subclause 4.5.1, “Overview of SQL-invoked routines”, in ISO/IEC 9075-4.

Figure 4, “Taxonomy of SQL-invoked routines”, depicts the relationships between various categories of
SQL-invoked routines. Every use of the word “or” in this paragraph is exclusive. An SQL-invoked routine
is an SQL-invoked procedure or an SQL-invoked function. An SQL-invoked function is a conventional
SQL-invoked function or a polymorphic table function. A conventional SQL-invoked function is an SQL-
invoked method or an SQL-invoked regular function. A conventional SQL-invoked routine is an SQL-
invoked procedure, SQL-invokedmethod, or an SQL-invoked regular function. (Stated differently, an SQL-
invoked routine that is not a polymorphic table function is a conventional SQL-invoked routine.) A con-
ventional SQL-invoked routine has a routine body, by which it is classified as either an SQL routine or an
external routine. Polymorphic table functions are not classified by routine body. Not shown in Figure 4,
“Taxonomy of SQL-invoked routines”, SQL-invoked methods are subdivided into the mutually exclusive
categories of instance methods, constructor methods, and static methods; they can also be classified as
original or overriding methods.
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Classified by
declaration and
invocation syntax:

Classified by
routine body:

SQL-invoked routine

SQL-invoked function

SQL-invoked procedure Conventional SQL-
invoked function

Polymorphic table
function

SQL-invoked method SQL-invoked
regular function

Conventional SQL-invoked routine

SQL routine External routine

Figure 4— Taxonomy of SQL-invoked routines

An SQL-invoked routine comprises at least a routine name, zero or more SQL parameters, and a routine
body. Each parameter has a parameter type (also known as declared type), specified as a <data type>,
<generic table parameter type>, or <descriptor parameter type>.

04An SQL-invoked routine that is an element of an SQL-schema is called a schema-level routine.

An SQL-invoked routine SR is said to be dependent on a user-defined type UDT if SR is created during the
execution of the <user-defined type definition> that created UDT or if SR is created during the execution
of an <alter type statement> that specifies an <add attribute definition>. An SQL-invoked routine that is
dependent on a user-defined type cannot be modified by an <alter routine statement> or be destroyed
by a <drop routine statement>. It is destroyed implicitly by a <drop data type statement>.

An SQL-invoked procedure is a conventional SQL-invoked routine that is invoked from an SQL <call
statement>. An SQL-invoked procedure may have input SQL parameters, output SQL parameters, and
SQL parameters that are both input SQL parameters and output SQL parameters. A default value may be
associated with an SQL parameter that is an input SQL parameter or both an input SQL parameter and
an output SQL parameter. The format of an SQL-invoked procedure is specified by <SQL-invoked proced-
ure> (see Subclause 11.60, “<SQL-invoked routine>”).

An SQL-invoked proceduremay optionally be specified to require a new savepoint level to be established
when it is invoked and destroyed on return from the executed routine body. The alternative of not taking
a savepoint can also be directly specified with OLD SAVEPOINT LEVEL. When an SQL-invoked function
is invoked a new savepoint level is always established. Savepoint levels are described in Subclause 4.43.2,
“Savepoints”.

An SQL-invoked function is either a conventional SQL-invoked function or a polymorphic table function.
A conventional SQL-invoked function is an SQL-invoked routine whose invocation returns a value of some
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<data type>. Every parameter of a conventional SQL-invoked function is an input SQL parameter, one of
which may be designated as the result SQL parameter. A default value may be associated with any SQL
parameter of a conventional SQL-invoked function. The format of a conventional SQL-invoked function
is specified by <SQL-invoked function> (see Subclause 11.60, “<SQL-invoked routine>”). A conventional
SQL-invoked function can be a type-preserving function; a type-preserving function is an SQL-invoked
function that has a result SQL parameter. The most specific type of a non-null result of invoking a type-
preserving function shall be compatiblewith themost specific typeof thevalueof the argument substituted
for its result SQL parameter.

A polymorphic table function is an SQL-invoked routine whose invocation returns a table, and either the
return type or at least one parameter type is a generic table (a tablewhose row type is not declaredwhen
the polymorphic table function is created). Every parameter of a polymorphic table function is an input
SQLparameter. A default valuemaybe associatedwith any SQLparameter of a polymorphic table function
that is not a generic table parameter. The format of a polymorphic table function is specified by <SQL-
invoked function> (see Subclause 11.60, “<SQL-invoked routine>”).

An SQL-invokedmethod is an SQL-invoked function that is specifiedby<method specificationdesignator>
(see Subclause 11.60, “<SQL-invoked routine>”). There are three kinds of SQL-invoked methods: SQL-
invoked constructor methods, instance SQL-invoked methods and static SQL-invoked methods. All SQL-
invoked methods are associated with a user-defined type, also known as the type of the method. The
<method characteristic>s of an SQL-invokedmethod are specifiedby a<method specification> contained
in the<user-defined typedefinition>of the type of themethod. For both an instance SQL-invokedmethod
and an SQL-invoked constructor method all of the following are true:

— Its first parameter, called the subject parameter, has a declared type that is a user-defined type. The
typeof the subject parameter is the typeof themethod.Aparameter other than the subject parameter
is called an additional parameter.

— Its descriptor is in the same schema as the descriptor of the data type of its subject parameter.

An SQL-invoked constructor method satisfies the following additional conditions:

— Its <methodname> is equivalent to the <qualified identifier> simply contained in the <user-defined
type name> included in the user-defined type descriptor of the type of the method.

A static SQL-invoked method satisfies the following conditions:

— It has no subject parameter. Its first parameter, if any, is treated no differently than any other
parameter.

— Its descriptor is in the same schema as the descriptor of the structured type of the method. The
nameof this type (or of somesubtypeof it) is always specified togetherwith thenameof themethod
when the method is to be invoked.

A conventional SQL-invoked function that is not an SQL-invokedmethod is an SQL-invoked regular function.
An SQL-invoked regular function is specified by <function specification> (see Subclause 11.60, “<SQL-
invoked routine>”).

A null-call function is an SQL-invoked function that is defined to return the null value if any of its input
arguments is the null value. A null-call function is an SQL-invoked function whose <null-call clause>
specifies “RETURNS NULL ON NULL INPUT”.

4.35.2 Characteristics of SQL-invoked routines

This Subclause ismodified by Subclause 4.3.1, “Characteristics of SQL-invoked routines”, in ISO/IEC 9075-13.

A conventional SQL-invoked routine can be an SQL routine or an external routine. An SQL routine is an
SQL-invoked routine whose <language clause> specifies SQL. The <routine body> of an SQL routine is
an <SQL procedure statement>; the <SQL procedure statement> forming the <routine body> can be any
SQL-statement, including an <SQL control statement>, but excluding an <SQL connection statement> and
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an <SQL transaction statement> other than a <savepoint statement>, a <release savepoint statement>,
or a <rollback statement> that specifies a <savepoint clause>.

13An external routine is one whose <language clause> does not specify SQL. The <routine body> of an
external routine is an <external body reference> whose <external routine name> identifies a program
written in some programming language other than SQL. The program identified by <external routine
name> shall not execute either an <SQL connection statement> or an <SQL transaction statement> other
than a <savepoint statement>, a <release savepoint statement>, or a <rollback statement> that specifies
a <savepoint clause>.

The<routinebody>of apolymorphic table functiondoesnot specify a single routine; insteadapolymorphic
table function has one or more PTF component procedures, each of which is an SQL-invoked procedure.
The PTF component procedures of a polymorphic table function are:

— The PTF describe component procedure (optional).

— The PTF start component procedure (optional).

— The PTF fulfill component procedure (required).

— The PTF finish component procedure (optional).

PTF component procedures are SQL-invoked procedures, and consequently they have the characteristics
of SQL-invoked procedures, as described in this Subclause. The role of the PTF component procedures
is described in Subclause4.35.4, “Invocationof polymorphic table functions”. Apolymorphic table function
mayoptionally have oneormoreprivate parameters,whichdeclare the private variables that are available
for communication between the PTF component procedures.

An SQL-invoked routine is uniquely identified by a <specific name>, called the specific name of the SQL-
invoked routine.

SQL-invoked routines are invoked differently depending on their form. SQL-invoked procedures are
invoked by <call statement>s. SQL-invoked regular functions are invoked by <routine invocation>s that
are not simply contained in a<PTFderived table>. Instance SQL-invokedmethods are invokedby<method
invocation>s, while SQL-invoked constructor methods are invoked by <new specification>s and static
SQL-invoked methods are invoked by <static method invocation>s. A polymorphic table function is
invoked by a <PTF derived table>.

An invocation of an SQL-invoked routine specifies the <routine name> of the SQL-invoked routine and
supplies a sequence of argument values corresponding to the <SQL parameter declaration>s of the SQL-
invoked routine. The sequenceof argument values canbepassed either bypositionor by argument name.
A subject routineof an invocation is an SQL-invoked routine thatmaybe invokedby a<routine invocation>.
After the selection of the subject routine of a <routine invocation>, the SQL arguments are evaluated and
the SQL-invoked routine that will be executed is selected.

13The following cases apply when selecting the SQL-invoked routine to be executed:

— If the subject routine is an instance SQL-invoked method, then the SQL-invoked routine that is
executed is selected from the set of overriding methods of the subject routine. (The term “set of
overriding methods” is defined in the General Rules of Subclause 9.18, “Invoking an SQL-invoked
routine”.) The overridingmethod that is selected is the overridingmethodwith a subject parameter
the type designator of whose declared type precedes that of the declared type of the subject para-
meter of every other overriding method in the type precedence list of the most specific type of the
value of the SQL argument that corresponds to the subject parameter. See the General Rules of
Subclause 9.18, “Invoking an SQL-invoked routine”.

— If the subject routine is not an SQL-invoked method, then the SQL-invoked routine executed is that
subject routine.
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After the selection of the SQL-invoked routine for execution, the values of the SQL arguments that do not
specify DEFAULT are assigned to the corresponding SQL parameters of the SQL-invoked routine and
default values are assigned to any SQL parameter of the SQL-invoked routine for which either no SQL
argument is supplied or for which the corresponding SQL argument specifies DEFAULT.

After constructing the argument list, the SQL-invoked routine is executed. The execution of polymorphic
table functions is described in Subclause 4.35.4, “Invocation of polymorphic table functions”. If the SQL-
invoked routine is not a polymorphic table function, then its <routine body> is executed. If the SQL-
invoked routine is an SQL routine, then the <routine body> is an <SQL procedure statement> that is
executed according to the General Rules of <SQL procedure statement>. If the SQL-invoked routine is an
external routine, then the <routine body> identifies a program written in some programming language
other than SQL that is executed according to the rules of that host language.

The<routinebody>of a conventional SQL-invoked routine is always executedunder the sameSQL-session
from which the SQL-invoked routine was invoked. Before the execution of the <routine body>, a new
context for the current SQL-session is created and the values of the current context preserved. When the
execution of the <routine body> completes the original context of the current SQL-session is restored.

The PTFdescribe component procedure of a polymorphic table function is executed under the same SQL-
session from which the polymorphic table function was invoked. The other PTF component procedures
of a polymorphic table function are executed on one ormore virtual processors, each of which has a new
context for the current SQL-session, that being a copy of the current context. As each virtual processor
completes the execution of its PTF component procedures, the virtual processor is destroyed. When all
virtual processors have been destroyed, the original context of the current SQL-session is restored. See
Subclause 4.35.4, “Invocation of polymorphic table functions”.

If the SQL-invoked routine is an external routine, then an effective SQL parameter list is constructed
before the execution of the <routine body>. The effective SQL parameter list has different entries
depending on the parameter passing style of the SQL-invoked routine.

The value of each entry in the effective SQL parameter list is set according to the General Rules of
Subclause 9.18, “Invoking an SQL-invoked routine”.

13The values in the effective SQL parameter list are passed to the program identified by the <routine
body> according to the rules of Subclause 13.5, “Data type correspondences”.

After the execution of that program, if the parameter passing style of the SQL-invoked routine is SQL,
then the SQL-implementationobtains the values for output parameters (if any), the value (if any) returned
from the program, the value of the SQLSTATE, and the value of the message text (if any) from the values
assigned by the program to the effective SQL parameter list. If the parameter passing style of the SQL-
invoked routine is GENERAL, then such values are obtained in an implementation-defined (IW114)
manner.

Different SQL-invoked routines can have equivalent <routine name>s. No two SQL-invoked functions in
the same schema are allowed to have the same signature. No two SQL-invoked procedures in the same
schema are allowed to have the same name and the same number of parameters. Subject routine
determination is the process for choosing the subject routine for a given <routine invocation> given a
<routine name> and an <SQL argument list>. Subject routine determination for SQL-invoked functions
considers themost specific types of all of the arguments (that is, all of the arguments that are not <dynamic
parameter specification>s whose types are not known at the time of subject routine determination) to
the invocation of the SQL-invoked function in order from left to right. Where there is not an exact match
between themost specific types of the arguments and the declared types of the parameters, type preced-
ence lists are used to determine the closest match. See Subclause 9.6, “Subject routine determination”.

If a <routine invocation> is contained in the original <query expression> of a view, in the <search condi-
tion> of a check constraint or an assertion, the <triggered action> of a trigger, or in an <SQL-invoked
routine>, then the subject routine for that invocation is determined at the time the view is created, the
check constraint is defined, the assertion is created, the trigger is created, or the SQL-invoked routine is
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created. The PTF component procedures of a polymorphic table function are determined at the time the
polymorphic table function is created. If a <routine invocation> is contained in the hierarchical <query
expression>of a viewV, then the subject routine for that invocation is determined at the time the subview
SV of Vwhose original <query expression> contains the <routine invocation> is created. If the subject
routine is an SQL-invoked procedure, an SQL-invoked regular function, a static SQL-invoked method, or
a polymorphic table function, then the same SQL-invoked routine is executedwhenever the view is used,
the check constraint or assertion is evaluated, the trigger is executed, or the SQL-invoked routine is
invoked. If the subject routine is an instance SQL-invoked method, then the SQL-invoked routine that is
executed is determined whenever the view is used, the check constraint or assertion is evaluated, the
trigger is executed, or the SQL-invoked routine is invoked, based on the most specific type of the value
resulting from the evaluation of the SQL argument that correspond to the subject parameter. See the
General Rules of Subclause 9.18, “Invoking an SQL-invoked routine”.

All <identifier chain>s in the <routine body> of an SQL routine are resolved to identify the basis and basis
referent at the time that the SQL routine is created. Thus, the same columns and SQL parameters are
referenced whenever the SQL routine is invoked.

An SQL-invoked routine is either deterministic or possibly non-deterministic. An SQL-invoked function
that is deterministic always returns the identical return value for a given list of SQL argument values. An
SQL-invoked procedure that is deterministic always returns the identical values in its output and inout
SQL parameters for a given list of SQL argument values. An SQL-invoked routine is possibly non-
deterministic if itmight producenon-identical resultswhen invokedwith the identical list of SQLargument
values.

An external routinedoes not possibly contain SQL, possibly contains SQL, possibly reads SQL-data, orpossibly
modifies SQL-data. Only an external routine that possibly contains SQL, possibly reads SQL-data, or possibly
modifies SQL-data is permitted to execute SQL-statements during its invocation. Only an SQL-invoked
routine that possibly reads SQL-data or possibly modifies SQL-data may read SQL-data during its invo-
cation. Only an SQL-invoked routine that possibly modifies SQL-data may modify SQL-data during its
invocation.

An SQL-invoked routine has a routine authorization identifier, which is (directly or indirectly) the
authorization identifier of the owner of the schema that contains the SQL-invoked routine at the time
that the SQL-invoked routine is created.

4.35.3 Execution of conventional SQL-invoked routines

This Subclause is modified by Subclause 4.5.2, “Execution of conventional SQL-invoked routines”, in ISO/IEC
9075-4.

When an SQL-invoked routine is invoked, a copy of the current SQL-session context is pushed onto the
stack and some values are modified (see the General Rules of Subclause 9.18, “Invoking an SQL-invoked
routine”), before the <routine body> is executed. The treatment of the authorization stack is described
in Subclause 4.42.1.2, “SQL-session authorization identifiers”.

04An SQL-invoked routine has a routine SQL-path, which is inherited from its containing SQL-schema, the
current SQL-session, or the containing SQL-client module.

An SQL-invoked routine that is an external routine also has an external routine SQL-path, which is derived
from the <module path specification>, if any, of the <SQL-client module definition> contained in the
external program identified by the routine body of the external routine. If that <SQL-client module
definition> does not specify a <module path specification>, then the external routine SQL-path is an
implementation-defined(ID041)SQL-path. ForbothSQLandexternal routines, the SQL-pathof the current
SQL-session is used to determine the searchorder for the subject routine of a <routine invocation>whose
<routine name>does not contain a <schemaname> if the <routine invocation> is contained in a <prepar-
able statement> that is prepared in the current SQL-session or in a <direct SQL statement>. SQL routines
use the routine SQL-path to determine the search order for the subject routines of a <routine invocation>
whose <routine name> does not contain a <schema name> if the <routine invocation> is not contained
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in a <preparable statement> that is prepared in the current SQL-session or in a <direct SQL statement>.
External routines use the external routine SQL-path to determine the search order for the subject routine
of a <routine invocation> whose <routine name> does not contain a <schema name> if the <routine
invocation> is not contained in a <preparable statement> that is prepared in the current SQL-session or
in a <direct SQL statement>.

4.35.4 Invocation of polymorphic table functions

An invocation PTFI of a polymorphic table function PTF is performed in two phases, called compilation
and execution. Generally speaking, compilation is performedby Syntax Rules, and execution is performed
by General Rules.

NOTE 78— During compilation, there are certain Syntax Rules SRS that invoke certain General Rules GRS. Any exception
condition that occurs during GRS is effectively converted to syntax error or access rule violation (42000) by the invoking
SRS.

The <routine body> of PTF specifies one or more of the following PTF component procedures:

— The PTF describe component procedure (optional).

— The PTF start component procedure (optional).

— The PTF fulfill component procedure (required).

— The PTF finish component procedure (optional).

The PTF component procedures are conventional SQL-invoked procedures, which are invoked automat-
ically as part of thepolymorphic table function invocation. This Subclausedescribes theorder of invocation
and coordination between the PTF component procedures of PTF, which collectively constitutes the
execution of PTF.

NOTE 79— The PTF component procedures in this regard are analogous to the underlying tables of a view. A query that
references a view must ultimately reference its underlying tables, yet the query itself does not mention the underlying
tables, and the user might lack the privilege to know the names or columns of the underlying tables. In the same fashion, a
query that invokes a polymorphic table function must ultimately invoke the PTF component procedures; however, the
query does not contain explicit mention of the PTF component procedures, and the user might not have the privilege to
learn the identity of the PTF component procedures.

The compilation phase of PTFI invokes the PTF describe component procedure.

The execution phase of PTFI is performed on one or more virtual processors. Each virtual processor
invokes the PTF start component procedure (if any), PTF fulfill component procedure, and PTF finish
component procedure (if any). Each virtual processor is assigned a list of PTF dynamic cursors, one for
each input table, which may be read by the PTF fulfill component procedure. The PTF component
procedures of the execution phasemay generate result rows by performing a <pipe row statement>. The
result of PTFI is the multiset union of all result rows that are generated on all virtual processors.

As a specification device solely for polymorphic table functions, limited support for SQL variables as
defined in ISO/IEC 9075-4 is assumed; this does not assume or require conformance to ISO/IEC 9075-4.
These SQL variables are called PTF variables.

The compilation phase and each virtual processor of the execution phase of PTFI use an associated PTF
data area, comprising the following items:

— A PTF variable (called a private variable) for each private parameter of PTF. The declared type of
each private variable is the declared type of the corresponding private parameter.

— For each generic table parameter GTA of PTF,

• A PTF descriptor area of the full row type of GTA.

• If GTA has set semantics, then:
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A PTF descriptor area of the partitioning of GTA.—

— A PTF descriptor area of the ordering of GTA.

• A PTF descriptor area of the requested row type of GTA.

• A PTF dynamic cursor for GTA.

• A PTF descriptor area of the row type of the PTF dynamic cursor for GTA.

— For each descriptor argument DA of PTF, either the null value or an SQL descriptor area.

— A PTF descriptor area for the initial result row type of PTF.

— A PTF descriptor area of the intermediate result row type of PTF.

— A PTF variable of declared type CHARACTER(5) called the status variable.

Each PTF variable in a PTF data area has a distinct implementation-dependent (UV063) name. Each SQL
descriptor area and each PTF dynamic cursor in a PTF data area area has a distinct PTF extended name.
The scopeof these variable names andPTFextendednames is the executionof the component procedures
of PTF as they are invoked in Subclause 9.27, “Invocation of a PTF component procedure”, during the
compilation and execution phases of PTFI.

Pass-through columns are a device that enables a polymorphic table function to conveniently copy
columns of a table argument to a result row. A generic table parameter specifies either PASS THROUGH
or NO PASS THROUGH. If a generic table parameter specifies PASS THROUGH, then the cursor for that
generic table parameter is augmented with one additional column, the pass-through input surrogate
column, of implementation-dependent (UV064) declared type andname,whose value represents all non-
partitioning columns of that table argument. The intermediate result row descriptor is correspondingly
augmentedwith one additional column, thepass-through output surrogate column, of the same implemen-
tation-dependent (UV064) type and name. The PTF fulfill component procedure can copy the value from
the pass-through input surrogate column to the pass-through output surrogate column to indicate that
all non-partitioning columns of the row of the table argument are copied to the result row. Alternatively,
the PTF fulfill component procedure may set the value of the pass-through output surrogate column to
the null value to indicate that these output columns are all set to the null value. These non-partitioning
columns of the table argument are called the input pass-through columns of the table argument; the cor-
responding columns in the result row are called the output pass-through columns of the table argument.

As stated above, each generic table parameter GTA has three associated row type descriptors, which are
used as follows. The full row type descriptor is populated by the SQL-server prior to invoking the PTF
describe routine. The full row type descriptor describes every column of GTA. The requested row type
descriptor is populated by the PTF describe component procedure to indicate which columns of GTA the
PTF requests to receive via the PTF cursor for GTA during the PTF fulfill component procedure. The PTF
cursor row type descriptor describes the PTF cursor for GTA, having one column for each column of the
requested row type descriptor, plus, if GTA has pass-through columns, one additional column (the pass-
through input surrogate column) of implementation-dependent (UV064) declared type and name.

A PTF data area has two result row type descriptors. The initial result row type descriptor describes the
proper result columns of the polymorphic table function. There are three cases:

— If the polymorphic table function specifies a <table function column list>, then that specifies the
initial result row type.

— If the polymorphic table function specifies RETURNS ONLY PASS THROUGH, then the initial result
row type descriptor is empty.

— Otherwise, the initial result row type descriptor is populated by the PTF describe component pro-
cedure.
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The intermediate result row type descriptorMRRTD is a copy of the initial result row type descriptor,
plus one additional column for the pass-through output surrogate column of implementation-dependent
(UV064)declared type andname for each generic table parameter that has pass-through columns.MRRTD
is used by the PTF component procedures during the execution phase using a <pipe row statement> to
pass a result row to the SQL-server. The SQL-server expands the row received inMRRTD to obtain a
complete result row by adding the partitioning columns of any partitioned table argument and by
replacing each pass-through output surrogate column PTOSCwith the non-partitioning columns of the
row of the table argument represented by the value of PTOSC.

The result row type of PTFI comprises the following columns:

— The proper result columns, qualified by the <correlation name> of PTFI.

— The partitioning columns of PTFI, qualified by the range variables of their table arguments.

— The pass-through columns, qualified by the range variables of their table arguments.

The PTF component procedures receive the PTF variables and the PTF extended names as arguments,
enabling the PTF component procedures to communicate with one another. The flow of information
during a polymorphic table invocation is shown schematically in Figure 5, “Flow of information during
the invocation of a polymorphic table function”. The diagram does not show the PTF dynamic cursors,
which are only openduring the executionof thePTF fulfill componentprocedure oneachvirtual processor.

COMPILATION

PTF describe component procedure

PTF data area for compilation

SQL-server

Query:
SELECT …
FROM TABLE (PTF (…))...

EXECUTION

Virtual processor 1
Start — —Fulfill Finish

Start — —Fulfill Finish

Start — —Fulfill Finish

PTF data area for execution

Virtual processor 2

PTF data area for execution

Virtual processor 3

PTF data area for execution
.
.
.

Figure 5— Flow of information during the invocation of a polymorphic table function

Thus a PTF component procedure may receive information from a previously executed PTF component
procedure, treating the private variables as input arguments, and may pass information to later PTF
component procedures, treating the private variables as output arguments.

© ISO/IEC 2023 – All rights reserved 117

ISO/IEC 9075-2:2023(E)
4.35 SQL-invoked routines

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


The parameter lists of the PTF component procedures are determined by Subclause 9.26, “Signatures of
PTF component procedures”. The argument lists to invoke them are constructed in Subclause 9.27,
“Invocation of a PTF component procedure”. The precise parameter lists and arguments lists of PTF
component procedures are mandated if the implementation supports Feature B208, “PTF component
procedure interface”; otherwise, the parameter lists and arguments lists are implementation-defined
(ID042) but shall be effectively equivalent to those specified in those Subclauses.

The parameter lists of PTF component procedures as specified by the Syntax Rules of Subclause 9.26,
“Signatures of PTF component procedures”, are illustrated schematically inTable 10, “Schematic diagram
of effective parameter lists of PTF component procedures”. However, parameters of a PTF component
procedure PTFC that are derived from parameters of PTF are placed in the parameter list of PTFC in the
order of declaration in the <SQL parameter declaration list> of PTF rather than segregated categorically
as shown in the second through eighth rows of the table.

Table 10— Schematic diagram of effective parameter lists of PTF component procedures

finishfulfillstartdescribe

Yes (in/out)Yes (in/out)Yes (in/out)Yes (in/out)Private variables

Yes (in)Yes (in)Yes (in)Yes (in)Scalar parameters

Name of the
descriptor
(in)

Full row descriptor of a table
argument

Name of the
descriptor
(in)

Requested row descriptor of
a table argument

Name of the
descriptor
(in)

Name of the
descriptor
(in)

Name of the
descriptor
(in)

Row descriptor of a table
argument’s cursor

Name of the
descriptor
(in)

Name of the
descriptor
(in)

Name of the
descriptor
(in)

Name of the
descriptor
(in)

Table argument partitioning
descriptor (tables with set
semantics only)

Name of the
descriptor
(in)

Name of the
descriptor
(in)

Name of the
descriptor
(in)

Name of the
descriptor
(in)

Table argument ordering
descriptor (tables with set
semantics only)

Name of the
input cursor
(in)

Input table cursor

Name of the
descriptor
(in)

Initial result row type
descriptor

Name of the
descriptor
(in)

Name of the
descriptor
(in)

Name of the
descriptor
(in)

Intermediate result row type
descriptor

Yes (in/out)Yes (in/out)Yes (in/out)Yes (in/out)Status variable

118 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
4.35 SQL-invoked routines

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


The Syntax Rules for an invocation of PTF execute the PTF describe component procedure of PTF (see
the SyntaxRules of Subclause9.18, “Invoking an SQL-invoked routine”). Thepurposes of thePTFdescribe
component procedure are:

— To perform any syntactic checks that are particular to the polymorphic table function. (The PTF
describe component procedure returns a completion condition other than successful completion
(00000) to indicate a syntax error.)

— To request columns of each table argument. (The requested columns aremade available to the PTF
fulfill component procedure via a PTF extended cursor.)

— To initialize the values of the private variables.

— If the polymorphic table function does not specify a result row type and does not specify RETURNS
PASS THROUGH ONLY, then to describe the initial row type of the output table of PTF.

ThePTFdescribe component procedure is invokedonce,with access to SQLdescriptor areas that describe
the input tables, but without access to the rows of those input tables.

The General Rules for an invocation of PTF execute the other PTF component procedures in a prescribed
sequence. Execution is performed on one ormore virtual processors, each having a context that is a copy
of the original SQL-session context. The virtual processors are determined based on the partitioning and
co-partitioning of the table arguments, as described in Subclause 9.25, “Execution of an invocation of a
polymorphic table function”. Each virtual processor has a cursor for each table argument; the cursormay
read only a partition of the table argument. There is no communication between virtual processors; each
virtual processor operates independently.

On a virtual processor VP, the PTF start component procedure, if specified, may perform initialization
tasks such as opening files. The PTF start component procedure is optional. If specified, the PTF start
component procedure is invoked with the values of the private variables of the PTF that were output by
the PTF describe component procedure. The private variables are passed using input/output arguments
so the PTF start component proceduremay alter the values of the private values in order to communicate
with the PTF fulfill component procedure and the PTF finish component procedure on virtual processor
VP.

After the PTF start component procedure finishes executing on VP, a PTF dynamic cursor is opened for
each table argument. For each table argument, the row set of a PTF dynamic cursor is limited to just the
rows of the partition that has been assigned to VP.

Next the PTF fulfill component procedure is invoked on VP. The PTF fulfill component procedure may
read from the PTF dynamic cursors, and may use the <pipe row statement> to output rows of the result
table of PTF. The PTF fulfill component procedure receives the private variables as input, as they were
output from the PTF start component procedure on VP (if specified) or the PTF describe component
procedure. The PTF fulfill component procedure may set new values of the private variables to commu-
nicate with the PTF finish component procedure on the virtual processor VP.

After the PTF fulfill component procedure terminates, the PTF dynamic cursors on VP are closed. Finally,
the PTF finish component procedure, if specified, is invoked on VP. The PTF finish component procedure
receives the private variables as they were output by the PTF fulfill component procedure on the same
virtual processor VP.

The result of an invocation of PTF is the multiset of rows produced by <pipe row statement>s that are
executed on all virtual processors.

4.35.5 Routine descriptors

This Subclause is modified by Subclause 4.5.3, “Routine descriptors”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 4.6.1, “Routine descriptors”, in ISO/IEC 9075-14.

04 14An SQL-invoked routine is described by a routine descriptor. A routine descriptor includes:

© ISO/IEC 2023 – All rights reserved 119

ISO/IEC 9075-2:2023(E)
4.35 SQL-invoked routines

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


— The routine name of the SQL-invoked routine.

— The specific name of the SQL-invoked routine.

— The routine authorization identifier of the SQL-invoked routine.

— The routine SQL-path of the SQL-invoked routine.

— If the routine is not a polymorphic table function, then the name of the language in which the body
of the SQL-invoked routine is written.

— 14 For each of the SQL-invoked routine’s SQL parameters:

• The <SQL parameter name>, if it is specified.

• The <parameter type>.

• The ordinal position.

• An indication of whether the SQL parameter is an input SQL parameter, an output SQL para-
meter, or both an input SQL parameter and an output SQL parameter.

• An indication of whether the SQL parameter has a default value, and if so the <parameter
default>.

— An indication of whether the SQL-invoked routine is an SQL-invoked function or an SQL-invoked
procedure.

— If the SQL-invoked routine is an SQL-invoked procedure, then the maximum number of returned
result sets.

— An indication of whether the SQL-invoked routine is deterministic or possibly non-deterministic.

— Indications of whether the SQL-invoked routine possibly modifies SQL-data, possibly reads SQL-
data, possibly contains SQL, or does not possibly contain SQL.

— 14 If the SQL-invoked routine is an SQL-invoked function, then:

• If the <returns type> contains <returns table type>, then the <returns table type>.

• If the <returns type> contains <returns data type>, then:

— The <returns data type> of the SQL-invoked function.

— If the <returns data type> simply contains <locator indication>, then an indication that
the return value is a locator.

• An indication of whether the SQL-invoked function is a type-preserving function or not.

• An indication of whether the SQL-invoked function is a mutator function or not.

• If the SQL-invoked function is a type-preserving function, thenan indicationofwhichparameter
is the result parameter.

• An indication of whether the SQL-invoked function is a null-call function.

• An indication of whether the SQL-invoked function is an SQL-invoked method.

• An indication of whether the SQL-invoked function is a polymorphic table function.

• If the SQL-invoked function is a polymorphic table function, then:

— For each of the polymorphic table function’s private parameters:

• The <SQL parameter name>.
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• The <parameter type>.

• The ordinal position.

• An indication of whether the private parameter has a default value, and if so, the
<parameter default>.

— For each of the polymorphic table function’s generic table parameters:

• The <pass through option>.

• The <generic table semantics>.

— The PTF describe component procedure, if specified.

— The PTF start component procedure, if specified.

— The PTF fulfill component procedure.

— The PTF finish component procedure, if specified.

— The creation timestamp.

— The last-altered timestamp.

— If the SQL-invoked routine is an SQL routine, then:

• The SQL routine body of the SQL-invoked routine.

• The SQL security characteristic of the SQL routine.

— 14 If the SQL-invoked routine is an external routine, then:

• The external routine name of the external routine.

• The <parameter style> of the external routine.

• If the external routine specifies a <result cast>, then an indication that it specifies a <result
cast> and the <data type> specified in the <result cast>. If <result cast> contains <locator
indication>, then an indication that the <data type> specified in the <result cast> has a locator
indication.

• The external security characteristic of the external routine.

• The external routine SQL-path of the external routine.

• The effective SQL parameter list of the external routine.

• For every SQL parameter that has an associated from-sql function FSF, the specific name of
FSF.

• For every SQL parameter that has an associated to-sql function TSF, the specific name of TSF.

• If the SQL-invoked routine is an external function and if it has a to-sql function TRF associated
with the result, then the specific name of TRF.

• For every SQL parameter whose <SQL parameter declaration> contains <locator indication>,
an indication that the SQL parameter is a locator parameter.

— The schema name of the schema that includes the SQL-invoked routine.

— If the SQL-invoked routine is an SQL-invoked method, then:

• The name of the user-defined type whose descriptor contains the corresponding method
specification descriptor.
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• An indication of whether STATIC was specified.

— 04An indication of whether the routine is a schema-level routine.

— An indication of whether the SQL-invoked routine is dependent on a user-defined type.

— An indication as to whether or not the SQL-invoked routine requires a new savepoint level to be
established when it is invoked.

4.35.6 Result sets returned by SQL-invoked procedures

This Subclause is modified by Subclause 4.6.1, “Result sets returned by SQL-invoked procedures”, in ISO/IEC
9075-3.

An invocation of an SQL-invoked procedure SIP1might bring into existence a result set sequence RSS.
RSS consists of the result sets of with-return cursors opened by SIP1 and remaining open when SIP1
terminates, placed in the order in which those result sets are created during the execution of SIP1.

NOTE 80— If the same cursor is opened more than once during the execution of SIP1, then it is the last opening that is
considered to create the result set, even if the result set in question is identical to that created by some earlier opening.

RSS is available through a received cursor, by executing an <allocate received cursor statement>, to the
invoker INV of SIP1. If SIP1 is invoked by an SQL-invoked procedure SIP2, then INV is SIP2. If SIP1 is
invoked by an externally-invoked procedure EIP, then INV is the SQL-client module containing EIP.
Whether RSSmay itself be returned to the invoker INV is implementation-defined (IV031).

NOTE 81— For example, if an externally-invoked procedure EIP executes a <call statement> invoking an SQL-invoked
procedure SIP3 that invokes SIP1, then the result set sequence RSS returned by SIP1 is available to SIP3, until either SIP3
returns control to EIP or another invocation of SIP1 by SIP3 is given before SIP3 returns. Whether SIP3 returns any partic-
ular cursor C in RSS to EIP is implementation-defined.

The invocation of SIP1 by INV destroys any existing result set sequence thatmight have arisen from some
previous invocation of SIP1 by INV. All result set sequences available to INV are destroyed when INV
terminates.

A returned result set includes a sequence of rows called the constituent rows and an initial cursor position.
All rows of a result set are of the same row type, called the row type of the result set. The degree of a
result set is the number of columns in the result set’s row type. The number of rows in the result set is
its cardinality.

The constituent rows and initial cursor position of each returned result set RS in RSS are determined
when SIP1 returns to INV. If the with-return cursor C for RS is scrollable, then the constituent rows of RS
are those of the result set of C as it exists when SIP1 terminates; otherwise, the constituent rows are as
for scrollable cursors, except that rows preceding the current cursor position of C are excluded. If C is
scrollable, then the initial cursor position of RS is the position of Cwhen SIP1 terminates; otherwise, the
initial cursor position of RS is before the first row.

NOTE 82— The result set of C as it exists when SIP1 terminates might differ from that generated when Cwas opened, if,
for example, any <delete statement: positioned>s or <update statement: positioned>s are executed by SIP1 before it
terminates.

The maximum number of returned result sets that may form a result set sequence is specified by the
<returned result sets characteristic> contained in the <SQL-invoked routine> defining SIP1. If the actual
numberofwith-return cursors that remainopenwhen SIP1 returns is greater than themaximumnumber
of returned result sets specified in the <returned result sets characteristic> clause, then a warning con-
dition is raised. It is implementation-dependent (UA045) whether or not result sets whose positions are
greater than that maximum number are returned.

03A result set is described by a result set descriptor. A result set descriptor includes:

— A <cursor specification>.

— A sequence of rows.

122 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
4.35 SQL-invoked routines

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


— A position within the sequence of rows (before a row, on a row, or after the last row).

— The operational properties:

• The operational sensitivity property (either SENSITIVE, INSENSITIVE, or ASENSITIVE).

• The operational scrollability property (either SCROLL or NO SCROLL).

• The operational holdability property (either WITH HOLD or WITHOUT HOLD).

• The operational returnability property (either WITH RETURN or WITHOUT RETURN).

— If the operational holdability property isWITHHOLDand the position is on a row, then an indication
whether a <fetch statement> or <dynamic fetch statement> has been issued since the last <commit
statement>.

4.36 SQL-paths
This Subclause is modified by Subclause 4.6, “SQL-paths”, in ISO/IEC 9075-4.

An SQL-path is a list of one or more <schema name>s that determines the search order for one of the
following:

— The subject routine of a <routine invocation> whose <routine name> does not contain a <schema
name>.

— Theuser-defined typewhen the<path-resolveduser-defined typename>doesnot containa<schema
name>.

The value specified by CURRENT_PATH is the value of the SQL-path of the current SQL-session. This SQL-
path is used to search for the subject routine of a <routine invocation> whose <routine name> does not
contain a <schema name> when the <routine invocation> is contained in <preparable statement>s that
are prepared in the current SQL-session by either an <execute immediate statement> or a <prepare
statement>, or contained in <direct SQL statement>s that are invoked directly.

04The definition of SQL-schemas specifies an SQL-path that is used to search for the subject routine of a
<routine invocation> whose <routine name>s do not contain a <schema name> when the <routine
invocation> is contained in the <schema definition>.

4.37 Host parameters
This Subclause is modified by Subclause 4.7, “Host parameters”, in ISO/IEC 9075-4.

4.37.1 Overview of host parameters

A host parameter is declared in an <externally-invoked procedure> by a <host parameter declaration>.
A host parameter either assumes or supplies the value of the corresponding argument in the invocation
of the <externally-invoked procedure>.

A <host parameter declaration> specifies the <data type> of its value, which maps to the host language
type of its corresponding argument. Host parameters cannot be null, except through the use of indicator
parameters.

4.37.2 Status parameters

This Subclause is modified by Subclause 4.7.1, “Status parameters”, in ISO/IEC 9075-4.

The SQLSTATE host parameter is a status parameter. It is set to status codes that indicate either that a
call of the <externally-invoked procedure> completed successfully or that an exception condition was
raised during execution of the <externally-invoked procedure>.
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An <externally-invoked procedure> shall specify the SQLSTATE host parameter. The SQLSTATE host
parameter is a character string host parameter for which exception values are defined in Clause 24,
“Status codes”.

If a condition is raised that causes a statement to have no effect other than that associated with raising
the condition (that is, not a completion condition), then the condition is said to be an exception condition
or exception. If a condition is raised that permits a statement to have an effect other than that associated
with raising the condition (corresponding to an SQLSTATE class code of successful completion (00000),
warning (01000), or no data (02000)), then the condition is said to be a completion condition.

Exception conditions or completion conditionsmay be raised during the execution of an <SQL procedure
statement>. One of the conditions becomes the active conditionwhen the <SQL procedure statement>
terminates; the active condition is the condition returned in SQLSTATE. If the active condition is an
exception condition, then it will be called the active exception condition. If the active condition is a com-
pletion condition, then it will be called the active completion condition.

The completion conditionwarning (01000) is broadly defined as completion in which the effects are
correct, but there is reason to caution the user about those effects. It is raised for implementation-defined
(IC011) conditions as well as conditions specified in this document. The completion condition no data
(02000) has special significance and is used to indicate an empty result. The completion condition suc-
cessful completion (00000) is defined to indicate a completion condition that does not correspond to
warning (01000) or no data (02000). This includes conditions in which the SQLSTATE subclass provides
implementation-defined (IC012) information of a non-cautionary nature.

04For thepurpose of choosing status parameter values to be returned, exception conditions for transaction
rollback have precedence over exception conditions for statement failure. Similarly, the completion
condition no data (02000) has precedence over the completion conditionwarning (01000), which has
precedence over the completion condition successful completion (00000). All exception conditions have
precedence over all completion conditions. The values assigned to SQLSTATE shall obey these precedence
requirements.

4.37.3 Data parameters

A data parameter is a host parameter that is used to either assume or supply the value of data exchanged
between a host program and an SQL-implementation.

4.37.4 Indicator parameters

An indicator parameter is an integer host parameter that is specified immediately following another host
parameter. Its primary use is to indicate whether the value that the other host parameter assumes or
supplies is a null value. An indicator host parameter cannot immediately follow another indicator host
parameter.

The other use for indicator parameters is to indicate whether string data truncation occurred during a
transfer between a host program and an SQL-implementation in host parameters or host variables. If a
non-null string value is transferred and the length of the target is sufficient to accept the entire source
value, then the indicator parameter or variable is set to 0 (zero) to indicate that truncation did not occur.
However, if the length of the target is insufficient, the indicator parameter or variable is set to the length
(in characters or octets, as appropriate) of the source value to indicate that truncation occurred and to
indicate original length in characters or octets, as appropriate, of the source.

4.37.5 Locators

A host parameter, a host variable, an SQL parameter of an external routine, or the value returned by an
external functionmay be specified to be a locator by specifying AS LOCATOR. A locator is an SQL-session
object, rather than SQL-data, that can be used to reference an SQL-data instance. A locator is either a
large object locator, a user-defined type locator, an array locator, or a multiset locator.

124 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
4.37 Host parameters

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


A large object locator is one of the following:

— Binary large object locator, a value of which identifies a binary large object string.

— Character large object locator, a value of which identifies a large object character string.

— National character large object locator, a value of which identifies a national large object character
string.

Auser-defined type locator identifies a value of theuser-defined type specifiedby the locator specification.
An array locator identifies a value of the array type specifiedby the locator specification. Amultiset locator
identifies a value of the multiset type specified by the locator specification.

When the value at a site of binary large object type, character large object type, user-defined type, array
type, or multiset type is to be assigned to a locator of the corresponding type, an implementation-
dependent (UV065) four-octet integer value is generated and assigned to the target. A locator value
uniquely identifies a value of the corresponding type.

A locator may be either valid or invalid. A host parameter or host variable specified as a locator may be
further specified to be a holdable locator. When a locator is initially created, it is marked valid and, if
applicable, not holdable. A <hold locator statement> identifying the locator shall be specifically executed
before the end of the SQL-transaction in which it was created in order to make that locator holdable.

A non-holdable locator remains valid until the end of the SQL-transaction in which it was generated,
unless it is explicitly made invalid. A non-holdable locator becomes invalid whenever a <free locator
statement> is executedorwhenever a <rollback statement> that specifies a <savepoint clause> identifying
a savepoint established prior to the generation of the locator is executed. Accessing an invalid locator
causes an exception condition to be raised.

A holdable locator may remain valid beyond the end of the SQL-transaction in which it is generated. A
holdable locator becomes invalidwhenever a <free locator statement> identifying that locator is executed
or the SQL-transaction in which it is generated or any subsequent SQL-transaction is rolled back. All
locators remainingvalid at the endof anSQL-sessionaremarked invalidwhen that SQL-session terminates.

4.38 Diagnostics area
This Subclause is modified by Subclause 4.8, “Diagnostics area”, in ISO/IEC 9075-4.

A diagnostics area is a place where completion and exception condition information is stored when an
SQL-statement is executed. The diagnostics areas associated with an SQL-session form the diagnostics
area stack of that SQL-session. For definitional purposes, the diagnostics areas in this stack are considered
to be numbered sequentially beginningwith 1 (one). An additional diagnostics area is maintained by the
SQL-client, as described in Subclause 4.4.3.2, “SQL-clients”, in ISO/IEC 9075-1.

Two operations on diagnostics area stacks are specified in this document for definitional purposes only.
Pushing a diagnostics area stack effectively creates a new first diagnostics area, incrementing the ordinal
position of every existing diagnostics area in the stack by 1 (one). The content of the newfirst diagnostics
area is initially a copy of the content of the old (now second) one. Popping a diagnostics area stack
effectively destroys the first diagnostics area in the stack and decrements the ordinal position of every
remaining diagnostics area by 1 (one). The maximum number of diagnostics areas in a diagnostics area
stack is implementation-dependent (UL002).

Each diagnostics area consists of a statement area and a sequence of one or more condition areas, each
of which is at any particular time either occupied or vacant. A diagnostics area is emptywhen each of its
condition areas is vacant; emptying a diagnostics area brings about this state. A statement area consists
of a collection of named statement information items. A condition area consists of a collection of named
condition information items.
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Astatement information itemgives information about the innermost SQL-statement that is being executed
when a condition is raised. A condition information item gives information about the condition itself.
The names and data types of statement and condition information items are given in Table 37, “Data
types of <statement information item name>s”, and in Table 38, “Data types of <condition information
item name>s”. Their meanings are given by the General Rules of Subclause 23.1, “<get diagnostics state-
ment>”.

04At the beginning of the execution of any <SQL procedure statement> that is not an <SQL diagnostics
statement>, the first diagnostics area is emptied. An SQL-implementation places information about a
completion condition or an exception condition reported by SQLSTATE into a vacant condition area in
this diagnostics area. If other conditions are raised, the extent to which these cause further condition
areas to become occupied is implementation-defined (IA208).

An<externally-invokedprocedure> containing an<SQLdiagnostics statement> returns a code indicating
a completion or an exception condition for that statement via SQLSTATE, but does not necessarily cause
any vacant condition areas to become occupied.

The number of condition areas per diagnostics area is referred to as the condition area limit. An SQL-
agent may set the condition area limit with the <set transaction statement>; if the SQL-agent does not
specify the condition area limit, then the condition area limit is implementation-dependent (UL003), but
shall be at least one condition area. An SQL-implementation may place information into this area about
fewer conditions than there are condition areas. The ordering of the information about conditions placed
into a diagnostics area is implementation-dependent (US030), except that the first condition area in a
diagnostics area always corresponds to the condition specified by the SQLSTATE value.

The<get diagnostics statement> is used to obtain information fromanoccupied condition area, referenced
by its ordinal position within the first diagnostics area.

4.39 Host languages
This document specifies the actions of <externally-invoked procedure>s in SQL-client modules when
those <externally-invoked procedure>s are called by programswritten in certain specified programming
languages, called host languages. The term “PLN program”, where PLN is the name of a host language,
refers to a program that conforms to the specification for that host language as identified in Clause 2,
“Normative references”.

Thisdocument specifiesamechanismwherebySQL languagemaybeembedded inprograms thatotherwise
conform to any of the same specified programming language standards.

NOTE83—Interfaces between SQL and the Java programming language are defined in ISO/IEC9075-10 and ISO/IEC9075-
13.

Although there are obvious mappings between many SQL data types and the data types of most host
languages, this is not the case for all SQL data types or for all host languages.

For the purposes of interfacing with programming languages, the data types DATE, TIME, TIMESTAMP,
and INTERVAL shall be converted to or from character strings in those programming languages bymeans
of a <cast specification>. It is anticipated that future evolution of programming language standards will
support data types corresponding to these four SQL data types; this document will then be revised to
reflect the availability of those corresponding data types.

The data types CHARACTER, CHARACTER VARYING, and CHARACTER LARGE OBJECT are also mapped
to character strings in the programming languages. However, because the facilities available in the pro-
gramming languages do not provide the same capabilities as those available in SQL, there shall be
agreement between the host program and SQL regarding the specific format of the character data being
exchanged. Specific syntax for this agreement is provided in this document.
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For standard programming languages C and COBOL, BOOLEAN values are mapped to integer variables
in the host language. For standard programming languages Ada, Fortran, Pascal, and PL/I, BOOLEAN
variables are directly supported.

For the purposes of interfacing with programming languages, the data type ARRAY shall be converted
to a locator (see Subclause 4.37.5, “Locators”).

For the purposes of interfacingwith programming languages, the data typeMULTISET shall be converted
to a locator (see Subclause 4.37.5, “Locators”).

For the purposes of interfacing with programming languages, user-defined types shall be handled with
a locator (see Subclause 4.37.5, “Locators”) or transformed to another SQL data type that has a defined
mapping to the host language (see Subclause 4.9.6, “Transforms for user-defined types”).

4.40 Cursors
This Subclause is modified by Subclause 4.7, “Cursors”, in ISO/IEC 9075-3.
This Subclause is modified by Subclause 4.10, “Cursors”, in ISO/IEC 9075-4.

4.40.1 General description of cursors

This Subclause is modified by Subclause 4.7.1, “General description of cursors”, in ISO/IEC 9075-3.
This Subclause is modified by Subclause 4.10.1, “General description of cursors”, in ISO/IEC 9075-4.

Acursor is amechanismbywhich the rowsof a tablemaybe actedon (e.g., returned to ahost programming
language) one at a time.

04A cursor is specified by a <declare cursor>, a <dynamic declare cursor>, an <allocate extended dynamic
cursor statement>, an <allocate received cursor statement>, or implicitly by a <table argument> of an
invocation of a polymorphic table function. A cursor specified by a <declare cursor> is a standing cursor.
A cursor specified by a <dynamic declare cursor> is a declared dynamic cursor. A cursor specified by an
<allocate extended dynamic cursor statement> is an extended dynamic cursor. An extended dynamic
cursor is said to be global if its extended name is global; otherwise, the extended dynamic cursor is local.
A cursor specified by an <allocate received cursor statement> is a received cursor. A cursor specified
implicitly by a <table argument> is a PTF dynamic cursor. A dynamic cursor is either a declared dynamic
cursor, an extended dynamic cursor, a received cursor, or a PTF dynamic cursor.

03 04A declared cursor is either a standing cursor, a declared dynamic cursor, or a received cursor. A
declared cursor has a <cursor name>. A <declare cursor>, a <dynamic declare cursor>, or an <allocate
received cursor statement> is immediately contained in the <module contents> of an <SQL-clientmodule
definition>. The scopeof a <cursorname> is the innermost <SQL-clientmoduledefinition>M that contains
it, with the exception of any <SQL schema statement>s contained inM.

Every cursor has an associated cursor declaration. For a declared cursor, the cursor declaration is specified
by the cursor’s <declare cursor>, <dynamic declare cursor>, or <allocate received cursor statement>.
For an extended dynamic cursor, the cursor declaration is implicitly created by an <allocate extended
dynamic cursor statement>. For a PTF dynamic cursor, the cursor declaration is implicitly specified by
a <table argument>.

03 04A cursor declaration is described by a cursor declaration descriptor. A cursor declaration descriptor
includes:

— 03The kind of cursor:

• Standing.

• Declared dynamic.

• Extended dynamic.
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• Received.

• PTF dynamic.

— 04The provenance of the cursor:

• 04 If the cursor is a declared cursor or a local extended dynamic cursor, then an indication of
an SQL-client module.

• If the cursor is a PTF dynamic cursor, then a <routine invocation> that invokes a polymorphic
table function.

• Otherwise, an SQL-session identifier.

— 03The name of the cursor:

• If the cursor is a declared cursor, then a <cursor name>.

• 03Otherwise, an extended name and its scope (GLOBAL, LOCAL, or PTF).

— 03The cursor’s origin:

• If the cursor is a standing cursor, then the <cursor specification> contained in the <declare
cursor>.

• If the cursor is a declared dynamic cursor, then the <statement name> contained in the
<dynamic declare cursor>.

• If the cursor is an extended dynamic cursor, then the prepared statement specified by the
extended statement name.

• If the cursor is a PTF dynamic cursor, then the <cursor specification> of a <table argument>
on an executing virtual processor.

• 03 If the cursor is a received cursor, then the cursor’s <specific routine designator>.

— The cursor’s declared properties:

• The cursor’s declared sensitivity property (either SENSITIVE, INSENSITIVE, or ASENSITIVE).

• The cursor’s declared scrollability property (either SCROLL or NO SCROLL).

• The cursor’s declared holdability property (either WITH HOLD or WITHOUT HOLD).

• The cursor’s declared returnability property (either WITH RETURN or WITHOUT RETURN).

A cursor declaration descriptor is identified by the combination of its kind, its provenance, and its name.

A cursor is described by a cursor instance descriptor. A cursor instance descriptor includes:

— A cursor declaration descriptor.

— An SQL-session identifier.

— The cursor’s state (either open or closed).

— If the cursor is open, then the cursor’s result set descriptor.

A cursor instancedescriptor is identifiedby its cursor declarationdescriptor and its SQL-session identifier.

The term “cursor”, unqualified by either “declaration” or “instance”, refers to a cursor instance descriptor.

04 For every <declare cursor> in an <SQL-client module definition>, a cursor declaration descriptor is
included in the SQL-client module, and is effectively created and destroyed at the same time as the SQL-
client module. A cursor instance descriptor for the standing cursor is effectively created when an
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externally-invoked procedure of that SQL-client module is invoked. The cursor instance descriptor is
destroyed at the end of the SQL-session.

For every <dynamic declare cursor> in an<SQL-clientmodule definition>, a cursor declaration descriptor
is included in the SQL-client module, and is effectively created and destroyed at the same time as the
SQL-client module. A cursor instance descriptor for the declared dynamic cursor is effectively created
when an externally-invoked procedure of that SQL-client module is invoked, and destroyed when a
<deallocate prepared statement> is executed that deallocates the prepared statement on which the
declared dynamic cursor is based. The cursor instance descriptor is also destroyed at the end of the SQL-
session (if not earlier).

An extended dynamic cursor is effectively created (i.e., both the cursor declaration descriptor and the
cursor instance descriptor) when an <allocate extended dynamic cursor statement> is executed within
an SQL-session and destroyed when that SQL-session is terminated or when a <deallocate prepared
statement> is executed that deallocates the prepared statement on which the extended dynamic cursor
is based.

A PTF dynamic cursor is effectively created and destroyed (i.e., both the cursor declaration descriptor
and the cursor instance descriptor are created and destroyed) by the General Rules of Subclause 9.25,
“Execution of an invocation of a polymorphic table function”.

For every <allocate received cursor statement> in an <SQL-clientmodule definition>, a cursor declaration
descriptor is included in the SQL-clientmodule, and is effectively created and destroyed at the same time
as the SQL-clientmodule. A cursor instance descriptor for the received cursor is effectively createdwhen
an<allocate received cursor statement> is executedwithin an SQL-session anddestroyedwhen that SQL-
session is terminated.

A cursor instance descriptor is in either the open state or the closed state. The initial state of a cursor is
the closed state. A standing cursor is placed in the open state by an <open statement> and returned to
the closed state by a <close statement> or a <rollback statement>. A declared dynamic cursor is placed
in the open state by a <dynamic open statement> and returned to the closed state by a <dynamic close
statement>. An extended dynamic cursor is placed in the open state by a <dynamic open statement> and
returned to the closed state by a <dynamic close statement>. A PTF dynamic cursor is opened and closed
by the General Rules of Subclause 9.25, “Execution of an invocation of a polymorphic table function”. A
received cursor is placed in the open state by an <allocate received cursor statement>, and is advanced
to the next result set in the result set sequence by a <dynamic close statement>. After the last result set
in the result set sequence has been processed, the received cursor is placed in the closed state by a
<dynamic close statement>. A received cursor is also placed in the closed state if the associated SQL-
invokedprocedure is invoked againwhile the received cursor is open. Anopen cursor thatwas not defined
as a holdable cursor is also closedby a <commit statement>. (In the case of a received cursor, if the current
result set of the received cursor is not holdable, then a <commit statement> causes the received cursor
to open on the next result set in the result set sequence, if any.)

A cursor in the open state identifies a result set and a position relative to the ordering of that result set.
If the cursor’s <cursor specification> does not simply contain an <order by clause>, or simply contains
an <order by clause> that does not specify the order of the rows completely, then the rows of the result
set have an order that is defined only to the extent that the <order by clause> specifies an order and is
otherwise implementation-dependent (US031).

NOTE 84— A definition of “result set” is given in Clause 3, “Terms and definitions”.

When the ordering of a cursor is not defined by an <order by clause>, the relative position of two rows
is implementation-dependent (US031). When the ordering of a cursor is partially determined by an
<order by clause>, then the relative positions of two rows are determined only by the <order by clause>;
if the two rows have equal values for the purpose of evaluating the <order by clause>, then their relative
positions are implementation-dependent (US031).

A cursor whose result set’s <cursor specification> simply contains an <order by clause> is an ordered
cursor.
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A cursor is either updatable or not updatable. A PTF dynamic cursor is not updatable. A received cursor
is not updatable. For other kinds of cursors, if FOR UPDATE OF is contained in the <cursor specification>
of the result set descriptor of the cursor, or if the <cursor specification> CS identified by the cursor is a
<query specification> that is simply updatable, FOR READ ONLY is not contained in CS, the cursor is not
ordered, and the cursor is not scrollable, then the cursor is updatable; otherwise, the cursor is not
updatable. Theoperationsof update anddelete arepermitted forupdatable cursors, subject to constraining
Access Rules.

The position of a cursor in the open state is either before a certain row, on a certain row, or after the last
row. If a cursor is on a row, then that row is the current row of the cursor. A cursor may be before the
first row or after the last row of a result set even though the result set’s sequence of rows is empty.When
a cursor is initially opened, the position of the cursor is before the first row.

A cursor declaration descriptor and a result set descriptor have four properties: the sensitivity property
(either SENSITIVE, INSENSITIVE, or ASENSITIVE), the scrollability property (either SCROLL or NO
SCROLL), theholdabilityproperty (eitherWITHHOLDorWITHOUTHOLD), and the returnabilityproperty
(eitherWITHRETURNorWITHOUTRETURN). The four declared cursor properties are set to the explicit
or implicit <cursor sensitivity>, <cursor scrollability>, <cursor holdability>, and <cursor returnability>,
respectively, of the <cursor properties> contained in the <declare cursor>, <dynamic declare cursor>,
or <allocate extended dynamic cursor statement>; for a PTF cursor or a received cursor, the declared
cursor properties are ASENSITIVE, NO SCROLL, WITHOUT HOLD, and WITHOUT RETURN.

When a cursor is opened, the four declared cursor properties are copied to the result set descriptor’s
operational properties. In the case of a declared dynamic cursor or an extended dynamic cursor, the
operational properties are modified as specified by the explicit <cursor attributes> of the prepared
statement that is the <cursor specification> of the cursor. In the case of a received cursor, the operational
sensitivity property, the operational scrollability property, and the operational holdability property are
preserved from their values as established by the SQL-invoked procedure that created the result set, and
the operational returnability property is implementation-defined (IV031).

A cursor whose operational sensitivity property is SENSITIVE is said to be sensitive; a cursor whose
operational sensitivity property is INSENSITIVE is said to be insensitive; and a cursor whose operational
sensitivity property is ASENSITIVE is said to be asensitive.

A cursor whose operational scrollability property is SCROLL is said to be scrollable.

A cursor whose operational holdability property is WITH HOLD is said to be holdable.

A cursor whose operational returnability property is WITH RETURN is said to be a with-return cursor.

A holdable cursor that has been held open retains its positionwhen the new SQL-transaction is initiated.
However, if the holdable cursor is a standing cursor, then before either an <update statement: positioned>
or a <delete statement: positioned> is permitted to reference that standing cursor in the new SQL-
transaction, a <fetch statement> must be issued against the standing cursor (otherwise, an exception
condition is raised). If the holdable cursor is a dynamic cursor, then before a <dynamic update statement:
positioned>, a <dynamic delete statement: positioned>, a <preparable dynamic update statement: posi-
tioned>, or a <preparable dynamic delete statement: positioned> is permitted to reference that dynamic
cursor in the new SQL-transaction, a <dynamic fetch statement> must be issued against the dynamic
cursor (otherwise an exception condition is raised).

The following aspects of a standing cursor can be determined from the <cursor specification> in its cursor
declaration descriptor: whether it is ordered, whether it is updatable, the leaf underlying tables, the leaf
generally underlying tables, its sensitivity property, its scrollability property, its holdability property,
and its returnability property. Accordingly, terminology regarding these aspects of a standing cursor
may also be applied to the cursor declaration descriptor, for example, in the Syntax Rules, Access Rules,
and Conformance Rules.
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4.40.2 Operations on and using cursors

A <fetch statement> positions an open standing cursor on a specified row of the standing cursor’s
ordering and retrieves the values of the columns of that row. An <update statement: positioned> updates
the current row of the standing cursor. A <delete statement: positioned> deletes the current row of the
standing cursor.

A <dynamic fetch statement>positions anopendynamic cursor on a specified rowof the dynamic cursor’s
ordering and retrieves the values of the columns of that row. A <dynamic update statement: positioned>
updates the current row of the dynamic cursor. A <dynamic delete statement: positioned> deletes the
current rowof thedynamic cursor. A<preparabledynamicdelete statement: positioned> is used todelete
rows through a dynamic cursor when the precise format of the statement is not known until runtime. A
<preparable dynamic update statement: positioned> is used to update rows through a dynamic cursor
when the precise format of the statement is not known until runtime.

A positioned delete statement is an SQL-statement that is a <delete statement: positioned>, a <dynamic
delete statement: positioned>, or a <preparable dynamic delete statement: positioned>.

A positionedupdate statement is an SQL-statement that is an <update statement: positioned>, a <dynamic
update statement: positioned>, or a <preparable dynamic update statement: positioned>.

If an error occurs during the execution of an SQL-statement that identifies a cursor, then, except where
otherwise explicitly defined, the effect, if any, on the position or state of that cursor is implementation-
dependent (UA046).

If a completion condition is raised during the execution of an SQL-statement that identifies a cursor, then
the particular SQL-statement identifying that open cursor onwhich the completion condition is returned
is implementation-dependent (UA047).

The following paragraphs define several terms used to discuss issues relating to a cursor’s operational
sensitivity property:

A change to SQL-data is said to be independent of a cursor CR if and only if it is not made by an <update
statement: positioned> or a <delete statement: positioned> that is positioned on CR.

A change to SQL-data is said to be significant to CR if and only if it is independent of CR, and, had it been
committed before CRwas opened, would have caused the sequence of rows in the result set descriptor
of CR to be different in any respect.

A change to SQL-data is said to be visible to CR if and only if it has an effect on the sequence of rows SR
of the result set descriptor of CR by inserting a row in SR, deleting a row from SR, changing the value of
a column of a row of SR, or reordering the rows of SR.

If a cursor is open, and the SQL-transaction in which the cursor was opened makes a significant change
to SQL-data, then whether that change is visible through that cursor before it is closed is determined as
follows:

— If the cursor is insensitive, then significant changes are not visible.

— If the cursor is sensitive, then significant changes are visible.

— If the cursor is asensitive, then the visibility of significant changes is implementation-dependent
(UA048).

If a holdable cursor is open during an SQL-transaction T and it is held open for a subsequent SQL-trans-
action, thenwhether any significant changesmade to SQL-data (by T or any subsequent SQL-transaction
inwhich the cursor is held open) are visible through that cursor in the subsequent SQL-transaction before
that cursor is closed is determined as follows:

— If the cursor is insensitive, then significant changes are not visible.
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— If the cursor is sensitive, then the visibility of significant changes is implementation-defined (IA209).

— If the cursor is asensitive, then the visibility of significant changes is implementation-dependent
(UA048).

It is implementation-dependent (UA069)whether or not a holdable cursorHC that is held over a COMMIT
at time CT in one SQL-session sees changes that have been committed in another in another SQL-session
between the time that HCwas opened and CT.

If CR is a with-return cursor, then the <cursor specification> included in the result set descriptor of CR
defines a returned result set. A with-return cursor, if declared in an SQL-invoked procedure and in the
open state when the procedure returns to its invoker, yields a returned result set that can be accessed
by the invoker of the procedure that generates it.

NOTE 85— Definitions of “returned result set” and “with-return cursor” are given in Clause 3, “Terms and definitions”.

4.41 SQL-statements
This Subclause is modified by Subclause 4.11, “SQL-statements”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 4.7, “SQL-statements”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 4.7, “SQL-statements”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 4.3, “SQL-statements”, in ISO/IEC 9075-16.

4.41.1 Classes of SQL-statements

This Subclause is modified by Subclause 4.11.1, “Classes of SQL-statements”, in ISO/IEC 9075-4.

An SQL-statement is a string of characters that conforms to the Format and Syntax Rules specified in the
ISO/IEC 9075 series. Most SQL-statements can be prepared for execution and executed in an SQL-client
module, in which case they are prepared when the SQL-client module is created and executed when the
containing externally-invoked procedure is called (see Subclause 4.30, “SQL-client modules”).

Most SQL-statements can be prepared for execution and executed in additional ways. These are:

— In an embedded SQL host program, in which case they are prepared when the embedded SQL host
program is preprocessed (see Subclause 4.31, “Embedded syntax”).

— Beingprepared and executedby theuse of SQL-dynamic statements (which are themselves executed
in an SQL-client module or an embedded SQL host program—see Subclause 4.32, “Dynamic SQL
concepts”).

— Direct invocation, in which case they are effectively prepared immediately prior to execution (see
Subclause 4.33, “Direct invocation of SQL”).

In this document, there are at least six ways of classifying SQL-statements:

— According to their effect onSQLobjects,whetherpersistent objects, i.e., SQL-data, SQL-clientmodules,
and schemas, or transient objects, such as SQL-sessions and other SQL-statements.

— According to whether or not they start an SQL-transaction, or can, or shall, be executed when no
SQL-transaction is active.

— According to whether they possibly read SQL-data or possibly modify SQL-data.

— According to whether or not they may be embedded.

— According to whether they may be dynamically prepared and executed.

— According to whether or not they may be directly executed.
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This document permits SQL-implementations to provide additional, implementation-defined (IE003),
statements that may fall into any of these categories. This Subclause will not mention those statements
again, as their classification is implementation-defined (IE003).

04The main classes of SQL-statements are:

— SQL-schema statements.

— SQL-data statements.

— SQL-transaction statements.

— SQL-control statements.

— SQL-connection statements.

— SQL-session statements.

— SQL-diagnostics statements.

— SQL-dynamic statements.

— SQL embedded exception declaration.

4.41.2 SQL-statements classified by function

This Subclause is modified by Subclause 4.11.2, “SQL-statements classified by function”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 4.7.1, “SQL-statements classified by function”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 4.7.1, “SQL-statements classified by function”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 4.3.1, “SQL-statements classified by function”, in ISO/IEC 9075-16.

4.41.2.1 SQL-schema statements

This Subclause is modified by Subclause 4.11.2.1, “SQL-schema statements”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 4.7.1.1, “SQL-schema statements”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 4.3.1.1, “SQL-schema statements”, in ISO/IEC 9075-16.

04 09 16The following are the SQL-schema statements:

— <schema definition>.

— <drop schema statement>.

— <domain definition>.

— <drop domain statement>.

— <table definition>.

— <drop table statement>.

— <view definition>.

— <drop view statement>.

— <assertion definition>.

— <drop assertion statement>.

— <alter table statement>.

— <alter domain statement>.

— <grant privilege statement>.
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— <revoke statement>.

— <character set definition>.

— <drop character set statement>.

— <collation definition>.

— <drop collation statement>.

— <transliteration definition>.

— <drop transliteration statement>.

— <trigger definition>.

— <drop trigger statement>.

— <user-defined type definition>.

— <alter type statement>.

— <drop data type statement>.

— <user-defined ordering definition>.

— <drop user-defined ordering statement>.

— <user-defined cast definition>.

— <drop user-defined cast statement>.

— <transform definition>.

— <alter transform statement>.

— <drop transform statement>.

— <schema routine>.

— <alter routine statement>.

— <drop routine statement>.

— <sequence generator definition>.

— <alter sequence generator statement>.

— <drop sequence generator statement>.

— <role definition>.

— <grant role statement>.

— <drop role statement>.

4.41.2.2 SQL-data statements

The following are the SQL-data statements:

— <temporary table declaration>.

— <declare cursor> (that does not contain a <data change delta table>).

— <open statement>.
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— <close statement>.

— <fetch statement>.

— <select statement: single row> (that does not contain a <data change delta table>).

— <free locator statement>.

— <hold locator statement>.

— <dynamic declare cursor>.

— <allocate extended dynamic cursor statement>.

— <allocate received cursor statement>.

— <dynamic select statement>.

— <dynamic open statement>.

— <dynamic close statement>.

— <dynamic fetch statement>.

— <direct select statement: multiple rows> (that does not contain a <data change delta table>).

— <dynamic single row select statement> (that does not contain a <data change delta table>).

— All SQL-data change statements.

4.41.2.3 SQL-data change statements

The following are the SQL-data change statements:

— <insert statement>.

— <delete statement: searched>.

— <delete statement: positioned>.

— <update statement: searched>.

— <update statement: positioned>.

— <merge statement>.

— <truncate table statement>.

— <declare cursor> (that contains a <data change delta table>).

— <select statement: single row> (that contains a <data change delta table>).

— <dynamic delete statement: positioned>.

— <preparable dynamic delete statement: positioned>.

— <dynamic update statement: positioned>.

— <preparable dynamic update statement: positioned>.

— <direct select statement: multiple rows> (that contains a <data change delta table>).

— <dynamic single row select statement> (that contains a <data change delta table>).
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4.41.2.4 SQL-transaction statements

The following are the SQL-transaction statements:

— <start transaction statement>.

— <set transaction statement>.

— <set constraints mode statement>.

— <commit statement>.

— <rollback statement>.

— <savepoint statement>.

— <release savepoint statement>.

4.41.2.5 SQL-connection statements

The following are the SQL-connection statements:

— <connect statement>.

— <set connection statement>.

— <disconnect statement>.

4.41.2.6 SQL-control statements

This Subclause is modified by Subclause 4.11.2.2, “SQL-control statements”, in ISO/IEC 9075-4.

04The following are the SQL-control statements:

— <call statement>.

— <return statement>.

4.41.2.7 SQL-session statements

This Subclause is modified by Subclause 4.7.1.2, “SQL-session statements”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 4.7.1.1, “SQL-session statements”, in ISO/IEC 9075-14.

09 14The following are the SQL-session statements:

— <set session characteristics statement>.

— <set session user identifier statement>.

— <set role statement>.

— <set local time zone statement>.

— <set catalog statement>.

— <set schema statement>.

— <set names statement>.

— <set path statement>.

— <set transform group statement>.

— <set session collation statement>.
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4.41.2.8 SQL-diagnostics statements

This Subclause is modified by Subclause 4.11.2.4, “SQL-diagnostics statements”, in ISO/IEC 9075-4.

04The following are the SQL-diagnostics statements:

— <get diagnostics statement>.

4.41.2.9 SQL-dynamic statements

The following are the SQL-dynamic statements:

— <execute immediate statement>.

— <allocate descriptor statement>.

— <deallocate descriptor statement>.

— <get descriptor statement>.

— <set descriptor statement>.

— <prepare statement>.

— <deallocate prepared statement>.

— <describe input statement>.

— <describe output statement>.

— <execute statement>.

— <copy descriptor statement>.

— <pipe row statement>.

4.41.2.10 SQL embedded exception declaration

The following is the SQL embedded exception declaration:

— <embedded exception declaration>.

4.41.3 SQL-statements and SQL-data access indication

Some SQL-statements may be classified either as SQL-statements that possibly read SQL-data or that
possibly modify SQL-data. A given SQL-statement belongs to at most one such class.

The following SQL-statements possibly read SQL-data:

— SQL-data statements other than SQL-data change statements, <free locator statement>, and <hold
locator statement>.

— SQL-statements that contain a <query expression> and are not SQL-statements that possiblymodify
SQL-data.

— SQL-statements that contain a <routine invocation> with at least one subject routine that possibly
reads SQL-data and no subject routine that possibly modifies SQL-data.

The following SQL-statements possibly modify SQL-data:

— SQL-schema statements.

— SQL-data change statements.
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— SQL-statements that contain a <routine invocation> with at least one subject routine that possibly
modifies SQL-data.

— SQL-statements that contain a <data change delta table>.
NOTE86—Thefinal item in thepreceding list is redundant in this document, thoughnot in otherParts, particularly ISO/IEC
9075-4.

4.41.4 SQL-statements and transaction states

This Subclause is modified by Subclause 4.11.3, “SQL-statements and transaction states”, in ISO/IEC 9075-4.

04The following SQL-statements are transaction-initiating SQL-statements, i.e., if there is no current SQL-
transaction, and an SQL-statement of this class is executed, then an SQL-transaction is initiated:

— All SQL-schema statements.

— The following SQL-transaction statements:

• <start transaction statement>.

• <savepoint statement>.

• <commit statement>.

• <rollback statement>.

— The following SQL-data statements:

• <open statement>.

• <close statement>.

• <fetch statement>.

• <select statement: single row>.

• <insert statement>.

• <delete statement: searched>.

• <delete statement: positioned>.

• <update statement: searched>.

• <update statement: positioned>.

• <merge statement>.

• <truncate table statement>.

• <allocate extended dynamic cursor statement>.

• <allocate received cursor statement>.

• <dynamic open statement>.

• <dynamic close statement>.

• <dynamic fetch statement>.

• <direct select statement: multiple rows>.

• <dynamic single row select statement>.

• <dynamic delete statement: positioned>.
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• <preparable dynamic delete statement: positioned>.

• <dynamic update statement: positioned>.

• <preparable dynamic update statement: positioned>.

• <free locator statement>.

• <hold locator statement>.

— The following SQL-dynamic statements:

• <describe input statement>.

• <describe output statement>.

• <allocate descriptor statement>.

• <deallocate descriptor statement>.

• <get descriptor statement>.

• <set descriptor statement>.

• <deallocate prepared statement>.

The <start transaction statement> explicitly initiates an SQL-transaction as the primary effect of its exe-
cution. The other transaction-initiating SQL-statements implicitly initiate an SQL-transaction when and
only when no current SQL-transaction exists before the statement is executed; in that case, an SQL-
transaction is implicitly initiated before execution of that SQL-statement proceeds.

Whether or not a <prepare statement> starts a transaction depends on the content of the <SQL statement
variable> referenced by the <prepare statement> at the time <prepare statement> is executed. Whether
or not an <execute immediate statement> starts a transaction depends on the content of the <SQL
statement variable> referencedby the<execute immediate statement> at the time it is executed.Whether
or not an<execute statement> starts a transactiondependson the content of the<SQL statement variable>
referenced by the <prepare statement> at the time the prepared statement referenced by the <execute
statement>was prepared. In each case, if the content of the <SQL statement variable>was a transaction-
initiating SQL-statement other than a <start transaction statement>, then the <prepare statement>,
<execute immediate statement>, or <execute statement> is treated as a transaction-initiating statement;
otherwise, it is not treated as a transaction-initiating statement.

04The following SQL-statements are not transaction-initiating SQL-statements, i.e., then executing an
SQL-statement of this class does not affect the existence or absence of an SQL-transaction.

— All SQL-transaction statements except <start transaction statement>s, <savepoint statement>s,
<commit statement>s, and <rollback statement>s.

— All SQL-connection statements.

— All SQL-session statements.

— All SQL-diagnostics statements.

— SQL embedded exception declarations.

— The following SQL-data statements:

• <temporary table declaration>.

• <declare cursor>.

• <dynamic declare cursor>.
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• <dynamic select statement>.

04The following SQL-statements are possibly transaction-initiating SQL-statements:

— <return statement>.

— <call statement>.

If an <SQL control statement> causes the evaluation of a <query expression> and there is no current SQL-
transaction, then an SQL-transaction is initiated before evaluation of the <query expression>.

4.41.5 SQL-statement atomicity and statement execution contexts

This Subclause ismodified by Subclause 4.11.4, “SQL-statement atomicity and statement execution contexts”,
in ISO/IEC 9075-4.

Theexecutionof all SQL-statementsother than certain SQL-control statements and certain SQL-transaction
statements is atomic with respect to recovery. Such an SQL-statement is called an atomic SQL-statement.
An SQL-statement that is not an atomic SQL-statement is called a non-atomic SQL statement.

04The following are non-atomic SQL-statements:

— <call statement>

— <execute statement>

— <execute immediate statement>

— <commit statement>

— <return statement>

— <rollback statement>

— <savepoint statement>

All other SQL-statements are atomic SQL-statements.

A statement execution context is either atomic or non-atomic.

The statement execution context brought into existence by the execution of a non-atomic SQL-statement
is a non-atomic execution context.

The statement execution context brought into existence by the execution of an atomic SQL-statement is
an atomic execution context.

Within one execution context, another execution contextmaybecomeactive. This latter execution context
is said to be amore recent execution context than the former. If there is no execution context that is more
recent than execution context EC, then EC is said to be themost recent execution context.

If there is no atomic execution context that is more recent than atomic execution context AEC, then AEC
is themost recent atomic execution context.

An SQL-transaction cannot be explicitly terminated within an atomic execution context. If the execution
of an atomic SQL-statement is unsuccessful, then the changes to SQL-data or schemas made by the SQL-
statement are canceled.

A statement execution context includes the following:

— An indication of whether the statement execution context is atomic.

— A set of state changes.
NOTE 87— State changes are described in Subclause 4.46.2, “Trigger execution”.
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— A set of old delta tables and new delta tables.
NOTE 88— Old delta tables and new delta tables are brought into existence and subsequently destroyed by the
execution of <data change delta table>.

— A set of views to be checked.

4.41.6 Embeddable SQL-statements

This Subclause is modified by Subclause 4.11.5, “Embeddable SQL-statements”, in ISO/IEC 9075-4.

04The following SQL-statements are embeddable in an embedded SQL host program, and may be the
<SQL procedure statement> in an <externally-invoked procedure> in an <SQL-clientmodule definition>:

— All SQL-schema statements.

— All SQL-transaction statements.

— All SQL-connection statements.

— All SQL-session statements.

— All SQL-dynamic statements.

— All SQL-diagnostics statements.

— The following SQL-data statements:

• <allocate extended dynamic cursor statement>.

• <allocate received cursor statement>.

• <open statement>.

• <dynamic open statement>.

• <close statement>.

• <dynamic close statement>.

• <fetch statement>.

• <dynamic fetch statement>.

• <select statement: single row>.

• <insert statement>.

• <delete statement: searched>.

• <delete statement: positioned>.

• <dynamic delete statement: positioned>.

• <update statement: searched>.

• <update statement: positioned>.

• <merge statement>.

• <truncate table statement>.

• <dynamic update statement: positioned>.

• <hold locator statement>.
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• <free locator statement>.

— 04The following SQL-control statements:

• <call statement>.

• <return statement>.

The following SQL-statements are embeddable in an embedded SQL host program, and may occur in an
<SQL-client module definition>, though not in an <externally-invoked procedure>:

— <temporary table declaration>.

— <declare cursor>.

— <dynamic declare cursor>.

The followingSQL-statements areembeddable inanembeddedSQLhostprogram,but shall notbe specified
in an <SQL-client module definition>:

— SQL embedded exception declarations.

Consequently, the following SQL-data statements are not embeddable in an embeddedSQLhost program,
nor may they occur in an <SQL-client module definition>, nor be the <SQL procedure statement> in an
<externally-invoked procedure> in an <SQL-client module definition>:

— <dynamic select statement>.

— <dynamic single row select statement>.

— <direct select statement: multiple rows>.

— <preparable dynamic delete statement: positioned>.

— <preparable dynamic update statement: positioned>.

4.41.7 Preparable and immediately executable SQL-statements

This Subclause is modified by Subclause 4.11.6, “Preparable and immediately executable SQL-statements”,
in ISO/IEC 9075-4.

The following SQL-statements are preparable:

— All SQL-schema statements.

— All SQL-transaction statements.

— All SQL-session statements.

— The following SQL-data statements:

• <delete statement: searched>.

• <dynamic select statement>.

• <dynamic single row select statement>.

• <insert statement>.

• <update statement: searched>.

• <truncate table statement>.

• <merge statement>.
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• <preparable dynamic delete statement: positioned>.

• <preparable dynamic update statement: positioned>.

• <preparable implementation-defined statement>.

• <hold locator statement>.

• <free locator statement>.

— The following SQL-control statements:

• <call statement>.

04Consequently, the following SQL-statements are not preparable:

— All SQL-connection statements.

— All SQL-dynamic statements.

— All SQL-diagnostics statements.

— SQL embedded exception declarations.

— The following SQL-data statements:

• <allocate extended dynamic cursor statement>.

• <allocate received cursor statement>.

• <open statement>.

• <dynamic open statement>.

• <close statement>.

• <dynamic close statement>.

• <fetch statement>.

• <dynamic fetch statement>.

• <select statement: single row>.

• <delete statement: positioned>.

• <dynamic delete statement: positioned>.

• <update statement: positioned>.

• <dynamic update statement: positioned>.

• <direct select statement: multiple rows>.

• <temporary table declaration>.

• <declare cursor>.

• <dynamic declare cursor>.

— 04The following SQL-control statements:

• <return statement>.

Any preparable SQL-statement can be executed immediately, with the exception of:
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— <dynamic select statement>.

— <dynamic single row select statement>.

4.41.8 Directly executable SQL-statements

This Subclause is modified by Subclause 4.11.7, “Directly executable SQL-statements”, in ISO/IEC 9075-4.

04The following SQL-statements may be executed directly:

— All SQL-schema statements.

— All SQL-transaction statements.

— All SQL-connection statements.

— All SQL-session statements.

— The following SQL-data statements:

• <temporary table declaration>.

• <direct select statement: multiple rows>.

• <insert statement>.

• <delete statement: searched>.

• <update statement: searched>.

• <truncate table statement>.

• <merge statement>.

— 04The following SQL-control statements:

• <call statement>.

• <return statement>.

Consequently, the following SQL-statements shall not be executed directly:

— All SQL-dynamic statements.

— All SQL-diagnostics statements.

— SQL embedded exception declarations.

— The following SQL-data statements:

• <declare cursor>.

• <dynamic declare cursor>.

• <allocate extended dynamic cursor statement>.

• <allocate received cursor statement>.

• <open statement>.

• <dynamic open statement>.

• <close statement>.

• <dynamic close statement>.
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• <fetch statement>.

• <dynamic fetch statement>.

• <select statement: single row>.

• <dynamic select statement>.

• <dynamic single row select statement>.

• <delete statement: positioned>.

• <dynamic delete statement: positioned>.

• <preparable dynamic delete statement: positioned>.

• <update statement: positioned>.

• <dynamic update statement: positioned>.

• <preparable dynamic update statement: positioned>.

— <free locator statement>.

— <hold locator statement>.

4.42 Basic security model
This Subclause is modified by Subclause 4.12, “Basic security model”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 4.8, “Basic security model”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 4.11, “Basic security model”, in ISO/IEC 9075-13.
This Subclause is modified by Subclause 4.8, “Basic security model”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 4.4, “Basic security model”, in ISO/IEC 9075-16.

4.42.1 Authorization identifiers

4.42.1.1 Introduction to authorization identifiers

An authorization identifier identifies a set of privileges. An authorization identifier is either a user iden-
tifier or a role name. A user identifier represents a user of the SQL-implementation. Anymapping of user
identifiers to operating system users is implementation-defined (IA207). A role name represents a role.

4.42.1.2 SQL-session authorization identifiers

AnSQL-sessionhas a user identifier called the SQL-session user identifier.When an SQL-session is initiated,
the SQL-session user identifier is determined in an implementation-defined (IW061)manner, unless the
session is initiated using a <connect statement>. The value of the SQL-session user identifier can never
be the null value. The SQL-session user identifier can be determined by using SESSION_USER.

An SQL-session context contains a time-varying sequence of cells, known as the authorization stack, each
cell of which contains a user identifier, a role name, or both. This stack is maintained using a “last-in,
first-out” discipline, and effectively only the top cell is visible.When an SQL-session is started, by explicit
or implicit execution of a <connect statement>, the authorization stack is initialized with one cell, which
contains only the user identifier known as the SQL-session user identifier; a role name, known as the SQL-
session role namemay be added subsequently.

Execution of a <routine invocation>, <externally-invoked procedure>, triggered action, <execute state-
ment>, or <direct SQL statement> X pushes a new cell onto the top of the authorization stack. This new
cell might be a copy of the existing top cell, a routine authorization identifier, or the authorization iden-
tifier of a module owner, schema owner, or prepared statement owner, as prescribed by the applicable
General Rules. After execution of X completes, the top cell is removed.
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The contents of the top cell in the authorization stack of the current SQL-session context determine the
privileges for the execution of each SQL-statement. The user identifier, if any, in this cell is known as the
current user identifier; the role name, if any, is known as the current role name. They may be determined
using CURRENT_USER and CURRENT_ROLE, respectively.

At a given time, there may be no current user identifier or no current role name, but at least one or the
other is always present.

NOTE 89—The privileges granted to PUBLIC are available to all of the <authorization identifier>s in the SQL-environment.

The <set session user identifier statement> changes the value of the current user identifier and of the
SQL-session user identifier. The <set role statement> changes the value of the current role name.

The term current authorization identifier denotes an authorization identifier in the top cell of the
authorization stack.

4.42.1.3 SQL-client module authorization identifiers

If an <SQL-client module definition> contains a <module authorization identifier>MAI, thenMAI is the
owner of the corresponding SQL-client moduleM and is used as the current authorization identifier for
the execution of each externally-invoked procedure inM. IfM has no owner, then the current user iden-
tifier and the current role name of the SQL-session are used as the current user identifier and current
role name, respectively, for the execution of each externally-invoked procedure inM.

4.42.1.4 SQL-schema authorization identifiers

Every schema has an owner, determined at the time of its creation from a <schema definition> SD. That
owner is

Case:

— If SD simply contains a <schema authorization identifier> SAI, then SAI.

— If SD is simply contained in an<SQL-clientmodule definition> that contains a <module authorization
identifier>MAI, thenMAI.

— Otherwise, the SQL-session user identifier.

4.42.2 Privileges

This Subclause is modified by Subclause 4.12.1, “Privileges”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 4.8.1, “Privileges”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 4.11.1, “Privileges”, in ISO/IEC 9075-13.
This Subclause is modified by Subclause 4.8.1, “Privileges”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 4.4.1, “Privileges”, in ISO/IEC 9075-16.

04 09 13 14 16Aprivilege authorizes a specifiedaction to beperformedby a specified<authorization identifier>
on a specified object. The object in question is one of the following:

— A base table.

— A view.

— A view component.

— A column.

— A domain.

— A character set.

— A collation.
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— A transliteration.

— A user-defined type.

— A table/method pair.

— An SQL-invoked routine.

— A sequence generator.

Each privilege is represented by a privilege descriptor. A privilege descriptor contains:

— The identification of the object on which the privilege is granted.

— The <authorization identifier> of the grantor of the privilege.

— The <authorization identifier> of the grantee of the privilege.

— Identification of the action that the privilege allows.

— An indication of whether or not the privilege is grantable.

— An indication of whether or not the privilege has the WITH HIERARCHY OPTION specified.

A privilege descriptor Pwith object O, grantee G, and action ACT is said to describe an ACT privilege on
O held by G.

NOTE 90— For example, a SELECT privilege on a table, column, or table/method pair; an INSERT privilege on a table or
column; etc.

IfACT is SELECTandPhas an indication that theprivilegehasWITHHIERARCHYOPTION, thenPdescribes
the SELECTWITH HIERARCHY OPTION privilege on O held by G.

A privilege descriptor kernel contains:

— The identification of an object.

— The identification of an action.
NOTE 91— A privilege descriptor kernel is a subset of a privilege descriptor. A privilege descriptor kernel is used in the
rules of Clause 12, “Access control”, to construct privilege descriptors from <object name> and <action>, which specify, in
a non-orthogonal way, the combination of object and action.

The action is one of the following:

— INSERT.

— UPDATE.

— DELETE.

— SELECT.

— REFERENCES.

— USAGE.

— UNDER.

— TRIGGER.

— EXECUTE.
NOTE 92— Some <action>s, such as SELECT ( <column name list> ), both specify an action and also partially specify one
or more objects.
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Aprivilege descriptorwith anobject that is a table or viewcomponentT and an action of INSERT, UPDATE,
DELETE, SELECT, TRIGGER, or REFERENCES is called a table privilege descriptor and identifies the
existence of a privilege on T. If T is a view component, then the privilege descriptor is called a view com-
ponent table privilege descriptor.

16A privilege descriptor with an object that is a column C and an action of SELECT, INSERT, UPDATE, or
REFERENCES is called a column privilege descriptor and identifies the existence of a privilege C. If C is a
column of a view component, then the privilege descriptor is called a view component column privilege
descriptor.

A privilege descriptor with an action of SELECT and an object that is a table/method pair is called a
table/method privilege descriptor and identifies the existence of a privilege on the identified method of
the structured type of the table identified by the privilege descriptor.

A table privilege descriptor specifies that the privilege identified by the action (unless the action is
DELETE) is to be automatically granted by the grantor to the grantee on all columns subsequently added
to the table. In addition, if the table is a referenceable table of structured type ST and the action is SELECT,
then the table privilege descriptor specifies that the SELECT privilege is to be automatically granted by
the grantor to the grantee on all methods subsequently added to ST.

09 13 14A privilege descriptor with an action of USAGE is called a usage privilege descriptor and describes
a privilege on an object of one of the following kinds:

— A domain.

— A user-defined type.

— A character set.

— A collation.

— A transliteration.

— A sequence generator.

A privilege descriptor with an action of UNDER is called an under privilege descriptor and identifies the
existence of the privilege on the structured type identified by the privilege descriptor.

A privilege descriptor with an action of EXECUTE is called an execute privilege descriptor and identifies
the existence of a privilege on the SQL-invoked routine identified by the privilege descriptor.

A grantable privilege is a privilege that may be granted by a <grant privilege statement>. The WITH
GRANTOPTION clause of a <grant privilege statement> specifies whether the <authorization identifier>
identifying the recipient of a privilege (acting as a grantor) may grant it to others.

Privilege descriptors that represent privileges for the owner of an object have a special grantor value,
"_SYSTEM". This value is reflected in the Information Schema for all privileges that apply to the owner
of the object.

NOTE93—"_SYSTEM" is a <delimited identifier>. Thus, the enclosingquotationmarks are are the<double quote>s specified
in the BNF production for <delimited identifier>.

NOTE 94— The Information Schema is defined in ISO/IEC 9075-11.

Aschema that is ownedbya given schema<user identifier>or schema<role name>may containprivilege
descriptors that describe privileges granted to other <authorization identifier>s (grantees). The granted
privileges apply to objects defined in the current schema.

04A view privilege dependency descriptor is a descriptor that includes two privilege descriptors, called
the supporting privilege descriptor and the dependent privilege descriptor. A view privilege dependency
descriptor is a record that an INSERT, UPDATE, or DELETE privilege of a view, or a column of a view, is
directly dependent on another privilege.

148 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
4.42 Basic security model

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


4.42.3 Roles

A role, identified by a role name, is, like a user, a potential grantee and grantor of privileges and of other
roles. Also like a user, a role can additionally own schemas and other objects.

A role is created by executing a <role definition> and destroyed by executing a <drop role statement>.

A role is granted to one or more authorization identifiers by executing a <grant role statement>. The
granting of a role to an authorization identifier A is called a role authorization (for A).

If the authorization identifier A to which a role R is granted is a user identifier, then A is able by means
of a <set role statement> to temporarily also acquire the privileges of R.

The privileges of a role with role name R are the union of the privileges whose grantee is R and the sets
of privileges for the role names defined by the role authorizations for R. Cycles of role authorizations are
prohibited.

The WITH ADMIN OPTION clause of the <grant role statement> for role R specifies that each grantee
may grant R to others, revoke R from others, and destroy R.

Each role authorization is described by a role authorization descriptor. A role authorization descriptor
includes:

— The role name of the role.

— The authorization identifier of the grantor.

— The authorization identifier of the grantee.

— An indication of whether or not the role authorization is grantable.

4.42.4 Security model definitions

A roleR is applicable for an authorization identifierA if there exists a role authorization descriptorwhose
role name is R and whose grantee is PUBLIC, or A, or an applicable role for A.

A privilege P is applicable for an authorization identifier A if its grantee is PUBLIC, or A, or, if A is a role
name, an applicable role for A.

NOTE 95— “applicable for” is a persistent relationship between persistent objects. Thus, it in noway depends on any SQL-
session.

An authorization identifier is enabled if it is the current user identifier, the current role name, or a role
name that is applicable for the current role name.

A privilege P is current if P is applicable for an enabled authorization identifier.
NOTE 96— “enabled” and “current” apply to (transient) elements of the current SQL-session context.

4.43 SQL-transactions
This Subclause is modified by Subclause 4.9, “SQL-transactions”, in ISO/IEC 9075-9.

4.43.1 General description of SQL-transactions

An SQL-transaction (transaction) is a sequenceof executions of SQL-statements that is atomicwith respect
to recovery. These operations are performed by one or more compilation units and SQL-client modules.
The operations comprising an SQL-transaction may also be performed by the direct invocation of SQL.

If anSQL-implementationsupportsFeatureT670, “Schemaanddata statementmixing”, anSQL-transaction
maycause theexecutionof either SQL-data andSQL-schemastatementsor<SQLdynamicdata statement>s
and dynamic SQL-schema statements. There may be additional implementation-defined (IA210)
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restrictions, requirements, and conditions. If any such restrictions, requirements, or conditionsareviolated,
then it is implementation-defined(IC013)whetheran implementation-defined(IC013)exceptioncondition
is raised or a completion conditionwarning (01000) is raised.

Without Feature T670, “Schema and data statementmixing”, executing either SQL-data and SQL-schema
statements or executing <SQL dynamic data statement>s and dynamic SQL-schema statements in the
same SQL-transaction results in raising an exception condition.

If such mixing occurs, then, in either case, the effect on any open cursor or deferred constraint is imple-
mentation-defined (IA210).

Each SQL-client module that executes an SQL-statement of an SQL-transaction is associated with that
SQL-transaction. Each direct invocation of SQL that executes an SQL-statement of an SQL-transaction is
associatedwith that SQL-transaction. An SQL-transaction is initiatedwhennoSQL-transaction is currently
active by direct invocation of SQL that results in the execution of a transaction-initiating <direct SQL
statement>. AnSQL-transaction is initiatedwhennoSQL-transaction is currently active andan<externally-
invoked procedure> is called that results in the execution of a transaction-initiating SQL-statement. An
SQL-transaction is terminated by a <commit statement> or a <rollback statement>. If an SQL-transaction
is terminated by successful execution of a <commit statement>, then all changes made to SQL-data or
schemas by that SQL-transaction are made persistent and accessible to all concurrent and subsequent
SQL-transactions. If an SQL-transaction is terminatedby a<rollback statement>or unsuccessful execution
of a <commit statement>, then all changes made to SQL-data or schemas by that SQL-transaction are
canceled. Committed changes cannot be canceled. If execution of a <commit statement> is attempted,
but certain exception conditions are raised, it is unknownwhether or not the changes made to SQL-data
or schemas by that SQL-transaction are canceled or made persistent.

WhenanSQL-transaction is terminatedbya<commit statement>or a<rollback statement> that specifies
AND CHAIN, a new SQL-transaction is immediately started. The new SQL-transaction will have the same
characteristics as the SQL-transaction just terminated, except that the constraint mode of each integrity
constraint reverts to its default mode (deferred or immediate).

4.43.2 Savepoints

An SQL-transaction may be partially rolled back by using a savepoint. The savepoint and its <savepoint
name> are established within an SQL-transaction when a <savepoint statement> is executed.

An SQL-transaction has one or more savepoint levels, exactly one of which is the current savepoint level.
The savepoint levels of an SQL-transaction are nested, such that when a new savepoint level NSL is
established, the current savepoint level CSL ceases to be current and NSL becomes current. When NSL is
destroyed, CSL becomes current again.

A savepoint level exists in an SQL-session SS even when no SQL-transaction is active, this savepoint level
remaining the current one when an SQL-transaction is initiated in SS.

A savepoint SP exists at exactly one savepoint level, namely, the savepoint level that is current when SP
is established.

If a <rollback statement> references a savepoint SS, then all changes made to SQL-data or schema sub-
sequent to the establishment of SS are canceled, and all savepoints established since SSwas established
are destroyed.

NOTE 97— The SQL-transaction is effectively restored to its state as it was immediately following the execution of the
<savepoint statement> that established SS.

Savepoints existing at savepoint level SPL are destroyedwhen SPL is destroyed. Savepoint SS in the current
savepoint level and all savepoints established since SSwas established are destroyed when a <release
savepoint statement> specifying the savepoint name of SS is executed. A savepoint may be replaced by
anotherwith the same namewithin a savepoint level by executing a <savepoint statement> that specifies
that name.
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It is implementation-defined (IA211) whether or not, or how, a <rollback statement> that references a
<savepoint specifier> affects diagnostics area contents, the contents of SQL descriptor areas, and the
status of prepared statements.

4.43.3 Properties of SQL-transactions

This Subclause is modified by Subclause 4.9.1, “Properties of SQL-transactions”, in ISO/IEC 9075-9.

An SQL-transaction has a constraint mode for each integrity constraint. The constraint mode for an
integrity constraint in an SQL-transaction is described in Subclause 4.25, “Integrity constraints”.

An SQL-transaction has a transaction access mode that is either read-only or read-write. The transaction
accessmodemay be explicitly set by a <set transaction statement> before the start of an SQL-transaction
or by the use of a <start transaction statement> to start an SQL-transaction; otherwise, it is implicitly set
to the default transaction accessmode for the SQL-session before each SQL-transaction begins. If no <set
session characteristics statement> has set the default transaction access mode for the SQL-session, then
the default transaction access mode for the SQL-session is read-write.

09The term read-only applies only to viewed tables and persistent base tables.

An SQL-transaction has a condition area limit, which is a positive integer that specifies the maximum
number of conditions that can be placed in any diagnostics area during execution of an SQL-statement
in this SQL-transaction.

An SQL-transactionhas a transaction timestamp, a value of an implementation-defined (IV072) timestamp
type that is used to set the values of system-time period start and system-time period end columns of
rows, if any, modified by the execution of an SQL-data change statement in this SQL-transaction. The
transaction timestamp is set by an SQL-implementationbefore any SQL-data change statement is executed
in that transaction and, once set, remains unchanged during that SQL-transaction.

SQL-transactions initiated bydifferent SQL-agents that access the sameSQL-data or schemas andoverlap
in time are concurrent SQL-transactions.

4.43.4 Isolation levels of SQL-transactions

An SQL-transaction has a transaction isolation level that is READ UNCOMMITTED, READ COMMITTED,
REPEATABLE READ, or SERIALIZABLE. The transaction isolation level of an SQL-transaction defines the
degree towhich the operations on SQL-data or schemas in that SQL-transaction are affected by the effects
of and can affect operations on SQL-data or schemas in concurrent SQL-transactions. The transaction
isolation level of an SQL-transaction when any cursor is held open from the previous SQL-transaction
within an SQL-session is the transaction isolation level of the previous SQL-transaction by default. If no
cursor is held open, or this is thefirst SQL-transactionwithin an SQL-session, then the transaction isolation
level is SERIALIZABLEbydefault. The transaction isolation level canbe explicitly set by the<set transaction
statement> before the start of an SQL-transaction or by the use of a <start transaction statement> to start
an SQL-transaction. If it is not explicitly set, then the transaction isolation level is implicitly set to the
default transaction isolation level for the SQL-session before each SQL-transaction begins. If no <set
session characteristics statement> has set the default transaction isolation level for the SQL-session, then
the default transaction isolation level for the SQL-session is SERIALIZABLE.

Execution of a <set transaction statement> is prohibited after the start of an SQL-transaction and before
its termination. Execution of a <set transaction statement> before the start of an SQL-transaction sets
the transaction access mode, transaction isolation level, and condition area limit for the single SQL-
transaction that is started after the execution of that <set transaction statement>. If multiple <set trans-
action statement>s are executed before the start of an SQL-transaction, the last such statement is the one
whose settings are effective for that SQL-transaction; their actions are not cumulative.

The execution of concurrent SQL-transactions at transaction isolation level SERIALIZABLE is guaranteed
to be serializable. A serializable execution is defined to be an execution of the operations of concurrently
executing SQL-transactions that produces the same effect as some serial execution of those same SQL-
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transactions. A serial execution is one in which each SQL-transaction executes to completion before the
next SQL-transaction begins.

The transaction isolation level specifies the kind of phenomena that can occur during the execution of
concurrent SQL-transactions. The following phenomena are possible:

— P1 (“Dirty read”): SQL-transactionT1modifies a row. SQL-transactionT2 then reads that rowbefore
T1 performs a COMMIT. If T1 then performs a ROLLBACK, T2will have read a row that was never
committed and that may thus be considered to have never existed.

— P2 (“Non-repeatable read”): SQL-transaction T1 reads a row. SQL-transaction T2 then modifies or
deletes that row and performs a COMMIT. If T1 then attempts to reread the row, it may receive the
modified value or discover that the row has been deleted.

— P3 (“Phantom”): SQL-transaction T1 reads the set of rows N that satisfy some <search condition>.
SQL-transaction T2 then executes SQL-statements that generate one or more rows that satisfy the
<search condition> used by SQL-transaction T1. If SQL-transaction T1 then repeats the initial read
with the same <search condition>, it obtains a different collection of rows.

The four transaction isolation levels guarantee that each SQL-transaction will be executed completely or
not at all, and that no updates will be lost. The transaction isolation levels are different with respect to
phenomenaP1,P2, andP3. Table 11, “SQL-transaction isolation levels and the three phenomena”, specifies
the phenomena that are possible and not possible for a given transaction isolation level.

Table 11— SQL-transaction isolation levels and the three phenomena

P3P2P1Level

PossiblePossiblePossibleREAD UNCOMMITTED

PossiblePossibleNot PossibleREAD COMMITTED

PossibleNot PossibleNot PossibleREPEATABLE READ

Not PossibleNot PossibleNot PossibleSERIALIZABLE

NOTE 98—The exclusion of these phenomena for SQL-transactions executing at transaction isolation level SERIALIZABLE
is a consequence of the requirement that such transactions be serializable.

Changesmade to SQL-data or schemas by an SQL-transaction in an SQL-sessionmay be perceived by that
SQL-transaction in that sameSQL-session, andbyother SQL-transactions, or by that sameSQL-transaction
in other SQL-sessions, at transaction isolation level READ UNCOMMITTED, but cannot be perceived by
other SQL-transactions at transaction isolation level READ COMMITTED, REPEATABLE READ, or SERI-
ALIZABLE until the former SQL-transaction terminates with a <commit statement>.

Regardless of the transaction isolation level of the SQL-transaction, phenomena P1, P2, and P3 shall not
occurduring the implied readingof schemadefinitionsperformedonbehalf of executinganSQL-statement,
the checking of integrity constraints, and the execution of referential actions associated with referential
constraints. The schema definitions that are implicitly read are implementation-dependent (UA049).
This does not affect the explicit reading of rows from tables in the Information Schema, which is done at
the transaction isolation level of the SQL-transaction.

NOTE 99— The Information Schema is defined in ISO/IEC 9075-11.

4.43.5 Implicit rollbacks

The execution of a <rollback statement> may be initiated implicitly by an SQL-implementation when it
detects the inability to guarantee the serializability of two or more concurrent SQL-transactions. When
this error occurs, an exception condition is raised: transaction rollback— serialization failure (40001).
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The execution of a <rollback statement> may be initiated implicitly by an SQL-implementation when it
detects unrecoverable errors. When such an error occurs, an exception condition is raised: transaction
rollback (40000)with an implementation-defined (IC014) subclass code.

The execution of a <rollback statement>maybe initiated implicitlywhen an SQL-implementationdetects
the loss of the current SQL-Connection. See Subclause 4.44, “SQL-connections”.

4.43.6 Effects of SQL-statements in an SQL-transaction

The execution of an SQL-statementwithin an SQL-transactionhas no effect on SQL-data or schemas other
than the effect stated in the General Rules for that SQL-statement and in the General Rules for
Subclause 13.4, “<SQL procedure statement>”. Together with serializable execution, this implies that all
read operations are repeatable within an SQL-transaction at transaction isolation level SERIALIZABLE,
except for:

— Theeffects of changes to SQL-dataor schemasand its contentsmadeexplicitly by the SQL-transaction
itself.

— The effects of differences in SQL parameter values supplied to externally-invoked procedures.

— The effects of references to time-varying system variables such as CURRENT_DATE and CUR-
RENT_USER.

4.43.7 Encompassing transactions

4.43.7.1 Encompassing transaction belonging to an external agent

In some environments (e.g., remote database access), an SQL-transaction can be part of an encompassing
transaction that is controlled by an agent other than the SQL-agent.

In such environments, an encompassing transaction shall be terminated via that other agent, which in
turn interacts with the SQL-implementation via an interface that may be different from SQL (COMMIT
or ROLLBACK), in order to coordinate the orderly termination of the encompassing transaction. If the
encompassed SQL-transaction is terminated by an implicitly initiated <rollback statement>, then the
SQL-implementationwill interact with that other agent to terminate that encompassing transaction. The
specification of the interface between such agents and the SQL-implementation is beyond the scope of
this document. However, it is important to note that the semantics of an SQL-transaction remain as
defined in the following sense:

— When an agent that is different from the SQL-agent requests the SQL-implementation to rollback
an SQL-transaction, the General Rules of Subclause 17.8, “<rollback statement>”, are performed.

— When such an agent requests the SQL-implementation to commit an SQL-transaction, the General
Rules of Subclause 17.7, “<commit statement>”, are performed. To guarantee orderly termination
of the encompassing transaction, this commit operation may be processed in several phases not
visible to the application; not all the General Rules of Subclause 17.7, “<commit statement>”, need
to be executed in a single phase.

However, even in such environments, the SQL-agent interacts directly with the SQL-server to set charac-
teristics (such as read-only or read-write, transaction isolation level, and constraints mode) that are
specific to the SQL-transaction model.

4.43.7.2 Encompassing transaction belonging to the SQL-agent

It is implementation-defined (IA057) whether SQL-transactions that affect more than one SQL-server
are supported. If such SQL-transactions are supported, then the part of each SQL-transaction that affects
a single SQL-server is called a branch transaction or a branch of the SQL-transaction. If such SQL-transac-
tions are supported, then they generally have all the same characteristics (transaction access mode,
condition area limit, and transaction isolation level, as well as constraint mode). However, it is possible
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to alter some characteristics of such an SQL-transaction at one SQL-server by the use of the SET LOCAL
TRANSACTION statement; if a SET LOCAL TRANSACTION statement is executed at an SQL-server before
any transaction-initiating SQL-statement, then it may set the characteristics of that branch of the SQL-
transaction at that SQL-server.

The characteristics of a branch of an SQL-transaction are limited by the characteristics of the SQL-trans-
action as a whole:

— If the SQL-transaction is read-write, then the branch of the SQL-transaction may be read-write or
read-only; if the SQL-transaction is read-only, then the branch of the SQL-transaction shall be read-
only.

— If the SQL-transaction has a transaction isolation level of READ UNCOMMITTED, then the branch
of the SQL-transaction may have a transaction isolation level of READ UNCOMMITTED, READ
COMMITTED, REPEATABLE READ, or SERIALIZABLE.

If the SQL-transaction has a transaction isolation level of READ COMMITTED, then the branch of
the SQL-transaction shall have a transaction isolation level of READ COMMITTED, REPEATABLE
READ, or SERIALIZABLE.

If the SQL-transaction has a transaction isolation level of REPEATABLE READ, then the branch of
the SQL-transaction shall have a transaction isolation level of REPEATABLEREADor SERIALIZABLE.

If the SQL-transaction has a transaction isolation level of SERIALIZABLE, then the branch of the
SQL-transaction shall have a transaction isolation level of SERIALIZABLE.

— The condition area limit of a branch of an SQL-transaction is always the same as the condition area
limit of the SQL-transaction; SET LOCAL TRANSACTION shall not specify a condition area limit.

4.44 SQL-connections
An SQL-connection is an association between an SQL-client and an SQL-server. An SQL-connection may
be established and named by a <connect statement>, which identifies the desired SQL-server by means
of an <SQL-server name>. A <connection name> is specified as a <simple value specification> whose
value is an <identifier>. Two <connection name>s identify the same SQL-connection if their values, with
leading and trailing <space>s removed, are equivalent according to the rules for <identifier> comparison
in Subclause 5.2, “<token> and <separator>”. It is implementation-defined (IW123) how an SQL-imple-
mentation uses <SQL-server name> to determine the location, identity, and communication protocol
required to access the SQL-server and create an SQL-session.

An SQL-connection is an active SQL-connection if any SQL-statement that initiates or requires an SQL-
transactionhasbeenexecutedat its SQL-servervia that SQL-connectionduring the current SQL-transaction.

An SQL-connection is either current or dormant. If the SQL-connection established by the most recently
executed implicit or explicit <connect statement> or <set connection statement>has not been terminated,
then that SQL-connection is the current SQL-connection; otherwise, there is no current SQL-connection.
An existing SQL-connection that is not the current SQL-connection is a dormant SQL-connection.

An SQL-implementationmay detect the loss of the current SQL-connection during execution of any SQL-
statement.When sucha connection failure is detected, an exception condition is raised: transaction rollback
— statement completion unknown (40003). This exception condition indicates that the results of the
actions performed in the SQL-server on behalf of the statement are unknown to the SQL-agent.

Similarly, an SQL-implementationmaydetect the loss of the current SQL-connectionduring the execution
of a <commit statement>. When such a connection failure is detected, an exception condition is raised:
connection exception— transaction resolution unknown (08007). This exception condition indicates that
the SQL-implementation cannot verify whether the SQL-transaction was committed successfully, rolled
back, or left active.
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Ausermay initiate an SQL-connectionbetween the SQL-client associatedwith the SQL-agent anda specific
SQL-server by executing a <connect statement>. Otherwise, an SQL-connection between the SQL-client
and an implementation-defined (ID043) default SQL-server is initiated when an externally-invoked
procedure is called and no SQL-connection is current. The SQL-connection associatedwith an implemen-
tation-defined (ID043) default SQL-server is called the default SQL-connection. An SQL-connection is
terminated either by executing a <disconnect statement>, or following the last call to an externally-
invoked procedure within the last active SQL-client module, or by the last execution of a <direct SQL
statement> through the direct invocation of SQL. The mechanism and rules by which an SQL-implemen-
tation determines whether a call to an externally-invoked procedure is the last call within the last active
SQL-client module and the mechanism and rules by which an SQL-implementation determines whether
a direct invocation of SQL is the last execution of a <direct SQL statement> are implementation-defined
(IW124).

An SQL-implementation shall support at least one SQL-connection and may require that the SQL-server
be identified at the binding time chosen by the SQL-implementation. If an SQL-implementation permits
more thanone concurrent SQL-connection, then the SQL-agentmay connect tomore thanone SQL-server
and select the SQL-server by executing a <set connection statement>.

4.45 SQL-sessions
This Subclause is modified by Subclause 4.13, “SQL-sessions”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 4.10, “SQL-sessions”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 4.9, “SQL-sessions”, in ISO/IEC 9075-14.

4.45.1 General description of SQL-sessions

This Subclause is modified by Subclause 4.13.1, “General description of SQL-sessions”, in ISO/IEC 9075-4.

An SQL-session spans the execution of a sequence of consecutive SQL-statements invoked either by a
single user from a single SQL-agent or by the direct invocation of SQL. At any one time during an SQL-
session, exactly one of the SQL-statements in this sequence is being executed and is said to be an
executing statement. In some cases, an executing statement ES causes a nested sequence of consecutive
SQL-statements to be executed as a direct result of ES; during that time, exactly one of these is also an
executing statement and it in turn might similarly involve execution of a further nested sequence, and
so on, indefinitely. An executing statement ES such that no statement is executing as a direct result of ES
is called the innermost executing statement of the SQL-session.

An SQL-session is associated with an SQL-connection. The SQL-session associated with the default SQL-
connection is called the default SQL-session. An SQL-session is either current or dormant. The current
SQL-session is the SQL-session associated with the current SQL-connection. A dormant SQL-session is an
SQL-session that is associated with a dormant SQL-connection.

Within an SQL-session, SQL-client module declared local temporary tables are effectively created by
<temporary table declaration>s contained in<SQL-clientmoduledefinition>s. SQL-clientmoduledeclared
local temporary tables are accessible only to invocations of <externally-invoked procedure>s in the SQL-
client module in which they are declared. The definitions of SQL-client module declared local temporary
tables persist until the end of the SQL-session.

04Within an SQL-session, locators are effectively created when a host parameter, a host variable, or an
SQL parameter of an external routine that is specified as a binary large object locator, a character large
object locator, a user-defined type locator, an array locator, or a multiset locator is assigned a value of
binary large object type, character large object type, user-defined type, array type, or multiset type,
respectively. These locators are part of the SQL-session context. A locator may be either valid or invalid.
All locators remaining valid at the end of an SQL-session are marked invalid on termination of that SQL-
session. A host variable that is a locator may be holdable or non-holdable.

© ISO/IEC 2023 – All rights reserved 155

ISO/IEC 9075-2:2023(E)
4.44 SQL-connections

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


4.45.2 SQL-session identification

AnSQL-sessionhas aunique implementation-dependent (UV068)SQL-session identifier. This SQL-session
identifier is different from theSQL-session identifierof anyother concurrent SQL-session. The SQL-session
identifier is used to effectively define implementation-defined (IV073) schemas that contain the instances
of any global temporary tables, created local temporary tables, or declared local temporary tables within
the SQL-session.

An SQL-session is started as a result of successful execution of a <connect statement>, which sets the
initial SQL-sessionuser identifier to the value of the implicit or explicit <connectionuser name> contained
in the <connect statement>.

An SQL-session initially has no SQL-session role name.

An SQL-session has an original time zone displacement and a current default time zone displacement,
which are values of data type INTERVAL HOUR TO MINUTE. Both the original time zone displacement
and the current default time zone displacement are initially set to the same implementation-defined
(ID044) value. The current default time zone displacement can subsequently be changed by successful
execution of a <set local time zone statement>. The original time zone displacement cannot be changed.
It is also possible to set the current default time zone displacement to equal the value of the original time
zone displacement.

An SQL-session has a default catalog name that is used to effectively qualify unqualified <schemaname>s
that are contained in <preparable statement>s when those statements are prepared in the current SQL-
sessionby either an <execute immediate statement> or a <prepare statement> or are contained in <direct
SQL statement>s when those statements are invoked directly. The default catalog name is initially set to
an implementation-defined (ID045) value but can subsequently be changed by the successful execution
of a <set catalog statement> or <set schema statement>. The default catalog name of an SQL-sessionmay
be determined by using the <general value specification> CURRENT_CATALOG.

An SQL-session has a default unqualified schema name that is used to effectively qualify unqualified
<schema qualified name>s that are contained in <preparable statement>s when those statements are
prepared in the current SQL-sessionbyeither an<execute immediate statement>or a<prepare statement>
or are contained in <direct SQL statement>s when those statements are invoked directly. The default
unqualified schemaname is initially set to an implementation-defined (ID046) valuebut can subsequently
be changed by the successful execution of a <set schema statement>. The default unqualified schema
nameof anSQL-sessionmaybedeterminedbyusing the<general value specification>CURRENT_SCHEMA.

4.45.3 SQL-session properties

This Subclause is modified by Subclause 4.10.1, “SQL-session properties”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 4.9.1, “SQL-session properties”, in ISO/IEC 9075-14.

An SQL-session has an SQL-path that is used to effectively qualify unqualified <routine name>s that are
immediately contained in <routine invocation>s that are contained in <preparable statement>s when
those statements are prepared in the current SQL-session by either an <execute immediate statement>
or a <prepare statement>or are contained in <direct SQL statement>swhen those statements are invoked
directly. The SQL-path is initially set to an implementation-defined (ID047) value, but can subsequently
be changed by the successful execution of a <set path statement>.

The text defining the SQL-path can be referenced by using the <general value specification> CUR-
RENT_PATH.

AnSQL-sessionhas adefault transformgroupnameandoneormoreuser-defined typename—transform
group name pairs that are used to identify the group of transform functions for every user-defined type
that is referenced in <preparable statement>s when those statements are prepared in the current SQL-
session by either an <execute immediate statement> or a <prepare statement> or is referenced in <direct
SQL statement>s when those statements are invoked directly. The transform group name for a given
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user-defined type name is initially set to an implementation-defined (ID048) value but can subsequently
be changed by the successful execution of a <set transform group statement>.

The text defining the transform group names associated with the SQL-session can be referenced using
twomechanisms: the <general value specification> “CURRENT_TRANSFORM_GROUP_FOR_TYPE <path-
resolved user-defined type name>”, which evaluates to the name of the transform group associated with
the specifieddata type, and the<general value specification> “CURRENT_DEFAULT_TRANSFORM_GROUP”,
which evaluates to the name of the transform group associated with all types that have no type-specific
transform group specified for them.

An SQL-session has a default character set name that is used to identify the character set in which <pre-
parable statement>s are represented when those statements are prepared in the current SQL-session
byeither an<execute immediate statement>or a<prepare statement>or inwhich<direct SQLstatement>s
are represented when those statements are invoked directly. The default character set name is initially
set to an implementation-defined (ID049) value but can subsequently be changed by the successful exe-
cution of a <set names statement>.

14For each character set known to the SQL-implementation, an SQL-session has at most one SQL-session
collation for that character set, to be used when the rules of Subclause 9.15, “Collation determination”,
are applied. There are no SQL-session collations at the start of an SQL-session. The SQL-session collation
for a character set can be set or changedby the successful execution of a <set session collation statement>.

An SQL-session has a subject table restriction flag that is initially set to False and a restricted subject table
name list that is set to an empty list when the SQL-session is started. At the start of an evaluation of a
<data change delta table> DCDT containing a <result option> that specifies FINAL, the subject table
restrictionflag is set toTrue and thenameof the subject table of the <data change statement> immediately
contained in DCDT is added to the restricted subject table name list. After the evaluation of DCDT, the
name of the subject table of the <data change statement> immediately contained in DCDT is removed
from the restricted subject table name list. If the restricted subject table name list becomes empty, the
subject table restriction flag is set to False.

An SQL-invoked routine is active as soon as an SQL-statement executed by an SQL-agent causes invocation
of an SQL-invoked routine and ceases to be active when execution of that invocation is complete.

At any time during an SQL-session, containing SQL is said to be permitted or not permitted. Similarly,
reading SQL-data is said to be permitted or not permitted andmodifying SQL-data is said to be permitted
or not permitted.

An SQL-session has enduring characteristics. The enduring characteristics of an SQL-session are initially
the same as the default values for the corresponding SQL-session characteristics. The enduring charac-
teristics are changed by successful execution of a <set session characteristics statement> that specifies
one or more enduring characteristics. Enduring characteristics that are not specified in a <set session
characteristics statement> are not changed in any way by the successful execution of that statement.

An SQL-session has the following enduring characteristics:

— enduring transaction characteristics.

Each of the enduring characteristics can be altered at any time in an SQL-session by executing an appro-
priate <set session characteristics statement>.

09 14An SQL-session has a stack of contexts that is preserved when an SQL-session is made dormant and
restored when the SQL-session is made active. Each context in the stack comprises:

— The SQL-session identifier.

— The authorization stack.

— The SQL-session user identifier.
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— The current transaction access mode.

— The current transaction isolation level.

— The current SQL diagnostics area stack and its contents, alongwith the current condition area limit.

— For each character set known to the SQL-implementation, the SQL-session collation, if any.

— The original time zone displacement.

— The current default time zone displacement.

— The value of the SQL-path for the current SQL-session.

— The text defining the SQL-path.

— The identities of all instances of temporary tables accessible in the SQL-session.

— The current constraint mode for each integrity constraint.

— The cursor instance descriptor of all open cursors accessible in the SQL-session.

— The set of values of all valid locators accessible in the SQL-session.

— The current default catalog name.

— The current default unqualified schema name.

— The current default character set name.

— All prepared statements prepared during the current SQL-session and not deallocated.

— The contents of all SQL dynamic descriptor areas.

— The text defining the default transform group name.

— The text defining the user-defined type name—transform group name pair for each user-defined
type explicitly set by the user.

— Each currently available result set sequence RSS, along with the specific name of an SQL-invoked
procedure SIP and the name of the invoker of SIP for the invocation causing RSS to be brought into
existence.

NOTE100—Result set sequences are defined in Subclause 4.35.6, “Result sets returnedby SQL-invokedprocedures”.

— The subject table restriction flag.

— The restricted subject table name list.

— An indication of whether a triggered action is executing, initially none executing.

— A statement timestamp: either “not set”, or a datetime value of type TIMESTAMP(n) WITH TIME
ZONE, where n is the implementation-defined (IL038) maximum <timestamp precision>, which is
the date and time atwhich every <datetime value function> in the statement is effectively evaluated;
initially “not set”.

— A statement execution context.

— A routine execution context.
NOTE 101— The use of the word “current” in the preceding list implies the values that are current in the SQL-session that
is to be made dormant, and not the values that will become current in the SQL-session that will become the active SQL-
session.
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4.45.4 SQL-session context management

There is a stack of SQL-session contexts. There is one cell on this stack when the SQL-session begins. An
additional SQL-session context is pushed on the stack for each <routine invocation>, and is removed
when the <routine invocation> completes execution.When the new SQL-session contextNSSC is created,
some of its characteristics are copies of the corresponding characteristics in the SQL-session context
immediately belowNSSC on the stack of SQL-session contexts; other characteristics are set to implemen-
tation-defined (IV182) values.

Within each SQL-session context, there is a characteristic called the SQL-session user identifier, the value
of which can be ascertained from an application by the use of the <value specification> SESSION_USER.
If the initial SQL-session is begun with a <connect statement> that specifies the user identifier, the value
of SESSION_USER is that user identifier; otherwise, the value of SESSION_USER in the first SQL-session
context is implementation-defined (ID050).

4.45.5 Execution contexts

Execution contexts augment an SQL-session context to cater for certain special circumstances thatmight
pertain from time to timeduring invocations of SQL-statements. An execution context is either a statement
execution context or a routine execution context. There is always a statement execution context and a
routine execution context. For certain SQL-statements, the statement execution context is always atomic;
for others, it is always or sometimes non-atomic. Statement execution contexts are described in
Subclause 4.41.5, “SQL-statement atomicity and statement execution contexts”, and routine execution
contexts in Subclause 4.45.6, “Routine execution context”.

4.45.6 Routine execution context

A routine execution context consists of:

— An indication as to whether or not an SQL-invoked routine is active.

— An SQL-data access indication, which identifies what SQL-statements, if any, are allowed during
the execution of an SQL-invoked routine. The SQL-data access indication is one of the following:
does not possibly contain SQL, possibly contains SQL, possibly reads SQL-data, or possiblymodifies
SQL-data.

— An identification of the SQL-invoked routine that is active.

— The routine SQL-path derived from the routine SQL-path if the SQL-invoked routine that is active
is an SQL routine and from the external routine SQL-path if the SQL-invoked routine that is active
is an external routine.

— An indication of whether the active SQL-invoked routine is an SQL-invoked function.

An SQL-invoked routine is active as soon as an SQL-statement executedby an SQL-agent causes invocation
of an SQL-invoked routine and ceases to be active when execution of that invocation is complete.

When an SQL-agent causes the invocation of an SQL-invoked routine, a new context for the current SQL-
session is created and the values of the current context are preserved. When the execution of that SQL-
invoked routine completes, the original context of the current SQL-session is restored and some SQL-
session characteristics are reset.

If the routine execution context of the SQL-session indicates that an SQL-invoked routine is active, then
the routine SQL-path included in the routine execution context of the SQL-session is used to effectively
qualify unqualified <routine name>s that are immediately contained in <routine invocation>s that are
contained in a <preparable statement> or in a <direct SQL statement>.
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4.46 Triggers

4.46.1 General description of triggers

A trigger is a specification for a given action to take place every time a given operation takes place on a
given object. The action, known as a triggered action, is an <SQL procedure statement> or a list of <SQL
procedure statement>s. The object is either a persistent base table or a viewed table, knownas the subject
table of the trigger. The operation, known as a trigger event, is either deletion, insertion, or replacement
of a collection of rows.

The triggered action is specified to take place either immediately before the triggering event, instead of
it, or immediately after it, according to its specified trigger action time, BEFORE, INSTEAD OF, or AFTER.
The trigger is aBEFORE trigger, an INSTEADOF trigger, or anAFTER trigger, according to its trigger action
time.

A trigger is either a delete trigger, an insert trigger, or an update trigger, according to the nature of its
trigger event.

A trigger that is both a delete trigger and an INSTEAD OF trigger is a delete INSTEAD OF trigger. A trigger
that is both an insert trigger and an INSTEAD OF trigger is an insert INSTEAD OF trigger. A trigger that
is both an update trigger and an INSTEAD OF trigger is an update INSTEAD OF trigger.

Every trigger event arises as a consequence of executing some SQL-data change statement. That con-
sequence might be direct, as for example when the SQL-data change statement is an <insert statement>
operating on a base table, or indirect, as for example in the following cases:

— The SQL-data change statement is a <merge statement>.

— The SQL-data change statement operates on the referenced table of some foreign key whose refer-
ential action is CASCADE, SET NULL, or SET DEFAULT.

— The SQL-data change statement operates on a viewed table.

A triggered action is permitted to include SQL-data change statements that give rise to trigger events.

A collection of rows being deleted, inserted or replaced is known as a transition table. For a delete trigger
there is just one transition table, known as an old transition table. For an insert trigger there is just one
transition table, known as a new transition table. For an update trigger there is both an old transition
table (the rows being replaced) and a new transition table (the replacement rows), these two tables
having the same cardinality.

A reference to “the transition table” of a trigger is ambiguous in the case of an update trigger butwhenever
such a reference appears in this document it is immaterial towhich of the two transition tables it applies.

The triggered action can be specified to take place either just once when the trigger event takes place, in
which case the trigger is a statement-level trigger, or once for each row of the transition table when the
trigger event takes place, in which case the trigger is a row-level trigger.

If the triggered action is specified to take place before the event, the trigger is a row-level trigger, and
there is a new transition table, then the action can include statements whose effect is to alter the effect
of the impending operation.

Special variablesmake the data in the transition table(s) available to the triggered action. For a statement-
level trigger the variable is one whose value is a transition table. For a row-level trigger, the variable is
a range variable, known as a transition variable. A transition variable ranges over the rows of a transition
table, each row giving rise to exactly one execution of the triggered action, with the row in question
assigned to the transition variable. A transition variable is either an old transition variable or a new
transition variable, depending on the transition table over whose rows it ranges.
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When there are two transition tables, old and new, each row in the new transition table is one that is
derived by an update operation applied to exactly one row in the old transition table. Thus there is a 1:1
correspondence between the rows of the two tables. However, this correspondence is visible only to a
row-level trigger, each invocation of which is able to access both the old and new transition variables,
the new transition variable representing the result of applying the update operation in question to the
row in the old transition variable.

A trigger is definedby a <trigger definition>, specifying the nameof the trigger, its subject table, its trigger
event, its trigger action time,whether it is statement-level or row-level, names as required for referencing
transition tables or variables, and the triggered action.

A triggered action is a <triggered SQL statement> that is executed (either once for each affected row, in
the case of a row-level trigger, or once for thewhole trigger event in the case of a statement-level trigger)
immediately before, instead of, or immediately after the trigger event takes place. The execution of a
triggered action might cause the triggering of further triggered actions. It does so if it entails execution
of an <SQL procedure statement> whose effect causes the trigger event of some trigger to take place.

A trigger is described by a trigger descriptor. A trigger descriptor includes:

— The name of the trigger.

— The name of the subject table.

— The trigger action time (BEFORE, INSTEAD OF, or AFTER).

— The trigger event (INSERT, DELETE, or UPDATE).

— Whether the trigger is a statement-level trigger or a row-level trigger.

— Any old transition variable name, new transition variable name, old transition table name, or new
transition table name.

— The triggered action.

— The trigger column list (possibly empty) for the trigger event.

— The triggered action column set of the triggered action.

— The timestamp of creation of the trigger.

If the SQL-implementationdoesnot support FeatureT218, “Multiple triggers for the sameevent executed
in the order created”, then the order of execution of a set of triggers is implementation-defined (IS002);
otherwise, the order of execution of a set of triggers is ascending by value of their timestamp of creation
in their descriptors, such that the oldest trigger executes first. If one or more triggers have the same
timestamp value, then their relative order of execution is implementation-defined (IS003).

A triggered action is always executed under the authorization of the owner of the schema that includes
the trigger.

4.46.2 Trigger execution

A statement execution context includes a set of state changes. Within a statement execution context, each
state change is uniquely identified by a trigger event, a subject table, and a column list. The trigger event
can be DELETE, INSERT, or UPDATE.

A state change SC consists of:

— A set of transitions.

— A trigger event.

— A subject table.
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— A column list.

— A set (initially empty) of statement-level triggers considered as executed for SC.

— A set of row-level triggers, each paired with the set of rows in SC for which it is considered as
executed.

What constitutes a transition depends on the trigger event. If the trigger event is DELETE, a transition is
a row in the old transition table. If the trigger event is INSERT, a transition is a row in the new transition
table. If the trigger event is UPDATE, a transition is a row OR in the old transition table paired with a row
NR in the new transition table, such that NR is the row derived by applying a specified update operation
to OR. OR and NR are the old row and the new row, respectively, of the transition.

A statement-level trigger that is considered as executed for a state change SC (in a given statement exe-
cution context) is not subsequently executed for SC.

If a row-level trigger RLT is considered as executed for some row R in SC, then RLT is not subsequently
executed for R.

A (possibly empty) old transition table exists if the trigger event is UPDATE or DELETE. It consists of a
copy of each row that is to be updated in or deleted from the subject table. A (possibly empty) new
transition table exists if the trigger event is UPDATE or INSERT. It consists of a copy of each row that
results from updating a row in the subject table or is to be inserted into the subject table.

A <triggered action>may refer to the old transition table only if an <old transition table name> is specified
for it in the <trigger definition>, and to the new transition table only if a <new transition table name> is
specified for it in the <trigger definition>.

The <triggered action> of a row-level trigger may refer to a range variable ranging over the rows of the
old transition table only if an <old transition variable name> is specified for it in the <trigger definition>.
Similarly, the <triggered action> of a row-level trigger may refer to a range variable ranging over the
rows of the new transition table only if a <new transition variable name> is specified for it in the <trigger
definition>. The scope of a transition variable or transition table name is the <triggered action> of the
<trigger definition> that specifies it, excluding any <SQL schema statement>s that are contained in that
<triggered action>.

When a statement execution context SEC is created, the set of state changes SSC in SEC is empty. Let SCj
be a state change in SSC. Let TE be the trigger event (DELETE, INSERT, or UPDATE) of SCj. Let ST be the
subject table of SCj.

If TE is INSERT or DELETE, then let PSC be a set whose only element is the empty set.

If TE is UPDATE, then:

— Let CL be the list of columns being updated by SSC.

— Let OC be the set of column names identifying the columns in CL.

— Let PSC be the set consisting of the empty set and every subset of the set of column names of ST
that has at least one column that is in OC.

LetPSCNbe thenumber of elements inPSC. A state change SCj, for j varying from1 (one) toPSCN, identified
by TE, ST, and the j-th element in PSC, is added to SSC, provided that SSC does not already contain a state
change corresponding to SCj. Transitions are added to SCj as specified by the General Rules of
Subclause 15.8, “Effect of deleting rows from base tables”, Subclause 15.11, “Effect of inserting tables
into base tables”, and Subclause 15.14, “Effect of replacing rows in base tables”.

When a state change SCj arises in SSC, one or more triggers are activated by SCj. A trigger TR is activated
by SCj if and only if the subject table of TR is the subject table of SCj, the trigger event of TR is the trigger
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event of SCj, and the set of column names listed in the trigger column list of TR is equivalent to the set of
column names listed in SCj.

NOTE102—The trigger column list is included in the descriptor of TR; it is empty if the trigger event is DELETE or INSERT.
The trigger column list is also empty if the trigger event is UPDATE, but the <trigger event> of the <trigger definition> that
defined TR does not specify a <trigger column list>.

For each state change SCj in SEC, the BEFORE triggers activated by SCj are executed before any of their
triggering events take effect.When those triggering events have taken effect, anyAFTER triggers activated
by the state changes of SEC are executed.

The <triggered action> contained in a <trigger definition> for a row-level trigger can refer to columns of
old transition variables and new transition variables. Such references can be specified as <column refer-
ence>s, which can be <target specification>s and <simple target specification>s when they refer to
columns of the new transition variable in the triggered action of a BEFORE row-level trigger.

NOTE 103— By using such <column reference>s as <assignment target>s (see ISO/IEC 9075-4), the triggered action of a
BEFORE trigger is able to cause certain SQL-data change statements to have different effects from those specified in the
statements.

When an execution of the <triggered SQL statement> TSS of a triggered action is not successful, then an
exception condition is raised and the SQL-statement that caused TSS to be executed has no effect on SQL-
data or schemas.

4.47 Client-server operation
This Subclause is modified by Subclause 4.8, “Client-server operation”, in ISO/IEC 9075-3.

When an SQL-agent is active, it is bound in some implementation-defined (IW127) manner to a single
SQL-client. That SQL-client processes the explicit or implicit <SQL connection statement> for the first
call to anexternally-invokedprocedurebyanSQL-agent. TheSQL-client communicateswith, eitherdirectly
or possibly through other agents such as RDA, one ormore SQL-servers. RDA is defined in ISO/IEC 9579.
An SQL-session involves an SQL-agent, an SQL-client, and a single SQL-server.

SQL-clientmodules associatedwith the SQL-agent exist in the SQL-environment containing the SQL-client
associated with the SQL-agent.

Called <externally-invoked procedure>s and <direct SQL statement>s containing an <SQL connection
statement> or an <SQL diagnostics statement> are processed by the SQL-client. Following the successful
execution of a <connect statement> or a <set connection statement>, the SQL-client modules associated
with the SQL-agent are effectivelymaterializedwith an implementation-dependent (UV069) <SQL-client
module name> in the SQL-server. Other called <externally-invoked procedure>s and <direct SQL state-
ment>s are processed by the SQL-server.

03A call by the SQL-agent to an <externally-invoked procedure> whose <SQL procedure statement>
simply contains an <SQL diagnostics statement> fetches information from the specified diagnostics area
in the diagnostics area stack associatedwith the SQL-client. Following the execution of an <SQLprocedure
statement>by an SQL-server, diagnostic information is passed in an implementation-dependent (UW010)
manner into the SQL-agent’s diagnostics area stack in the SQL-client. The effect ondiagnostic information
of incompatibilities between the character repertoires supported by the SQL-client and SQL-server is
implementation-dependent (UA051).

4.48 JSON data handling in SQL

4.48.1 Introduction

JSON (an acronym for “JavaScript Object Notation”) is both a notation (that is, a syntax) for representing
data and a[n implied] data model. JSON is not an object-oriented data model in the classic sense; that is,
it does not define sets of classes andmethods, type inheritance, or data abstraction. Instead, JSON “objects”
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are simple data structures, including arrays. Some sources say that JSON is a serialization of structured
data. Its initial intended use was as a data transfer syntax. The syntax of JSON is specified very concisely
in RFC 8259.

The first-class components of the JSON data model are JSON values. A JSON value is one of the following:
JSON object, JSON array, JSON string, JSON number, or one of the JSON literals: true, false, and null. A
JSON object is zero or more name-value pairs and is enclosed in curly braces— {...}. A JSON array is an
ordered sequence of zero or more values and is enclosed in square brackets — [...].

In a JSON object, the name-value pairs are separated by commas, and the names are separated from the
values by colons. The names are always strings and are enclosed in (double) quotation marks. In a JSON
array, the values are also separated by commas. The values in both JSON objects and JSON arrays may
be JSON strings, JSON numbers, JSON Booleans (represented by the JSON literals true and false), JSON
nulls (represented by the JSON literal null), JSON objects, or JSON arrays. JSON arrays and JSON objects
are fully nestable. That is, any JSONvalue is permitted to be an “atomic” value (a string, number, or literal),
a JSON object, or a JSON array.

JSON is sometimes used to represent associative arrays—arrays whose elements are addressed by
content, not by position. An associative array canbe represented in JSONas a JSONobjectwhosemembers
are name-value pairs; the name is used as the “index” into the “array”— that is, to locate the appropriate
member in the JSON object — and the value is used as the content of the appropriate member.

Part of JSON’s design is that it is inherently schema-less. Any JSON object can bemodified by adding new
name-value pairs, even with names that were never considered when the object was initially created or
designed. Similarly, any JSON array can be modified by changing the number of values in the array. One
consequence of JSON’s schema-less nature is that it is not possible to determine the validity of JSON data,
except by application programs. However, a JSON processing system can determine by direct inspection
whether or not a given bit of JSON data is well-formed (that is, whether it obeys the syntax defined in
RFC 8259).

NOTE 104— In the context of SQL, JSON objects and JSON arrays cannot be modified in situ. Instead, new JSON objects or
JSON arrays are constructed that strongly resemble an existing JSON object or JSON array and then used to replace the
existing JSON object or JSON array.

NOTE 105— For most SQL/JSON functions, JSON data that acts either as an argument or as the result can be represented
as character strings or binary strings.

4.48.2 Implied JSON data model

The implied JSON data model comprises JSON text and certain kinds of values represented as JSON text
fragments.

NOTE 106— RFC 8259 specifies the syntax used by JSON to represent data, and implies a data model derived from that
syntax. However, that implied datamodel is insufficiently complete or precise to form the basis for standardization of JSON
use in an SQL-environment. Consequently, this document specifies an SQL/JSON data model.

The components of the implied JSON data model are:

— A JSON text is a character string or binary string that conforms to the definition of “JSON-text” in
RFC 8259.

— A JSON text fragment is a substring of a JSON text that conforms to any BNF non-terminal in RFC
8259.

— A JSON literal is a JSON text fragment that is any of the key words true, false, or null.

— A JSON member is a JSON text fragment that conforms to the definition of member in RFC 8259,
section 4, “Objects”. IfM is a JSON member, thenMmatches the BNF production

member = string name-separator value

The key ofM is the JSON fragment matching string in this production, and the bound value ofM
is the JSON fragment matching value in this production.
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— A JSON object is a JSON text fragment that conforms to the definition of object in RFC 8259, section
4, “Objects”.

— A JSON array is a JSON text fragment that conforms to the definition of array in RFC 8259, section
5, “Arrays”.

— A JSONnumber is a JSON text fragment that conforms to the definitionof number in RFC8259, section
6, “Numbers”.

— A JSON string is a JSON text fragment that conforms to the definition of string in RFC 8259, section
7, “Strings”.

— The value of a JSON string is theUnicode character string enclosed in the delimiting <double quote>s
of a JSON string.

NOTE 107—Within JSON strings, certain characters are represented using an “escaped notation” that comprises a
<reverse solidus> followed by the desired character. For example, a <double quote> in a JSON string is represented
by the sequence <reverse solidus><double quote> (\"). (The complete list of Unicode characters that can be repre-
sented in a JSON string only by such an escape sequence is: ", \, /, backspace, form feed, line feed, carriage return,
and tab; in addition, arbitraryUnicode characters can be included by using “\u” followed by four hexadecimal digits.)
The value of a JSON string is determined after replacing all such escaped sequences with their equivalent Unicode
values.

NOTE 108— The implied JSON data model is specified in terms of the Unicode character strings that contain JSON
text. The facilities specified in this document do not utilize the implied JSON data model except when parsing JSON
text into the SQL/JSON data model or when serializing values of the SQL/JSON data model into JSON text.

— A JSON value is a JSON object, JSON array, JSON number, JSON string, or one of three JSON literals.

4.48.3 SQL/JSON data model

The SQL/JSON data model comprises SQL/JSON items and SQL/JSON sequences. The components of the
SQL/JSON data model are:

— An SQL/JSON item is defined recursively as any of the following:

• An SQL/JSON scalar, defined as a non-null value of any of the following predefined (SQL) types:
character string with character set Unicode, numeric, Boolean, or datetime.

• An SQL/JSON null, defined as a value that is distinct from any value of any SQL type.
NOTE 109— An SQL/JSON null is distinct from the SQL null value.

• An SQL/JSON array, defined as an ordered list of zero or more SQL/JSON items, called the
SQL/JSON elements of the SQL/JSON array.

• An SQL/JSON object, defined as an unordered collection of zero or more SQL/JSONmembers,
where an SQL/JSONmember is a pair whose first value is a character string with character set
Unicodeandwhose secondvalue is an SQL/JSON item. Thefirst value of an SQL/JSONmember
is called the key and the second value is called the bound value.

— An SQL/JSON sequence is an ordered list of zero or more SQL/JSON items.

The maximum number of SQL/JSON elements in an SQL/JSON array is implementation-defined (IL039).

Themaximumnumber of SQL/JSONmembers in an SQL/JSONobject is implementation-defined (IL039).

The maximum length of the key in an SQL/JSONmember is implementation-defined (IL040).

If the declared type of an SQL/JSON element or of the key of an SQL/JSONmember is a string type, the
maximum length is implementation-defined (IL041).

TwoSQL/JSON items are equality-comparable if one of them is the SQL/JSONnull, or if both are SQL/JSON
scalars whose SQL types are comparable and acceptable as operands of an equality operation according
to the Syntax Rules of Subclause 9.11, “Equality operations”.
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Two SQL/JSON items are order-comparable if one of them is an SQL/JSON null, or if both are SQL/JSON
scalars whose SQL types are comparable and acceptable as operands of an ordering operation according
to the Syntax Rules of Subclause 9.14, “Ordering operations”.

Two SQL/JSON items SJI1 and SJI2 are said to be equivalent, defined recursively as follows:

— If SJI1 and SJI2 are non-null values of a predefined type and are equal, then SJI1 and SJI2 are equi-
valent.

— If SJI1 and SJI2 are the SQL/JSON null, then SJI1 and SJI2 are equivalent.

— If SJI1 and SJI2 are SQL/JSON arrays, then SJI1 and SJI2 are equivalent if they are of the same length,
and corresponding elements of SJI1 and SJI2 are equivalent.

NOTE 110— “Corresponding elements” in two arrays are elements that have the same index position in both arrays.

— If SJI1 and SJI2 are SQL/JSONobjects, then SJI1 and SJI2 are equivalent if they have the samenumber
of members and there exists a bijection B from SJI1 to SJI2mapping each SQL/JSONmemberM of
SJI1 to an SQL/JSONmember B(M) of SJI2 such that the key and bound value ofM are equivalent to
the key and bound value of B(M) of SJI2, respectively, for all membersM of SJI1.

Thekeys of twoSQL/JSONmembers of an SQL/JSONobject are equivalent if (after converting any escaped
characters to their equivalents) they have the same number of Unicode code points and all pairs of cor-
responding code points are equal.

NOTE 111— RFC 8259, section 4, “Objects” says “The names within an object SHOULD be unique”. Thus, non-unique keys
are permitted, but not advised. The WITH UNIQUE KEYS clause in the <JSON predicate> provides a check for uniqueness.

4.48.4 SQL/JSON functions

All manipulation (e.g., retrieval, creation, testing) of SQL/JSON items is performed through a number of
SQL/JSON functions,which canbe categorizedas SQL/JSONretrieval functions andSQL/JSONconstruction
functions. The SQL/JSON retrieval functions are characterized by operating on SQL/JSON data and
returning an SQL value other than an SQL/JSON value(possibly a Boolean value) or an SQL/JSON value.
The SQL/JSON construction functions return SQL/JSON data created from operations on SQL data or
other SQL/JSON data.

The SQL/JSON retrieval functions are:

— <JSON value function>.

— <JSON query>.

— <JSON simplified accessor>.

— <JSON table>.

— <JSON predicate>.

— <JSON exists predicate>.

— <JSON serialize>.

The SQL/JSON construction functions are:

— <JSON parse>.

— <JSON object constructor>.

— <JSON array constructor>.

— <JSON scalar>.

— <JSON object aggregate constructor>.
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— <JSON array aggregate constructor>.

A JSON-returning function is an SQL/JSON construction function, JSON_QUERY, or any other <value
expression> whose declared type is JSON.

4.48.5 Overview of SQL/JSON path language

The SQL/JSON path language is a query language used by certain SQL operators (JSON_VALUE,
JSON_QUERY, JSON_TABLE, and JSON_EXISTS, collectively known as the SQL/JSON query operators) to
query JSON text. The SQL/JSON path language is not, strictly speaking, SQL, though it is embedded in
these operatorswithin SQL. Lexically and syntactically, the SQL/JSONpath language adoptsmany features
ofECMAScript LanguageSpecification5.1Edition, though it is neither a subsetnor a superset ofECMAScript
Language Specification 5.1 Edition. The semantics of the SQL/JSON path language are primarily SQL
semantics.

The SQL/JSON path language is used by the SQL/JSON query operators in the architecture shown in
Figure 6, “Architecture of SQL/JSON path language usage”.

SQL/JSON
Query Operator

(JSON_VALUE,
JSON_QUERY,
JSON_TABLE,
JSON_EXISTS)

Path Engine

Context Item
Path Specification
PASSING clause

ON ERROR clause
Other Inputs

Completion Condition
Output

Context Item
Path Specification
PASSING clause

Completion Condition
SQL/JSON Sequence

Figure 6— Architecture of SQL/JSON path language usage

The SQL/JSON query operators share the same first three lines in the diagram, which are expressed
syntactically in the <JSON API common syntax> that is used by all SQL/JSON query operators. This
framework provides the following inputs to an SQL/JSON query operator:

— A context item (the JSON text to be queried).

— A path specification (the query to perform on the context item; this query is expressed in the
SQL/JSON path language specified in Subclause 9.45, “SQL/JSON path language: lexical elements”,
and in the Format and Syntax Rules of Subclause 9.46, “SQL/JSON path language: syntax and
semantics”.

— A PASSING clause (SQL values to be assigned to variables in the path specification, for example, as
values used in predicates within the path specification).

The SQL/JSON operators effectively pass these inputs to a “path engine” that evaluates the path specifi-
cation, using the context item and the PASSING clause to specify the value of variables in the path specifi-
cation. The effective behavior of the path engine is specified in the General Rules of Subclause 9.46,
“SQL/JSON path language: syntax and semantics”.

The result of evaluating apath specificationona context itemandPASSINGclause is a completion condition,
and, if the completion condition is successful completion (00000), an SQL/JSON sequence. The SQL/JSON
query operators, in their General Rules, use the completion code and SQL/JSON sequence to complete
the specific computation specified via the particular SQL/JSON query operator.

Errors can occur at the following junctures in this architecture:
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— An error can occur when converting an input. For example, if the context item does not parse as
JSON text, then that is an input conversion error.

— Anerror canoccurwhile processing an SQL/JSONpath expression. This categoryof errors is further
subdivided as follows:

• A structural error occurswhenan SQL/JSONpath expression attempts to access a non-existent
element of an SQL/JSON array or a non-existent member of a JSON object.

• A non-structural error is any other error during evaluation of an SQL/JSON path expression;
for example, divide by zero.

— An error can occur when converting an output.

The SQL operators JSON_VALUE, JSON_QUERY, JSON_TABLE, and JSON_EXISTS provide the following
mechanisms to handle these errors:

— The SQL/JSON path language traps any errors that occur during the evaluation of a <JSON filter
expression>. Depending on the precise <JSON path predicate> contained in the <JSON filter
expression>, the result may be Unknown, True, or False, depending on the outcome of non-error
tests evaluated in the <JSON path predicate>.

— TheSQL/JSONpath languagehas twomodes, strict and lax,whichgovern structural errors, as follows:

• In lax mode:

— If an operation requires an SQL/JSON array but the operand is not an SQL/JSON array,
then the operand is first “wrapped” in an SQL/JSON array prior to performing the
operation.

— If an operation requires something other than an SQL/JSON array, but the operand is
an SQL/JSON array, then the operand is “unwrapped” by converting its elements into
an SQL/JSON sequence prior to performing the operation.

— After applying the preceding resolutions to structural errors, if there is still a structural
error, the result is an empty SQL/JSON sequence.

• In strict mode, if the structural error occurs within a <JSON filter expression>, then the error
handling of <JSON filter expression> applies. Otherwise, a structural error is an unhandled
error.

— Non-structural errors outside of a <JSON path predicate> are always unhandled errors, resulting
in an exception condition returned from the path engine to the SQL/JSON query operator.

— The SQL/JSON query operators provide an ON ERROR clause to specify the behavior in case of an
input conversion error, an unhandled structural error, an unhandled non-structural error, or an
output conversion error.
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5 Lexical elements

This Clause is modified by Clause 5, “Lexical elements”, in ISO/IEC 9075-3.
This Clause is modified by Clause 5, “Lexical elements”, in ISO/IEC 9075-4.
This Clause is modified by Clause 5, “Lexical elements”, in ISO/IEC 9075-9.
This Clause is modified by Clause 5, “Lexical elements”, in ISO/IEC 9075-10.
This Clause is modified by Clause 5, “Lexical elements”, in ISO/IEC 9075-11.
This Clause is modified by Clause 5, “Lexical elements”, in ISO/IEC 9075-13.
This Clause is modified by Clause 5, “Lexical elements”, in ISO/IEC 9075-14.
This Clause is modified by Clause 5, “Lexical elements”, in ISO/IEC 9075-15.
This Clause is modified by Clause 5, “Lexical elements”, in ISO/IEC 9075-16.

5.1 <SQL terminal character>
This Subclause is modified by Subclause 5.1, “<SQL terminal character>”, in ISO/IEC 9075-10.
This Subclause is modified by Subclause 5.1, “<SQL terminal character>”, in ISO/IEC 9075-16.

Function

Define the terminal symbols of the SQL language and the elements of strings.

Format
<SQL terminal character> ::=
<SQL language character>

<SQL language character> ::=
<simple Latin letter>

| <digit>
| <SQL special character>

<simple Latin letter> ::=
<simple Latin upper-case letter>

| <simple Latin lower-case letter>

<simple Latin upper-case letter> ::=
 A | B | C | D | E | F | G | H | I | J | K | L | M | N | O

| P | Q | R | S | T | U | V | W | X | Y | Z

<simple Latin lower-case letter> ::=
 a | b | c | d | e | f | g | h | i | j | k | l | m | n | o

| p | q | r | s | t | u | v | w | x | y | z

<digit> ::=
 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9

10  16 <SQL special character> ::=
<space>

| <double quote>
| <percent>
| <ampersand>
| <quote>
| <left paren>
| <right paren>
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| <asterisk>
| <plus sign>
| <comma>
| <minus sign>
| <period>
| <solidus>
| <colon>
| <semicolon>
| <left angle bracket>
| <equals operator>
| <right angle bracket>
| <question mark>
| <left bracket>
| <right bracket>
| <circumflex>
| <underscore>
| <vertical bar>
| <left brace>
| <right brace>
| <dollar sign>
| <apostrophe>

<space> ::=
!! See the Syntax Rules.

<double quote> ::=
" !! U+0022

<percent> ::=
% !! U+0025

<ampersand> ::=
& !! U+0026

<quote> ::=
' !! U+0027

<left paren> ::=
( !! U+0028

<right paren> ::=
) !! U+0029

<asterisk> ::=
* !! U+002A

<plus sign> ::=
+ !! U+002B

<comma> ::=
, !! U+002C

<minus sign> ::=
- !! U+002D

<period> ::=
. !! U+002E

<solidus> ::=
/ !! U+002F

<reverse solidus> ::=
\ !! U+005C
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<colon> ::=
: !! U+003A

<semicolon> ::=
; !! U+003B

<left angle bracket> ::=
< !! U+003C

<equals operator> ::=
= !! U+003D

<right angle bracket> ::=
> !! U+003E

<question mark> ::=
? !! U+003F

<left bracket or trigraph> ::=
<left bracket>

| <left bracket trigraph>

<right bracket or trigraph> ::=
<right bracket>

| <right bracket trigraph>

<left bracket> ::=
[ !! U+005B

<left bracket trigraph> ::=
??( !! <U+003F, U+003F, U+0028>

<right bracket> ::=
] !! U+005D

<right bracket trigraph> ::=
??) !! <U+003F, U+003F, U+0029>

<circumflex> ::=
^ !! U+005E

<underscore> ::=
_ !! U+005F

<vertical bar> ::=
| !! U+007C

<left brace> ::=
{ !! U+007B

<right brace> ::=
} !! U+007D

<dollar sign> ::=
$ !! U+0024

<apostrophe> ::=
' !! U+0027

Syntax Rules

1) 10Every character set shall contain a <space> character that is equivalent to U+0020.
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Access Rules

None.

General Rules

1) There is a one-to-one correspondence between the symbols contained in <simple Latin upper-case
letter> and the symbols contained in <simple Latin lower-case letter> such that, for all i, the symbol
defined as the i-th alternative for <simple Latin upper-case letter> corresponds to the symbol
defined as the i-th alternative for <simple Latin lower-case letter>.

Conformance Rules

None.
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5.2 <token> and <separator>
This Subclause is modified by Subclause 5.1, “<token> and <separator>”, in ISO/IEC 9075-3.
This Subclause is modified by Subclause 5.1, “<token> and <separator>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 5.1, “<token> and <separator>”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 5.2, “<token> and <separator>”, in ISO/IEC 9075-10.
This Subclause is modified by Subclause 5.1, “<token> and <separator>”, in ISO/IEC 9075-11.
This Subclause is modified by Subclause 5.1, “<token> and <separator>”, in ISO/IEC 9075-13.
This Subclause is modified by Subclause 5.1, “<token> and <separator>”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 5.1, “<token> and <separator>”, in ISO/IEC 9075-15.
This Subclause is modified by Subclause 5.2, “<token> and <separator>”, in ISO/IEC 9075-16.

Function

Specify lexical units (tokens and separators) that participate in SQL language.

Format
<token> ::=

<non-delimiter token>
| <delimiter token>

<non-delimiter token> ::=
<regular identifier>

| <key word>
| <unsigned numeric literal>
| <national character string literal>
| <binary string literal>
| <large object length token>
| <Unicode delimited identifier>
| <Unicode character string literal>
| <SQL language identifier>

<regular identifier> ::=
<identifier body>

<identifier body> ::=
<identifier start> [ <identifier part>... ]

<identifier part> ::=
<identifier start>

| <identifier extend>

<identifier start> ::=
!! See the Syntax Rules.

<identifier extend> ::=
!! See the Syntax Rules.

<large object length token> ::=
<digit>... <multiplier>

<multiplier> ::=
K

| M
| G
| T
| P

<delimited identifier> ::=
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<double quote> <delimited identifier body> <double quote>

<delimited identifier body> ::=
<delimited identifier part>...

<delimited identifier part> ::=
<non-double quote character>

| <double quote symbol>

<Unicode delimited identifier> ::=
U <ampersand> <double quote> <Unicode delimiter body> <double quote>

<Unicode escape specifier>

<Unicode escape specifier> ::=
[ UESCAPE <quote> <Unicode escape character> <quote> ]

<Unicode delimiter body> ::=
<Unicode identifier part>...

<Unicode identifier part> ::=
<delimited identifier part>

| <Unicode escape value>

<Unicode escape value> ::=
<Unicode 4 digit escape value>

| <Unicode 6 digit escape value>
| <Unicode character escape value>

<Unicode 4 digit escape value> ::=
<Unicode escape character> <hexit> <hexit> <hexit> <hexit>

<Unicode 6 digit escape value> ::=
<Unicode escape character> <plus sign>

<hexit> <hexit> <hexit> <hexit> <hexit> <hexit>

<Unicode character escape value> ::=
<Unicode escape character> <Unicode escape character>

<Unicode escape character> ::=
!! See the Syntax Rules.

<non-double quote character> ::=
!! See the Syntax Rules.

<double quote symbol> ::=
"" !! <U+0022, U+0022>

16 <delimiter token> ::=
<character string literal>

| <date string>
| <time string>
| <timestamp string>
| <interval string>
| <delimited identifier>
| <SQL special character>
| <not equals operator>
| <less than operator>
| <greater than operator>
| <greater than or equals operator>
| <less than or equals operator>
| <concatenation operator>
| <right arrow>
| <left bracket trigraph>
| <right bracket trigraph>
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| <double colon>
| <double period>
| <named argument assignment token>
| <left brace minus>
| <right minus brace>
| <left brace backslash>
| <right backslash brace>

<not equals operator> ::=
<> !! <U+003C, U+003E>

<less than operator> ::=
<left angle bracket>

<greater than operator> ::=
<right angle bracket>

<greater than or equals operator> ::=
>= !! <U+003E, U+003D>

<less than or equals operator> ::=
<= !! <U+003C, U+003D>

<concatenation operator> ::=
|| !! <U+007C, U+007C>

<right arrow> ::=
-> !! <U+002D, U+003E>

<double colon> ::=
:: !! <U+003A, U+003A>

<double period> ::=
.. !! <U+002E, U+002E>

<named argument assignment token> ::=
=> !! <U+003D, U+003E>

<left brace minus> ::=
{- !! <U+007B, U+002D>

<right minus brace> ::=
-} !! <U+002D, U+007D>

<left brace backslash> ::=
{\ !! <U+007B, U+005C>

<right backslash brace> ::=
\} !! <U+005C, U+007D>

<separator> ::=
{ <comment> | <whitespace> }...

<whitespace> ::=
!! See the Syntax Rules.

<truncating whitespace> ::=
!! See the Syntax Rules.

10 <comment> ::=
<simple comment>

| <bracketed comment>

<simple comment> ::=
<simple comment introducer> [ <comment character>... ] <newline>
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<simple comment introducer> ::=
<minus sign> <minus sign>

<bracketed comment> ::=
<bracketed comment introducer>
[ <bracketed comment contents> ]
<bracketed comment terminator>

<bracketed comment introducer> ::=
/* !! <U+002F, U+002A>

<bracketed comment terminator> ::=
*/ !! <U+002A, U+002F>

<bracketed comment contents> ::=
{ <comment character> | <separator> }...!! See the Syntax Rules.

<comment character> ::=
<non-quote character>

| <quote>

<newline> ::=
!! See the Syntax Rules.

<key word> ::=
<reserved word>

| <non-reserved word>

03  04  09  10  11  13  14  15  16 <reserved word> ::=
ABS | ABSENT | ACOS | ALL | ALLOCATE | ALTER | AND | ANY | ANY_VALUE | ARE | ARRAY

| ARRAY_AGG | ARRAY_MAX_CARDINALITY | AS | ASENSITIVE | ASIN | ASYMMETRIC | AT | ATAN
| ATOMIC | AUTHORIZATION | AVG

| BEGIN | BEGIN_FRAME | BEGIN_PARTITION | BETWEEN | BIGINT | BINARY
| BLOB | BOOLEAN | BOTH | BTRIM | BY

| CALL | CALLED | CARDINALITY | CASCADED | CASE | CAST | CEIL | CEILING
| CHAR | CHAR_LENGTH | CHARACTER | CHARACTER_LENGTH | CHECK | CLASSIFIER | CLOB
| CLOSE | COALESCE | COLLATE | COLLECT | COLUMN | COMMIT | CONDITION | CONNECT
| CONSTRAINT | CONTAINS | CONVERT | COPY | CORR | CORRESPONDING | COS | COSH
| COUNT | COVAR_POP | COVAR_SAMP | CREATE | CROSS | CUBE | CUME_DIST | CURRENT
| CURRENT_CATALOG | CURRENT_DATE | CURRENT_DEFAULT_TRANSFORM_GROUP
| CURRENT_PATH | CURRENT_ROLE | CURRENT_ROW | CURRENT_SCHEMA | CURRENT_TIME
| CURRENT_TIMESTAMP | CURRENT_TRANSFORM_GROUP_FOR_TYPE | CURRENT_USER | CURSOR | CYCLE

| DATE | DAY | DEALLOCATE | DEC | DECFLOAT | DECIMAL | DECLARE | DEFAULT | DEFINE
| DELETE | DENSE_RANK | DEREF | DESCRIBE | DETERMINISTIC | DISCONNECT | DISTINCT
| DOUBLE | DROP | DYNAMIC

| EACH | ELEMENT | ELSE | EMPTY | END | END_FRAME | END_PARTITION | END-EXEC
| EQUALS | ESCAPE | EVERY | EXCEPT | EXEC | EXECUTE | EXISTS | EXP
| EXTERNAL | EXTRACT

| FALSE | FETCH | FILTER | FIRST_VALUE | FLOAT | FLOOR | FOR | FOREIGN
| FRAME_ROW | FREE | FROM | FULL | FUNCTION | FUSION

| GET | GLOBAL | GRANT | GREATEST | GROUP | GROUPING | GROUPS

| HAVING | HOLD | HOUR

| IDENTITY | IN | INDICATOR | INITIAL | INNER | INOUT | INSENSITIVE | INSERT
| INT | INTEGER | INTERSECT | INTERSECTION | INTERVAL | INTO | IS

| JOIN | JSON | JSON_ARRAY | JSON_ARRAYAGG | JSON_EXISTS | JSON_OBJECT
| JSON_OBJECTAGG | JSON_QUERY | JSON_SCALAR | JSON_SERIALIZE | JSON_TABLE
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| JSON_TABLE_PRIMITIVE | JSON_VALUE

| LAG | LANGUAGE | LARGE | LAST_VALUE | LATERAL | LEAD | LEADING | LEAST | LEFT | LIKE
| LIKE_REGEX | LISTAGG | LN | LOCAL | LOCALTIME | LOCALTIMESTAMP | LOG | LOG10 | LOWER
| LPAD | LTRIM

| MATCH | MATCH_NUMBER | MATCH_RECOGNIZE | MATCHES | MAX | MEMBER
| MERGE | METHOD | MIN | MINUTE | MOD | MODIFIES | MODULE | MONTH | MULTISET

| NATIONAL | NATURAL | NCHAR | NCLOB | NEW | NO | NONE | NORMALIZE | NOT
| NTH_VALUE | NTILE | NULL | NULLIF | NUMERIC

| OCCURRENCES_REGEX | OCTET_LENGTH | OF | OFFSET | OLD | OMIT | ON | ONE
| ONLY | OPEN | OR | ORDER | OUT | OUTER | OVER | OVERLAPS | OVERLAY

| PARAMETER | PARTITION | PATTERN | PER | PERCENT | PERCENT_RANK
| PERCENTILE_CONT | PERCENTILE_DISC | PERIOD | PORTION | POSITION | POSITION_REGEX
| POWER | PRECEDES | PRECISION | PREPARE | PRIMARY | PROCEDURE | PTF

| RANGE | RANK | READS | REAL | RECURSIVE | REF | REFERENCES | REFERENCING
| REGR_AVGX | REGR_AVGY | REGR_COUNT | REGR_INTERCEPT | REGR_R2 | REGR_SLOPE
| REGR_SXX | REGR_SXY | REGR_SYY | RELEASE | RESULT | RETURN | RETURNS
| REVOKE | RIGHT | ROLLBACK | ROLLUP | ROW | ROW_NUMBER | ROWS
| RPAD | RTRIM | RUNNING

| SAVEPOINT | SCOPE | SCROLL | SEARCH | SECOND | SEEK | SELECT | SENSITIVE
| SESSION_USER | SET | SHOW | SIMILAR | SIN | SINH | SKIP | SMALLINT | SOME | SPECIFIC
| SPECIFICTYPE | SQL | SQLEXCEPTION | SQLSTATE | SQLWARNING | SQRT | START
| STATIC | STDDEV_POP | STDDEV_SAMP | SUBMULTISET | SUBSET | SUBSTRING
| SUBSTRING_REGEX | SUCCEEDS | SUM | SYMMETRIC | SYSTEM | SYSTEM_TIME
| SYSTEM_USER

| TABLE | TABLESAMPLE | TAN | TANH | THEN | TIME | TIMESTAMP | TIMEZONE_HOUR
| TIMEZONE_MINUTE | TO | TRAILING | TRANSLATE | TRANSLATE_REGEX | TRANSLATION | TREAT
| TRIGGER | TRIM | TRIM_ARRAY | TRUE | TRUNCATE

| UESCAPE | UNION | UNIQUE | UNKNOWN | UNNEST | UPDATE | UPPER | USER | USING

| VALUE | VALUES | VALUE_OF | VAR_POP | VAR_SAMP | VARBINARY
| VARCHAR | VARYING | VERSIONING

| WHEN | WHENEVER | WHERE | WIDTH_BUCKET | WINDOW | WITH | WITHIN | WITHOUT

| YEAR

03  04  09  10  11  13  14  15  16 <non-reserved word> ::=
A | ABSOLUTE | ACTION | ADA | ADD | ADMIN | AFTER | ALWAYS | ASC

| ASSERTION | ASSIGNMENT | ATTRIBUTE | ATTRIBUTES

| BEFORE | BERNOULLI | BREADTH

| C | CASCADE | CATALOG | CATALOG_NAME | CHAIN | CHAINING | CHARACTER_SET_CATALOG
| CHARACTER_SET_NAME | CHARACTER_SET_SCHEMA | CHARACTERISTICS | CHARACTERS
| CLASS_ORIGIN | COBOL | COLLATION | COLLATION_CATALOG | COLLATION_NAME | COLLATION_SCHEMA
| COLUMNS | COLUMN_NAME | COMMAND_FUNCTION | COMMAND_FUNCTION_CODE | COMMITTED
| CONDITIONAL | CONDITION_NUMBER | CONNECTION | CONNECTION_NAME | CONSTRAINT_CATALOG
| CONSTRAINT_NAME | CONSTRAINT_SCHEMA | CONSTRAINTS | CONSTRUCTOR
| CONTINUE | COPARTITION | CURSOR_NAME

| DATA | DATETIME_INTERVAL_CODE | DATETIME_INTERVAL_PRECISION | DEFAULTS | DEFERRABLE
| DEFERRED | DEFINED | DEFINER | DEGREE | DEPTH | DERIVED | DESC | DESCRIPTOR
| DIAGNOSTICS | DISPATCH | DOMAIN | DYNAMIC_FUNCTION | DYNAMIC_FUNCTION_CODE

| ENCODING | ENFORCED | ERROR | EXCLUDE | EXCLUDING | EXPRESSION
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| FINAL | FINISH | FIRST | FLAG | FOLLOWING | FORMAT | FORTRAN | FOUND | FULFILL

| G | GENERAL | GENERATED | GO | GOTO | GRANTED

| HIERARCHY

| IGNORE | IMMEDIATE | IMMEDIATELY | IMPLEMENTATION | INCLUDING | INCREMENT | INITIALLY
| INPUT | INSTANCE | INSTANTIABLE | INSTEAD | INVOKER | ISOLATION

| K | KEEP | KEY | KEYS | KEY_MEMBER | KEY_TYPE

| LAST | LENGTH | LEVEL | LOCATOR

| M | MAP | MATCHED | MAXVALUE | MEASURES | MESSAGE_LENGTH | MESSAGE_OCTET_LENGTH
| MESSAGE_TEXT | MINVALUE | MORE | MUMPS

| NAME | NAMES | NESTED | NESTING | NEXT | NFC | NFD | NFKC | NFKD
| NORMALIZED | NULL_ORDERING | NULLABLE | NULLS | NUMBER

| OBJECT | OCCURRENCE | OCTETS | OPTION | OPTIONS | ORDERING | ORDINALITY | OTHERS
| OUTPUT | OVERFLOW | OVERRIDING

| P | PAD | PARAMETER_MODE | PARAMETER_NAME | PARAMETER_ORDINAL_POSITION
| PARAMETER_SPECIFIC_CATALOG | PARAMETER_SPECIFIC_NAME | PARAMETER_SPECIFIC_SCHEMA
| PARTIAL | PASCAL | PASS | PASSING | PAST | PATH | PERMUTE | PIPE | PLACING | PLAN
| PLI | PRECEDING | PRESERVE | PREV | PRIOR | PRIVATE | PRIVILEGES | PRUNE | PUBLIC

| QUOTES

| READ | RELATIVE | REPEATABLE | RESPECT | RESTART | RESTRICT | RETURNED_CARDINALITY
| RETURNED_LENGTH | RETURNED_OCTET_LENGTH | RETURNED_SQLSTATE | RETURNING
| ROLE | ROUTINE | ROUTINE_CATALOG | ROUTINE_NAME | ROUTINE_SCHEMA | ROW_COUNT

| SCALAR | SCALE | SCHEMA | SCHEMA_NAME | SCOPE_CATALOG | SCOPE_NAME
| SCOPE_SCHEMA | SECTION | SECURITY | SELF | SEMANTICS | SEQUENCE | SERIALIZABLE
| SERVER_NAME | SESSION | SETS | SIMPLE | SIZE | SORT_DIRECTION | SOURCE | SPACE
| SPECIFIC_NAME | STATE | STATEMENT | STRING | STRUCTURE | STYLE | SUBCLASS_ORIGIN

| T | TABLE_NAME | TEMPORARY | THROUGH | TIES | TOP_LEVEL_COUNT | TRANSACTION
| TRANSACTION_ACTIVE | TRANSACTIONS_COMMITTED | TRANSACTIONS_ROLLED_BACK
| TRANSFORM | TRANSFORMS | TRIGGER_CATALOG | TRIGGER_NAME | TRIGGER_SCHEMA | TYPE

| UNBOUNDED | UNCOMMITTED | UNCONDITIONAL | UNDER | UNMATCHED | UNNAMED | USAGE
| USER_DEFINED_TYPE_CATALOG | USER_DEFINED_TYPE_CODE | USER_DEFINED_TYPE_NAME
| USER_DEFINED_TYPE_SCHEMA | UTF16 | UTF32 | UTF8

| VIEW

| WORK | WRAPPER | WRITE

| ZONE

Syntax Rules

1) An <identifier start> is any character in the Unicode General Category classes “Lu”, “Ll”, “Lt”, “Lm”,
“Lo”, or “Nl”.

NOTE 112— The Unicode General Category classes “Lu”, “Ll”, “Lt”, “Lm”, “Lo”, and “Nl” are assigned to Unicode
characters that are, respectively, upper-case letters, lower-case letters, title-case letters,modifier letters, other letters,
and letter numbers.

2) An <identifier extend> is U+00B7, “Middle Dot”, or any character in the Unicode General Category
classes “Mn”, “Mc”, “Nd”, or “Pc”.
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NOTE 113— The Unicode General Category classes “Mn”, “Mc”, “Nd”, and “Pc”, are assigned to Unicode characters
that are, respectively, non-spacingmarks, spacing combiningmarks, decimal numbers, and connector punctuations.

3) <whitespace> is any consecutive sequence of characters each of which satisfies the definition of
whitespace found in Clause 3, “Terms and definitions”.

4) <truncating whitespace> is an implementation-defined (IV074) subset of the characters included
in <whitespace>; the subset shall always include at least <space>.

NOTE 114—Since the Unicode definition ofWhite_Space is subject to the addition of new characters, this definition
prevents an existing conforming SQL-implementation from beingmade non-conforming by such a change. However,
SQL-implementations are expected to align themselves with the most recent Unicode definition in a timely manner.

5) <newline> is the implementation-defined (IV075) end-of-line indicator.
NOTE 115— <newline> is typically represented by U+000A (“Line Feed”) and/or U+000D (“Carriage Return”);
however, this representation is not required by the ISO/IEC 9075 series.

6) With theexceptionof the<space>character explicitly contained in<binary string literal>, <timestamp
string>, and<interval string>, a <token>, other than a<character string literal>, a <national character
string literal>, a <Unicode character string literal>, a <delimited identifier>, or a <Unicodedelimited
identifier> shall not contain a <space> character or other <separator>.

7) A <non-double quote character> is any character of the source language character set other than
a <double quote> that is not included in the Unicode General Categories “Cc”, “Cf”, “Cn”, “Cs”, “Zl”,
or “Zp”.

NOTE 116— “source language character set” is defined in Subclause 4.10.2, “Source language character set”, in
ISO/IEC 9075-1.

8) Any <token> may be followed by a <separator>. A <non-delimiter token> shall be followed by a
<delimiter token> or a <separator>.

NOTE 117— If the Format does not allow a <non-delimiter token> to be followed by a <delimiter token>, then that
<non-delimiter token> must be followed by a <separator>.

9) There shall be no <separator> separating the <minus sign>s of a <simple comment introducer>.

10) There shall be no <separator> separating any two <digit>s or separating a <digit> and <multiplier>
of a <large object length token>.

11) Within a <bracketed comment contents>, any <solidus> immediately followed by an <asterisk>
without any intervening<separator> shall be considered to be the<bracketed comment introducer>
of a <separator> that is a <bracketed comment>.

NOTE 118— If conforming programs place a <simple comment> within a <bracketed comment> and that <simple
comment> contains the sequence of characters “*/” without a preceding “/*” in the same <simple comment>, that
“*/” prematurely terminates the containing <bracketed comment>.

12) SQL text containing one or more instances of <comment> is equivalent to the same SQL text with
the <comment> replaced with <newline>.

13) In a <regular identifier>, the number of <identifier part>s shall be less than 128.

14) The <delimited identifier body> of a <delimited identifier> shall not comprise more than 128
<delimited identifier part>s.

15) In a <Unicode delimited identifier>, there shall be no <separator> between the “U” and the
<ampersand> nor between the <ampersand> and the <double quote>.

16) In a <Unicode delimited identifier>, the introductory “U” may be represented either in upper-case
(as “U”) or in lower-case (as “u”).

17) <Unicodeescape character> shall be a single character from the source language character set other
than a <hexit>, <plus sign>, <quote>, <double quote>, or <whitespace>.
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18) If the source language character set contains <reverse solidus>, then let DEC be <reverse solidus>;
otherwise, let DEC be an implementation-defined (IV076) character from the source language
character set that is not a <hexit>, <plus sign>, <quote>, <double quote>, or <whitespace>.

19) If a <Unicode escape specifier>does not contain <Unicode escape character>, then “UESCAPE 'DEC'”
is implicit.

20) In a<Unicodeescapevalue> there shall beno<separator>between the<Unicodeescape character>
and the first <hexit>, nor between any of the <hexit>s.

21) The <Unicode delimiter body> of a <Unicode delimited identifier> shall not comprise more than
128 <Unicode identifier part>s.

22) LetUEC be the <Unicode escape character>. <Unicode 4 digit escape value> 'UECxyzw' is equivalent
to the character at the Unicode code point specified by U+xyzw.

23) Let UEC be the <Unicode escape character>. <Unicode 6 digit escape value> 'UEC+xyzwrs' is equi-
valent to the character at the Unicode code point specified by U+xyzwrs.

NOTE 119— The 6-hexit notation is derived by taking the UCS-4 notation defined in ISO/IEC 10646:2020 and
removing the leading two hexits, whose values are always 0 (zero).

24) <Unicode character escape value> is equivalent to a single instance of <Unicode escape character>.

25) For every <identifier body> IB there is exactly one corresponding case-normal form CNF. CNF is an
<identifier body> derived from IB as follows.

Let n be the number of characters in IB. For i ranging from 1 (one) to n, the i-th characterMi of IB
is transliterated into the corresponding character or characters of CNF as follows.

Case:

a) IfMi is a lower-case character or a title case character for which an equivalent upper-case
sequence U is defined by Unicode, then let j be the number of characters in U; the next j char-
acters of CNF are U.

b) Otherwise, the next character of CNF isMi.

26) The case-normal form of the <identifier body> of a <regular identifier> is used for purposes such
as and including determination of identifier equivalence, representation in the Definition and
Information Schemas, and representation in diagnostics areas.

NOTE 120— The Information Schema and Definition Schema are defined in ISO/IEC 9075-11.

NOTE 121—Any lower-case letters for which there are no upper-case equivalents are left in their lower-case form.

27) The case-normal form of <regular identifier> shall not be equal, according to the comparison rules
in Subclause 8.2, “<comparison predicate>”, to any <reserved word> (with every letter that is a
lower-case letter replacedby the correspondingupper-case letter or letters), treated as the repetition
of a <character string literal> that specifies a <character set specification> of SQL_IDENTIFIER.

28) Two <regular identifier>s are equivalent if the case-normal forms of their <identifier body>s, con-
sidered as the repetition of a <character string literal> that specifies a <character set specification>
of SQL_IDENTIFIER and an implementation-defined (IA013) collation IDC that is sensitive to case,
compare equally according to the comparison rules in Subclause 8.2, “<comparison predicate>”.

29) A <regular identifier> and a <delimited identifier> are equivalent if the case-normal form of the
<identifier body> of the <regular identifier> and the <delimited identifier body> of the <delimited
identifier> (with all occurrences of <quote> replaced by <quote symbol> and all occurrences of
<double quote symbol> replaced by <double quote>), considered as the repetition of a <character
string literal> that specifies a <character set specification> of SQL_IDENTIFIER and IDC, compare
equally according to the comparison rules in Subclause 8.2, “<comparison predicate>”.
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30) Two <delimited identifier>s are equivalent if their <delimited identifier body>s, considered as the
repetition of a <character string literal> that specifies a <character set specification> of
SQL_IDENTIFIERandan implementation-defined (IA013) collation that is sensitive to case, compare
equally according to the comparison rules in Subclause 8.2, “<comparison predicate>”.

31) Two <Unicode delimited identifier>s are equivalent if their <Unicode delimiter body>s, considered
as the repetition of a <character string literal> that specifies a <character set specification> of
SQL_IDENTIFIERandan implementation-defined (IA013) collation that is sensitive to case, compare
equally according to the comparison rules in Subclause 8.2, “<comparison predicate>”.

32) A <Unicode delimited identifier> and a <delimited identifier> are equivalent if their <Unicode
delimiter body> and <delimited identifier body>, respectively, each considered as the repetition of
a <character string literal> that specifies a <character set specification> of SQL_IDENTIFIER and
an implementation-defined (IA013) collation that is sensitive to case, compare equally according
to the comparison rules in Subclause 8.2, “<comparison predicate>”.

33) A <regular identifier> and a <Unicode delimited identifier> are equivalent if the case-normal form
of the<identifierbody>of the<regular identifier>and the<Unicodedelimiter body>of the<Unicode
delimited identifier> considered as the repetition of a <character string literal>, each specifying a
<character set specification>of SQL_IDENTIFIERand an implementation-defined (IA013) collation
that is sensitive to case, compare equally according to the comparison rules in Subclause 8.2,
“<comparison predicate>”.

34) For the purposes of identifying <key word>s, any <simple Latin lower-case letter> contained in a
candidate <key word> shall be effectively treated as the corresponding <simple Latin upper-case
letter>.

35) 10Neither <left brace backslash> nor <right backslash brace> shall be specified.
NOTE 122—<left brace backslash> and <right backslash brace> are not specified in conforming SQL language. They
are not used in the ISO/IEC 9075 series, nor will they be used in any future revision of the ISO/IEC 9075 series. They
are intended to be used by APIs (such as JDBC) that manage connections to SQL-implementations to escape API-
specific features, which are outside the scope of this document, within SQL-statements.

Access Rules

None.

General Rules

None.

Conformance Rules

1) Without Feature F391, “Long identifiers”, in a <regular identifier>, the number of <identifier part>s
shall be less than 18.

2) Without Feature F391, “Long identifiers”, the <delimited identifier body>of a <delimited identifier>
shall not comprise more than 18 <delimited identifier part>s.

NOTE 123— Not every character set supported by a conforming SQL-implementation necessarily contains every
character associatedwith<identifier start> and<identifierpart> that is identified in the SyntaxRules of this Subclause.
No conforming SQL-implementation is required to support in <identifier start> or <identifier part> any character
identified in the Syntax Rules of this Subclause unless that character belongs to the character set in use for an SQL-
client module or in SQL-data.

3) Without Feature T351, “Bracketed comments”, conforming SQL language shall not contain a
<bracketed comment>.
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4) Without Feature F392, “Unicode escapes in identifiers”, conforming SQL language shall not contain
a <Unicode delimited identifier>.

5) Without Feature T043, “Multiplier T”, in conforming SQL language, a <multiplier> shall not be T.

6) Without Feature T044, “Multiplier P”, in conforming SQL language, a <multiplier> shall not be P.
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5.3 <literal>
This Subclause is modified by Subclause 5.2, “<literal>”, in ISO/IEC 9075-14.

Function

Specify a non-null value.

Format
<literal> ::=

<signed numeric literal>
| <general literal>

<unsigned literal> ::=
<unsigned numeric literal>

| <general literal>

<general literal> ::=
<character string literal>

| <national character string literal>
| <Unicode character string literal>
| <binary string literal>
| <datetime literal>
| <interval literal>
| <boolean literal>

<character string literal> ::=
[ <introducer> <character set specification> ]

<quote> [ <character representation>... ] <quote>
    [ { <separator> <quote> [ <character representation>... ] <quote> }... ]

<introducer> ::=
<underscore>

<character representation> ::=
<non-quote character>

| <quote symbol>

<non-quote character> ::=
!! See the Syntax Rules.

<quote symbol> ::=
<quote> <quote>

<national character string literal> ::=
N <quote> [ <character representation>... ]

<quote> [ { <separator> <quote> [ <character representation>... ] <quote> }... ]

<Unicode character string literal> ::=
[ <introducer> <character set specification> ]
    U <ampersand> <quote> [ <Unicode representation>... ] <quote>
    [ { <separator> <quote> [ <Unicode representation>... ] <quote> }... ]

<Unicode escape specifier>

<Unicode representation> ::=
<character representation>

| <Unicode escape value>

<binary string literal> ::=
X <quote> [ <space>... ] [ { <hexit> [ <space>... ] <hexit> [ <space>... ] }... ] <quote>
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    [ { <separator> <quote> [ <space>... ] [ { <hexit> [ <space>... ]
<hexit> [ <space>... ] }... ] <quote> }... ]

<hexit> ::=
 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 | A | B | C | D | E | F | a | b | c | d | e | f

<octal digit> ::=
 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7

<binary digit> ::=
 0 | 1

<signed numeric literal> ::=
[ <sign> ] <unsigned numeric literal>

<unsigned numeric literal> ::=
<exact numeric literal>

| <approximate numeric literal>

<exact numeric literal> ::=
<unsigned integer>

| <unsigned decimal integer> <period> [ <unsigned decimal integer> ]
| <period> <unsigned decimal integer>

<sign> ::=
<plus sign>

| <minus sign>

<approximate numeric literal> ::=
<mantissa> E <exponent>

<mantissa> ::=
<exact numeric literal>

<exponent> ::=
<signed decimal integer>

<signed integer> ::=
[ <sign> ] <unsigned integer>

<signed decimal integer> ::=
[ <sign> ] <unsigned decimal integer>

<unsigned integer> ::=
<unsigned decimal integer>

| <unsigned hexadecimal integer>
| <unsigned octal integer>
| <unsigned binary integer>

<unsigned decimal integer> ::=
<digit> [ { [ <underscore> ] <digit> }... ]

<unsigned hexadecimal integer> ::=
0X { [ <underscore> ] <hexit> }...

<unsigned octal integer> ::=
0O { [ <underscore> ] <octal digit> }...

<unsigned binary integer> ::=
0B { [ <underscore> ] <binary digit> }...

<datetime literal> ::=
<date literal>

| <time literal>
| <timestamp literal>
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<date literal> ::=
DATE <date string>

<time literal> ::=
TIME <time string>

<timestamp literal> ::=
TIMESTAMP <timestamp string>

<date string> ::=
<quote> <unquoted date string> <quote>

<time string> ::=
<quote> <unquoted time string> <quote>

<timestamp string> ::=
<quote> <unquoted timestamp string> <quote>

<time zone interval> ::=
<sign> <hours value> <colon> <minutes value>

<date value> ::=
<years value> <minus sign> <months value> <minus sign> <days value>

<time value> ::=
<hours value> <colon> <minutes value> <colon> <seconds value>

<interval literal> ::=
INTERVAL [ <sign> ] <interval string> <interval qualifier>

<interval string> ::=
<quote> <unquoted interval string> <quote>

<unquoted date string> ::=
<date value>

<unquoted time string> ::=
<time value> [ <time zone interval> ]

<unquoted timestamp string> ::=
<unquoted date string> <space> <unquoted time string>

<unquoted interval string> ::=
[ <sign> ] { <year-month literal> | <day-time literal> }

<year-month literal> ::=
<years value> [ <minus sign> <months value> ]

| <months value>

<day-time literal> ::=
<day-time interval>

| <time interval>

<day-time interval> ::=
<days value> [ <space> <hours value> [ <colon> <minutes value>
    [ <colon> <seconds value> ] ] ]

<time interval> ::=
<hours value> [ <colon> <minutes value> [ <colon> <seconds value> ] ]

| <minutes value> [ <colon> <seconds value> ]
| <seconds value>

<years value> ::=
<datetime value>
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<months value> ::=
<datetime value>

<days value> ::=
<datetime value>

<hours value> ::=
<datetime value>

<minutes value> ::=
<datetime value>

<seconds value> ::=
<seconds integer value> [ <period> [ <seconds fraction> ] ]

<seconds integer value> ::=
<unsigned decimal integer>

<seconds fraction> ::=
<unsigned decimal integer>

<datetime value> ::=
<unsigned decimal integer>

<boolean literal> ::=
TRUE

| FALSE
| UNKNOWN

Syntax Rules

1) In a <character string literal> or <national character string literal>, the sequence:

<quote> <character representation>... <quote><separator>
<quote> <character representation>... <quote>

is equivalent to the sequence

<quote> <character representation>... <character representation>... <quote>

NOTE 124— The <character representation>s in the equivalent sequence are in the same sequence and relative
sequence as in the original <character string literal>.

2) In a <Unicode character string literal>, the sequence:

<quote> <Unicode representation>... <quote>
<separator> <quote> <Unicode representation>... <quote>

is equivalent to the sequence:

<quote> <Unicode representation>... <Unicode representation>... <quote>

3) In a <Unicode character string literal>, the introductory “U” may be represented either in upper-
case (as “U”) or in lower-case (as “u”).

4) In a <binary string literal>, the sequence

<quote> [ <space>... ] { <hexit> [ <space>... ]
<hexit> [ <space>... ] }... <quote>

is equivalent to the sequence

<quote> { <hexit> <hexit> }... <quote>
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NOTE125—The<hexit>s in the equivalent sequence are in the same sequence and relative sequence as in theoriginal
<binary string literal>.

5) In a <binary string literal>, the sequence

<quote> { <hexit> <hexit> }... <quote> <separator>
<quote> { <hexit> <hexit> }... <quote>

is equivalent to the sequence

<quote> { <hexit> <hexit> }... { <hexit> <hexit> }... <quote>

NOTE126—The<hexit>s in the equivalent sequence are in the same sequence and relative sequence as in theoriginal
<binary string literal>.

6) In a <binary string literal>, the introductory “X” may be represented either in upper-case (as “X”)
or in lower-case (as “x”).

7) In a <character string literal>, <national character string literal>, <Unicode character string literal>,
or <binary string literal>, a <separator> shall contain a <newline>.

8) A<national character string literal> is equivalent to a <character string literal>with the “N” replaced
by “<introducer><character set specification>”, where “<character set specification>” is an imple-
mentation-defined (IV077) <character set name>.

9) In a <national character string literal>, the introductory “N” may be represented either in upper-
case (as “N”) or in lower-case (as “n”).

10) In a <Unicode character string literal> that specifies “<introducer><character set specification>”,
there shall be no <separator> between the <introducer> and the <character set specification>.

11) In a <Unicode character string literal>, there shall be no <separator> between the “U” and the
<ampersand> nor between the <ampersand> and the <quote>.

12) The character set of a <Unicode character string literal> that specifies “<introducer><character set
specification>” is the character set specified by the <character set specification>. The character set
of a <Unicode character string literal> that does not specify “<introducer><character set specifica-
tion>” is the character set of the SQL-client module that contains the <Unicode character string lit-
eral>.

13) A <Unicode character string literal> is equivalent to a <character string literal> in which every
<Unicode escape value> has been replaced with the equivalent Unicode character. The set of char-
acters contained in the <Unicode character string literal> shall bewholly contained in the character
set of the <Unicode character string literal>.

NOTE 127— The requirement for “wholly contained” applies after the replacement of <Unicode escape value>s
with equivalent Unicode characters.

14) Each <character representation> is a character of the source language character set. The value of
a <character string literal>, viewedas a string in the source language character set, shall be equivalent
to a character string of the implicit or explicit character set of the <character string literal> or
<national character string literal>.

NOTE 128— “source language character set” is defined in Subclause 4.10.1, “Host languages”, in ISO/IEC 9075-1.

15) A <non-quote character> is one of:

a) Any character of the source language character set other than a <quote>.

b) Any character other than a <quote> in the character set identified by the <character set spe-
cification> or implied by “N”.

16) Case:
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If a <character set specification> is not specified in a <character string literal>, then the set
of characters contained in the <character string literal> shall be wholly contained in the
character set of the <SQL-clientmodule definition> that contains the <character string literal>.

a)

b) Otherwise, there shall be no <separator> between the <introducer> and the <character set
specification>, and the set of characters contained in the <character string literal> shall be
wholly contained in the character set specified by the <character set specification>.

17) The declared type of a <character string literal> is fixed-length character string. The length of a
<character string literal> is the number of <character representation>s that it contains. Each <quote
symbol> contained in <character string literal> represents a single <quote> in both the value and
the length of the <character string literal>. The two <quote>s contained in a <quote symbol> shall
not be separated by any <separator>.

NOTE 129— <character string literal>s are allowed to be zero-length strings (i.e., to contain no characters) even
though it is not permitted to declare a <data type> that is CHARACTER with <character length> 0 (zero).

18) The character set of a <character string literal> is

Case:

a) If the <character string literal> specifies a <character set specification>, then the character
set specified by that <character set specification>.

b) Otherwise, the character set of the SQL-client module that contains the <character string lit-
eral>.

19) The declared type collation of a <character string literal> is the character set collation, and the
collation derivation is implicit.

20) It is implementation-defined (IV191) whether the declared type of a <binary string literal> is a
fixed-length binary string type, a variable-length binary string type, or a binary large object string
type. Each <hexit> appearing in the literal is equivalent to a quartet of bits: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9,
A, B, C, D, E, and F are interpreted as 0000, 0001, 0010, 0011, 0100, 0101, 0110, 0111, 1000, 1001,
1010, 1011, 1100, 1101, 1110, and1111, respectively. The<hexit>s a, b, c, d, e, and f have respectively
the same values as the <hexit>s A, B, C, D, E, and F.

21) The maximum number of <digit>s immediately contained in an <unsigned integer> is implemen-
tation-defined (IL063). The value of an <unsigned integer> is an unsigned integer.

22) An <unsigned decimal integer> that immediately contains <underscore>s is equivalent to the same
<unsigned decimal integer> with every <underscore> removed.

23) An <unsigned hexadecimal integer> that immediately contains <underscore>s is equivalent to the
same <unsigned hexadecimal integer> with every <underscore> removed.

24) An <unsigned octal integer> that immediately contains <underscore>s is equivalent to the same
<unsigned octal integer> with every <underscore> removed.

25) An <unsigned binary integer> that immediately contains <underscore>s is equivalent to the same
<unsigned binary integer> with every <underscore> removed.

26) In an <unsigned hexadecimal integer>, <unsigned octal integer>, or <unsigned binary integer>, the
radix indicators “X”, “O”, and “B” may be represented either in upper-case (as “X”, “O”, “B”) or in
lower-case (as “x”, “o”, “b”).

27) In an <unsigned hexadecimal integer>, <unsigned octal integer>, or <unsigned binary integer>,
there shall be no <separator> between the radix indicators “0X”, “0O”, “0B” and the first <hexit>,
<octal digit>, <binary digit>, or <underscore>.

28) An <exact numeric literal> without a <period> has an implied <period> following the last <digit>.
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29) The declared type of an <exact numeric literal> ENL is an implementation-defined (IV048) exact
numeric type whose scale is the number of <digit>s to the right of the <period>. There shall be an
exact numeric type capable of representing the value of ENL exactly.

30) It is implementation-defined (IA090)whether thedeclared typeof an<approximatenumeric literal>
ANL is an implementation-defined (IA090) approximate numeric type or the decimal floating-point
typewithan implementation-defined(IA090)precision. If thedeclared typeofANL is anapproximate
numeric type, then the value of ANL shall not be greater than the maximum value nor less than the
minimum value that can be represented by the approximate numeric types. If the declared type of
ANL is the decimal floating-point type, then the value ofANL shall not be greater than themaximum
value nor less than the minimum value that can be represented by the decimal floating-point type.

NOTE 130— Thus the only syntax error for an <approximate numeric literal> is what is commonly known as
“overflow”; there is no syntax error for specifyingmore significant digits than the SQL-implementation can represent
internally, nor for specifying a value that has no exact equivalent in the SQL-implementation’s internal representation.
(“Underflow”, i.e., specifying a non-zero value so close to 0 (zero) that the closest representation in the SQL-imple-
mentation’s internal representation is 0E0, is a special case of the latter condition, and is not a syntax error.)

31) In an<approximate numeric literal>, the exponent indicator “E”maybe represented either in upper-
case (as “E”) or in lower-case (as “e”).

32) A <mantissa> shall not contain an <unsigned integer> that is not an <unsigned decimal integer>.

33) The declared type of a <date literal> is DATE.

34) Thedeclared typeof a <time literal> that does not specify <time zone interval> is TIME(P)WITHOUT
TIMEZONE,whereP is thenumberof digits in<seconds fraction>, if specified, and0 (zero) otherwise.
The declared type of a <time literal> that specifies <time zone interval> is TIME(P) WITH TIME
ZONE, where P is the number of digits in <seconds fraction>, if specified, and 0 (zero) otherwise.

35) The declared type of a <timestamp literal> that does not specify <time zone interval> is
TIMESTAMP(P) WITHOUT TIME ZONE, where P is the number of digits in <seconds fraction>, if
specified, and 0 (zero) otherwise. The declared type of a <timestamp literal> that specifies <time
zone interval> is TIMESTAMP(P) WITH TIME ZONE, where P is the number of digits in <seconds
fraction>, if specified, and 0 (zero) otherwise.

36) If <time zone interval> is not specified, then the effective <time zone interval> of the datetime data
type is the current default time zone displacement for the SQL-session.

37) Let datetime component be either <years value>, <months value>, <days value>, <hours value>,
<minutes value>, or <seconds value>. Thedatetime components are regarded as literals for datetime
fields (see Table 2, “Fields in datetime values”), year-month INTERVAL fields (see Table 4, “Fields
in year-month INTERVAL values”), or day-time INTERVAL fields (see Table 4, “Fields in year-month
INTERVAL values”), as stated in Table 12, “Interpretation of datetime components”.

Table 12— Interpretation of datetime components

Datetime field, year-month INTERVAL field, or day-time INTERVAL
field

Datetimecomponent

YEAR<years value>

MONTH<months value>

DAY<days value>

HOUR<hours value>

MINUTE<minutes value>
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Datetime field, year-month INTERVAL field, or day-time INTERVAL
field

Datetimecomponent

SECOND<seconds value>

38) LetNbe thenumberof <primarydatetimefield>s in theprecisionof the<interval literal>, as specified
by <interval qualifier>.

The <interval literal> being defined shall contain N datetime components.

The declared type of <interval literal> specified with an <interval qualifier> is INTERVAL with the
<interval qualifier>.

Each datetime component shall have the precision specified by the <interval qualifier>.

39) Within a <datetime literal>, the <years value> shall contain four digits. The <seconds integer value>
and other datetime components, with the exception of <seconds fraction>, shall each contain two
digits.

40) Within the definition of a <datetime literal>, the <datetime value>s are constrained by the rules for
dates and times according to the Gregorian calendar, with each datetime component interpreted
as datetime fields according to Table 12, “Interpretation of datetime components”.

41) Within the definition of an <interval literal>, the <datetime value>s are constrained by the rules
for intervals according to the Gregorian calendar, with each datetime component interpreted as
datetimefields according toTable 12, “Interpretationof datetime components”. A <sign>, if specified,
applies to all interval fields.

42) Within the definition of an <interval literal> that contains a <year-month literal>, the <interval
qualifier> shall not specify DAY, HOUR, MINUTE, or SECOND. Within the definition of an <interval
literal> that contains a<day-time literal>, the<interval qualifier> shall not specifyYEARorMONTH.

43) Within the definition of a <datetime literal>, the value of the <time zone interval> shall be a valid
time zone displacement as specified in Subclause 4.7.2, “Datetimes”.

44) A <seconds integer value> shall not contain an <underscore>.

45) A <seconds fraction> shall not contain an <underscore>.

46) A <datetime value> shall not contain an <underscore>.

47) The declared type of a <boolean literal> is Boolean.

Access Rules

None.

General Rules

1) The value of a <character string literal> is the result of transliterating the sequence of <character
representation>s that it contains from the source language character set to the implicit or explicit
character set of the <character string literal>.

2) If the character repertoire of a <character string literal> US is UCS, then its value is replaced by
NORMALIZE(US).
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3) Exceptwhen it is contained in an<exact numeric literal>, the value of an <unsigneddecimal integer>
is the numeric value determined by application of the normal mathematical interpretation of posi-
tional decimal notation to the string of <digit>s that constitutes the <unsigned decimal integer>.

4) The value of an<unsignedhexadecimal integer> is thenumeric valuedeterminedby the application
of the normal mathematical interpretation of positional hexadecimal notation to the string of
<hexit>s that constitute the <unsigned hexadecimal integer>.

5) The value of an <unsigned octal integer> is the numeric value determined by the application of the
normal mathematical interpretation of positional octal notation to the string of <octal digit>s that
constitute the <unsigned octal integer>.

6) The value of an <unsigned binary integer> is the numeric value determined by the application of
the normalmathematical interpretation of positional binary notation to the string of <binary digit>s
that constitute the <unsigned binary integer>.

7) The value of an <exact numeric literal> is the numeric value determinedby applicationof the normal
mathematical interpretation of positional decimal notation to the source characters that constitute
the <exact numeric literal>.

8) Let ANL be an <approximate numeric literal>. Let ANDT be the declared type of ANL. Let ANV be
the product of the exact numeric value represented by the <mantissa> of ANL and the number
obtained by raising the number 10 to the power of the exact numeric value represented by the
<exponent> of ANL. If ANV is a value of ANDT, then the value of ANL is ANV; otherwise, the value of
ANL is a value of ANDT obtained from ANV by rounding or truncation. The choice of whether to
round or truncate is implementation-defined (IA212).

9) The <sign> in a <signed numeric literal> or an <interval literal> is a monadic arithmetic operator.
The monadic arithmetic operators + and − specify monadic plus and monadic minus, respectively.
If neither monadic plus nor monadic minus are specified in a <signed numeric literal> or an
<interval literal>, or if monadic plus is specified, then the literal is positive. If monadic minus is
specified in a <signed numeric literal> or <interval literal>, then the literal is negative. If <sign> is
specified in both possible locations in an <interval literal>, then the sign of the literal is determined
by normal mathematical interpretation of multiple sign operators.

10) Let V be the integer value of the <unsigned integer> contained in <seconds fraction> and let N be
the number of digits in the <seconds fraction> respectively. The resultant value of the <seconds
fraction> is effectively determined as follows.

Case:

a) If <seconds fraction> is specifiedwithin the definition of a <datetime literal>, then the effective
value of the <seconds fraction> is V * 10−N seconds.

b) If <seconds fraction> is specified within the definition of an <interval literal>, then letM be
the <interval fractional seconds precision> specified in the <interval qualifier>.

Case:

i) If N <M, then let V1 be V * 10M−N; the effective value of the <seconds fraction> is V1 *
10−M seconds.

ii) If N >M, then let V2 be the integer part of the quotient of V/10N−M; the effective value
of the <seconds fraction> is V2 * 10−M seconds.

iii) Otherwise, the effective value of the <seconds fraction> is V * 10−M seconds.
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11) The i-th datetime component in a <datetime literal> or <interval literal> assigns the value of the
datetime component to the i-th <primary datetime field> in the <datetime literal> or <interval lit-
eral>.

12) If <time zone interval> is specified, then the time and timestamp values in <time literal> and
<timestamp literal> represent a datetime in the specified time zone.

13) If <date value> is specified, then it is interpreted as a date in the Gregorian calendar. If <time value>
is specified, then it is interpreted as a time of day. Let DV be the value of the <datetime literal>,
disregarding <time zone interval>.

Case:

a) If <time zone interval> is specified, then let TZI be the value of the interval denoted by <time
zone interval>. The value of the <datetime literal> is DV − TZI, with time zone displacement
TZI.

b) Otherwise, the value of the <datetime literal> is DV.
NOTE 131— If <time zone interval> is specified, then a <time literal> or <timestamp literal> is interpreted as local
timewith the specified time zonedisplacement. However, it is effectively converted toUTCwhile retaining the original
time zone displacement.

If <time zone interval> is not specified, then no assumption is made about time zone displacement. However, if a
time zone displacement be required during subsequent processing, the current default time zone displacement of
the SQL-session will be applied at that time.

14) The truth value of a <boolean literal> is True if TRUE is specified, is False if FALSE is specified, and
is Unknown if UNKNOWN is specified.

NOTE 132— The null value of the Boolean data type is equivalent to the Unknown truth value (see Subclause 4.6,
“Boolean types”).

Conformance Rules

1) Without FeatureT031, “BOOLEANdata type”, conforming SQL language shall not contain a <boolean
literal>.

2) Without Feature F555, “Enhanced seconds precision”, in conforming SQL language, an <unsigned
decimal integer> that is a <seconds fraction> that is contained in a <timestamp literal> shall not
contain more than 6 <digit>s.

3) Without Feature F555, “Enhanced seconds precision”, in conforming SQL language, a <time literal>
shall not contain a <seconds fraction>.

4) Without Feature F421, “National character”, conforming SQL language shall not contain a <national
character string literal>.

5) Without Feature F052, “Intervals and datetime arithmetic”, conforming SQL language shall not
contain an <interval literal>.

6) Without Feature F271, “Compound character literals”, in conforming SQL language, a <character
string literal> shall contain exactly one repetition of <character representation> (that is, it shall
contain exactly one sequence of “<quote> [ <character representation>... ] <quote>”).

7) Without Feature F411, “Time zone specification”, conforming SQL language shall not contain a
<time zone interval>.

8) Without at least one of Feature T045, “BLOB data type”, or Feature T021, “BINARY and VARBINARY
data types”, conforming SQL language shall not contain a <binary string literal>.
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9) Without Feature T023, “Compound binary literals”, in conforming SQL language, a <binary string
literal> shall contain exactly one repetition of “<quote> [ { <hexit> <hexit> }... ] <quote>”.

10) Without Feature T024, “Spaces in binary literals”, in conforming SQL language, a <binary string
literal> shall not contain a <space>.

11) Without Feature F393, “Unicode escapes in literals”, conforming SQL language shall not contain a
<Unicode character string literal>.

12) Without Feature T661, “Non-decimal integer literals”, conforming SQL language shall not contain
an <unsigned integer> that is not an <unsigned decimal integer>.

13) Without FeatureT662, “Underscores in numeric literals”, conforming SQL language shall not contain
an <unsigned decimal integer> that contains an <underscore>, an <unsigned hexadecimal integer>
that contains an <underscore>, an <unsigned octal integer> that contains an <underscore>, or an
<unsigned binary integer> that contains an <underscore>.
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5.4 Names and identifiers
This Subclause is modified by Subclause 5.2, “Names and identifiers”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 5.2, “Names and identifiers”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 5.2, “Names and identifiers”, in ISO/IEC 9075-13.
This Subclause is modified by Subclause 5.3, “Names and identifiers”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 5.2, “Names and identifiers”, in ISO/IEC 9075-15.
This Subclause is modified by Subclause 5.3, “Names and identifiers”, in ISO/IEC 9075-16.

Function

Specify names.

Format
<identifier> ::=
<actual identifier>

<actual identifier> ::=
<regular identifier>

| <delimited identifier>
| <Unicode delimited identifier>

<SQL language identifier> ::=
<SQL language identifier start> [ <SQL language identifier part>... ]

<SQL language identifier start> ::=
<simple Latin letter>

<SQL language identifier part> ::=
<simple Latin letter>

| <digit>
| <underscore>

<authorization identifier> ::=
<role name>

| <user identifier>

<table name> ::=
<local or schema qualified name>

<domain name> ::=
<schema qualified name>

<schema name> ::=
[ <catalog name> <period> ] <unqualified schema name>

<unqualified schema name> ::=
<identifier>

<catalog name> ::=
<identifier>

<schema qualified name> ::=
[ <schema name> <period> ] <qualified identifier>

<local or schema qualified name> ::=
[ <local or schema qualifier> <period> ] <qualified identifier>

<local or schema qualifier> ::=
<schema name>
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| <local qualifier>

<qualified identifier> ::=
<identifier>

<column name> ::=
<identifier>

<correlation name> ::=
<identifier>

<query name> ::=
<identifier>

<SQL-client module name> ::=
<identifier>

<procedure name> ::=
<identifier>

<schema qualified routine name> ::=
<schema qualified name>

<method name> ::=
<identifier>

<specific name> ::=
<schema qualified name>

<cursor name> ::=
<local qualified name>

<local qualified name> ::=
[ <local qualifier> <period> ] <qualified identifier>

<local qualifier> ::=
MODULE

<host parameter name> ::=
<colon> <identifier>

<SQL parameter name> ::=
<identifier>

<constraint name> ::=
<schema qualified name>

<external routine name> ::=
<identifier>

| <character string literal>

<trigger name> ::=
<schema qualified name>

<collation name> ::=
<schema qualified name>

<character set name> ::=
[ <schema name> <period> ] <SQL language identifier>

<transliteration name> ::=
<schema qualified name>

<transcoding name> ::=
<schema qualified name>
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<schema-resolved user-defined type name> ::=
<user-defined type name>

<user-defined type name> ::=
[ <schema name> <period> ] <qualified identifier>

<attribute name> ::=
<identifier>

<field name> ::=
<identifier>

<savepoint name> ::=
<identifier>

<sequence generator name> ::=
<schema qualified name>

<role name> ::=
<identifier>

<user identifier> ::=
<identifier>

<connection name> ::=
<simple value specification>

<SQL-server name> ::=
<simple value specification>

<connection user name> ::=
<simple value specification>

<SQL statement name> ::=
<statement name>

| <extended statement name>

<statement name> ::=
<identifier>

<extended statement name> ::=
[ <scope option> ] <simple value specification>

<dynamic cursor name> ::=
<conventional dynamic cursor name>

| <PTF cursor name>

<conventional dynamic cursor name> ::=
<cursor name>

| <extended cursor name>

<extended cursor name> ::=
[ <scope option> ] <simple value specification>

<PTF cursor name> ::=
PTF <simple value specification>

<descriptor name> ::=
<conventional descriptor name>

| <PTF descriptor name>

<conventional descriptor name> ::=
<non-extended descriptor name>

| <extended descriptor name>
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<non-extended descriptor name> ::=
<identifier>

<extended descriptor name> ::=
[ <scope option> ] <simple value specification>

<scope option> ::=
GLOBAL

| LOCAL

<PTF descriptor name> ::=
PTF <simple value specification>

<window name> ::=
<identifier>

<row pattern variable name> ::=
<correlation name>

<measure name> ::=
<identifier>

Syntax Rules

1) In an <SQL language identifier>, the number of <SQL language identifier part>s shall be less than
128.

2) An <SQL language identifier> is equivalent to an <SQL language identifier> in which every letter
that is a lower-case letter is replacedby the correspondingupper-case letter or letters. This treatment
includes determination of equivalence, representation in the Information and Definition Schemas,
representation in diagnostics areas, and similar uses.

NOTE 133— The Information Schema and Definition Schema are defined in ISO/IEC 9075-11.

3) An <SQL language identifier> (with every letter that is a lower-case letter replaced by the corres-
ponding upper-case letter or letters), treated as the repetition of a <character string literal> that
specifies a <character set specification> of SQL_IDENTIFIER, shall not be equal, according to the
comparison rules in Subclause 8.2, “<comparison predicate>”, to any <reservedword> (with every
letter that is a lower-case letter replaced by the corresponding upper-case letter or letters), treated
as the repetition of a <character string literal> that specifies a <character set specification> of
SQL_IDENTIFIER.

NOTE 134— It is the intention that no <key word> specified in the ISO/IEC 9075 series or revisions thereto ends
with an <underscore>.

4) If a <local or schema qualified name> does not contain a <local or schema qualifier>, then

Case:

a) 04 If the <local or schema qualified name> is contained, without an intervening <schema
definition>, in a <preparable statement> that is prepared in the current SQL-session by an
<execute immediate statement> or a <prepare statement> or in a <direct SQL statement> that
is invokeddirectly, then the default <unqualified schemaname> for the SQL-session is implicit.

b) 04 If the <local or schema qualified name> is contained in a <schema definition>, then the
<schema name> that is specified or implicit in the <schema definition> is implicit.

c) Otherwise, the <schema name> that is specified or implicit for the SQL-client module is
implicit.

5) Let TN be a <table name> with a <qualified identifier> QI and a <local or schema qualifier> LSQ.
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Case:

a) 04 If LSQ is “MODULE”, then TN shall be contained in an <SQL-client module definition> that
contains, without an intervening <SQL schema statement>, a <temporary table declaration>
TTwhose <table name> has a <qualified identifier> equivalent to QI.

b) Otherwise, LSQ shall be a <schema name> that identifies a schema that contains a <table
definition> or <view definition> whose <table name> has a <qualified identifier> equivalent
to QI.

6) If a <cursor name> CNwith a <qualified identifier> QI does not contain a <local qualifier>, then the
<local qualifier> MODULE is implicit.

7) 04LetCNbea<cursorname>.CN shall be contained,without an intervening<SQLschemastatement>,
in an <SQL-client module definition> whose <module contents> contain a <declare cursor> or
<dynamic declare cursor> whose <cursor name> is CN.

8) If <user-defined type name> UDTNwith a <qualified identifier> QI is specified, then

Case:

a) If UDTN is simply contained in <path-resolved user-defined type name>, then

Case:

i) If UDTN contains a <schema name> SN, then the schema identified by SN shall contain
the descriptor of a user-defined type UDT such that the <qualified identifier> of UDT
is equivalent to QI. UDT is the user-defined type identified by UDTN.

ii) Otherwise:

1) Case:

A) 04 If UDTN is contained, without an intervening <schema definition>, in a
<preparable statement> that is prepared in the current SQL-session by an
<execute immediate statement> or a <prepare statement> or in a <direct
SQL statement> that is invoked directly, then let DP be the SQL-path of the
current SQL-session.

B) 04 IfUDTN is contained in a <schemadefinition>, then letDPbe the SQL-path
of that <schema definition>.

C) Otherwise, let DP be the SQL-path of the <SQL-client module definition>
that contains UDTN.

2) Let N be the number of <schema name>s in DP. Let Si, 1 (one) ≤ i ≤ N, be the i-th
<schema name> in DP.

3) Let the set of subject types be the set containing every user-defined type T in the
schema identified by some Si, 1 (one) ≤ i ≤ N, such that the <qualified identifier>
of T is equivalent to QI. There shall be at least one type in the set of subject types.

4) Let UDT be the user-defined type contained in the set of subject types such that
there is no other type UDT2 for which the <schema name> of the schema that
includes the user-defined type descriptor of UDT2 precedes in DP the <schema
name> identifying the schema that includes the user-defined type descriptor of
UDT. UDTN identifies UDT.

5) The implicit <schema name> of UDTN is the <schema name> of the schema that
includes the user-defined type descriptor of UDT.
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b) If UDTN is simply contained in <schema-resolved user-defined type name> and UDTN does
not contain a <schema name>, then

Case:

i) 04 If UDTN is contained, without an intervening <schema definition>, in a <preparable
statement> that is prepared in the current SQL-session by an <execute immediate
statement> or a <prepare statement> or in a <direct SQL statement> that is invoked
directly, then the implicit <schema name> of UDTN is the default <unqualified schema
name> for the SQL-session.

ii) 04 If UDTN is contained in a <schema definition>, then the implicit <schema name> of
UDTN is the <schema name> that is specified or implicit in <schema definition>.

iii) Otherwise, the implicit <schemaname>ofUDTN is the <schemaname> that is specified
or implicit in <SQL-client module definition>.

9) Two <user-defined type name>s are equivalent if and only if they have equivalent <qualified iden-
tifier>s and equivalent <schema name>s, regardless of whether the <schema name>s are implicit
or explicit.

10) No <unqualified schema name> shall specify DEFINITION_SCHEMA.

11) If a <transcoding name> does not specify a <schema name>, then INFORMATION_SCHEMA is
implicit; otherwise, INFORMATION_SCHEMA shall be specified.

12) If a <character set name> does not specify a <schema name>, then

Case:

a) If <character set name> is not immediately contained in:

i) A <character set definition>.

ii) A <drop character set statement>.

then <schema name> INFORMATION_SCHEMA is implicit.

b) Otherwise,

Case:

i) If the <character set name> is contained, without an intervening <schema definition>,
in a <preparable statement> that is prepared in the current SQL-sessionby an<execute
immediate statement> or a <prepare statement> or in a <direct SQL statement> that
is invoked directly, then the default <unqualified schema name> for the SQL-session
is implicit.

ii) If the <character set name> is contained in a <schema definition>, then the <schema
name> that is specified or implicit in the <schema definition> is implicit.

iii) Otherwise, the <schema name> that is specified or implicit for the <SQL-clientmodule
definition> is implicit.

13) If a <schema qualified name> SQN other than a <transcoding name> does not contain a <schema
name>, then

Case:

a) If exactly one of the following is true:

i) SQN is immediately contained in a <collation name> that is not immediately contained
in a <collation definition> or in a <drop collation statement>.
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ii) SQN is immediately contained in a <transliteration name> that is not immediately
contained in a <transliteration definition> or in a <drop transliteration statement>.

then <schema name> INFORMATION_SCHEMA is implicit.

b) If SQN is immediately contained in a<constraint name> that is contained in a<table definition>
or an <alter table statement>, then the explicit or implicit <schemaname>of the <table name>
of the table identified by the <table definition> or <alter table statement> is implicit.

c) If SQN is immediately contained in a <constraint name> that is contained in a <domain
definition> or an <alter domain statement>, then the explicit or implicit <schema name> of
the <domain name> of the domain identified by the <domain definition> or an <alter domain
statement> is implicit.

d) Otherwise,

Case:

i) 04 If SQN is contained, without an intervening <schema definition>, in a <preparable
statement> that is prepared in the current SQL-session by an <execute immediate
statement> or a <prepare statement> or in a <direct SQL statement> that is invoked
directly, then the default <unqualified schema name> for the SQL-session is implicit.

ii) 04 If SQN is contained in a<schemadefinition>, then the<schemaname> that is specified
or implicit in the <schema definition> is implicit.

iii) Otherwise, the <schema name> that is specified or implicit for the <SQL-clientmodule
definition> is implicit.

14) If a <schema name> does not contain a <catalog name>, then

Case:

a) If the <unqualified schema name> is contained in a <preparable statement> that is prepared
in the current SQL-session by an <execute immediate statement> or a <prepare statement>
or in a <direct SQL statement> that is invoked directly, then the default catalog name for the
SQL-session is implicit.

b) If the <unqualified schema name> is contained in a <module authorization clause>, then an
implementation-defined (ID057) <catalog name> is implicit.

c) If the <unqualified schema name> is contained in a <schema definition> other than in a
<schema name clause>, then the <catalog name> that is specified or implicit in the <schema
name clause> is implicit.

d) If the <unqualified schema name> is contained in a <schema name clause>, then

Case:

i) If the <schema name clause> is contained in an <SQL-client module definition>, then
the explicit or implicit <catalogname> contained in the<module authorization clause>
is implicit.

ii) Otherwise, an implementation-defined (ID056) <catalog name> is implicit.

e) Otherwise, the explicit or implicit <catalog name> contained in the <module authorization
clause> is implicit.

15) Two <schema qualified name>s are equivalent if and only if their <qualified identifier>s are equi-
valent and their <schema name>s are equivalent, regardless of whether the <schema name>s are
implicit or explicit.
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16) Two <local or schema qualified name>s are equivalent if and only if their <qualified identifier>s
are equivalent and either they both specifyMODULEor they both specify or imply <schemaname>s
that are equivalent.

17) Two <character set name>s are equivalent if and only if their <SQL language identifier>s are equi-
valent and their <schema name>s are equivalent, regardless of whether the <schema name>s are
implicit or explicit.

18) 13Two<schemaname>sare equivalent if andonly if their <unqualifiedschemaname>sare equivalent
and their <catalog name>s are equivalent, regardless of whether the <catalog name>s are implicit
or explicit.

19) An <identifier> that is a <correlation name> is associated with a table within a particular scope.
NOTE 135—The scope of a <correlation name> is defined in the Syntax Rules of Subclause 7.6, “<table reference>”,
Subclause 11.49, “<trigger definition>”, and elsewhere. The definition of scopes make it possible for them to be
nested. In different scopes, <correlation name>s that are equivalent <identifier>s can be associated with different
tables or with the same table.

20) No <authorization identifier> shall specify “PUBLIC”.

21) Those <identifier>s that are valid <authorization identifier>s are implementation-defined (IA030).

22) Those <identifier>s that are valid <catalog name>s are implementation-defined (IA031).

23) The declared type of <SQL-server name>, <connection name>, and <connection user name> shall
be character string with an implementation-defined (IV193) character set and shall have an octet
length of 128 octets or less.

24) The <simple value specification> of <extended statement name>, <extended cursor name>, <PTF
descriptor name>, or <PTF cursor name>, shall not be a <literal>.

25) If an <extended statement name> or <extended cursor name> contains an <SQL parameter refer-
ence>, then it shall also contain an explicit <scope option>.

26) The declared type of the <simple value specification> of <extended statement name>, <extended
cursor name>, <extended descriptor name>, <PTF descriptor name>, or <PTF cursor name> shall
be character string with an implementation-defined (IV192) character set and shall have an octet
length of 128 octets or less.

27) In an <extended descriptor name>, <extended statement name>, or <extended cursor name>, if a
<scope option> is not specified, then a <scope option> of LOCAL is implicit. If a <scope option> is
contained in an <SQL schema statement>, then it shall not contain LOCAL.

28) 04 09 13 If a <descriptor name>contains an <extended descriptor name> that identifies an <SQL
parameter reference> and does not specify a <scope option>, then that <SQL parameter reference>
is used to supply the value for the <descriptor name>.

NOTE 136— The previous rule disambiguates between an <extended descriptor name> that is an <SQL parameter
reference> anda<non-extendeddescriptor name> that is an<identifier>andgives precedence to the<SQLparameter
reference>.

Access Rules

None.

General Rules

1) A <table name> identifies a table.

2) Within its scope, a <correlation name> identifies a table.
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3) Within its scope, a <queryname> identifies the table definedor returnedby someassociated<query
expression body>.

4) A <column name> identifies a column.

5) A <domain name> identifies a domain.

6) An <authorization identifier> identifies a set of privileges.

7) An <SQL-client module name> identifies an SQL-client module.

8) A <schema qualified routine name> identifies an SQL-invoked routine.

9) A <method name> identifies an SQL-invokedmethodMwhose descriptor is included in the schema
that includes the descriptor of the user-defined type that is the type ofM.

10) A <specific name> identifies an SQL-invoked routine.

11) A <cursor name> identifies a standing cursor, a declared dynamic cursor, or a received cursor.

12) A <host parameter name> identifies a host parameter.

13) An <SQL parameter name> identifies an SQL parameter.

14) An <external routine name> identifies an external routine.

15) A <trigger name> identifies a trigger.

16) A <constraint name> identifies a table constraint, a domain constraint, or an assertion.

17) A <catalog name> identifies a catalog.

18) A <schema name> identifies a schema.

19) A <collation name> identifies a collation.

20) A <character set name> identifies a character set.

21) A <transliteration name> identifies a character transliteration.

22) A<transcodingname> identifiesa transcoding.All <transcodingname>sare implementation-defined
(IA032).

23) A <connection name> identifies an SQL-connection.

24) A <user-defined type name> identifies a user-defined type.

25) An <attribute name> identifies an attribute of a structured type.

26) A <savepoint name> identifies a savepoint. The scope of a <savepoint name> is the SQL-transaction
in which it was defined.

27) A <sequence generator name> identifies a sequence generator.

28) A <field name> identifies a field.

29) A <role name> identifies a role.

30) A <user identifier> identifies a user.

31) If a prepared statement PSX is created in SQL-session SS by executing a <prepare statement> PS1
that contains an <extended statement name> ESN1whose value at the time of execution is V, then,
for as long as it exists, PSX can be identified by an <extended statement name> ESN2 in an <SQL
procedure statement> PS2 executed in SS if the value of ESN2 at the time of execution is V and the
<scope option> of ESN2 is the same as the <scope option> of ESN1. If the <scope option> of ESN1
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is LOCAL, thenESN2 identifiesPSXonly ifPS2 is contained in the same<SQL-clientmoduledefinition>
as PS1.

NOTE 137— The “value at the time of execution” is defined in the General Rules of Subclause 20.7, “<prepare
statement>”.

32) A<dynamic cursorname> that is a <cursorname> is a non-extendedname that identifies adeclared
dynamic cursor in an <SQL dynamic statement>.

33) If a <dynamic cursor name> is an <extended cursor name>, then the value of the <simple value
specification> simply contained in the <extended cursor name> is an extended name that identifies
an extended dynamic cursor in an <SQL dynamic statement>.

NOTE 138— The scope of a non-extended name is defined in Subclause 4.32.4, “Dynamic SQL statements and
descriptor areas”.

34) If a <dynamic cursor name> is a <PTF cursor name>, then the value of the <simple value specifica-
tion> simply contained in the <PTF cursor name> is a PTF extended name that identifies a PTF
dynamic cursor in a <dynamic fetch statement>.

NOTE 139— The scope of a PTF extended name is defined in Subclause 4.32.4, “Dynamic SQL statements and
descriptor areas”.

35) A <statement name> is a non-extended name that identifies a prepared statement created by the
execution of a <prepare statement>.

36) A <non-extended descriptor name> is a non-extended name that identifies an SQL descriptor area
created by the execution of an <allocate descriptor statement>.

37) If an extended dynamic cursor CSR is created in SQL-session SS by executing an <allocate extended
dynamic cursor statement> ACS that contains an <extended statement name> ESN1whose value
at the time of execution is V, then, for as long as it exists, CSR can be identified by an <extended
statement name> ESN2 in an <SQL procedure statement> PS2 executed in SS if the value of ESN2
at the time of execution is V and the <scope option> of ESN2 is the same as the <scope option> of
ESN1. If the <scope option> of ESN1 is LOCAL, then ESN2 identifies CSR only if PS2 is contained in
the same <SQL-client module definition> as ACS.

NOTE 140— The “value at the time of execution” is defined in the General Rules of Subclause 20.17, “<allocate
extended dynamic cursor statement>”.

38) If a PTF dynamic cursor PDC is created during the execution of a polymorphic table function PTF
on a virtual processor VPwith PTF extended name PEN, then, for as long as it exists, PDC can be
identified by a <PTF cursor name> PCN in a <dynamic fetch statement> DFS executed on VP if the
value of the <simple value specification> contained in PCN at the time of execution of DFS is PEN.

39) If an SQL descriptor area SDA is created in SQL-session SS by executing an <allocate descriptor
statement> ADS that contains an <extended descriptor name> ESN1whose value at the time of
execution is V, then, for as long as it exists, SDA can be identified by an <extended descriptor name>
ESN2 in an<SQLprocedure statement>PS2 executed in SS if the valueofESN2 at the timeof execution
isV and the <scope option>ofESN2 is the same as the <scope option>ofESN1. If the <scope option>
of ESN1 is LOCAL, then ESN2 identifies SDA only if PS2 is contained in the same <SQL-clientmodule
definition> as ADS.

NOTE 141— The “value at the time of execution” is defined in the General Rules of Subclause 20.2, “<allocate
descriptor statement>”.

40) If a PTF descriptor area PDA is created during the compilation of a polymorphic table function in
SQL-session SSwith PTF extended name PEN, or during execution of a polymorphic table function
PTF on a virtual processor VP in SQL-session SSwith PTF extended name PEN, then, for as long as
it exists, PDA can be identified by a <PTF descriptor name> PDN in an <SQL procedure statement>
PS2 executed in SS if the value of the <simple value specification> contained in PDN at the time of
execution is PEN.
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41) A <window name> identifies a window.

42) A <row pattern variable name> is a <correlation name> used to qualify the names of columns of a
row pattern input table during evaluation of a <row pattern recognition clause> or a <window
definition> that specifies window row pattern recognition.

43) 04 09 13 14 15 16A <measure name> identifies a row patternmeasure column or a row patternmeasure
function.

Conformance Rules

1) Without at least one of Feature R010, “Row pattern recognition: FROM clause”, or Feature R020,
“Row pattern recognition: WINDOW clause”, conforming SQL language shall not contain a <row
pattern variable name>.

2) Without FeatureT271, “Savepoints”, conformingSQL language shall not contain a<savepoint name>.

3) Without Feature T331, “Basic roles”, conforming SQL language shall not contain a <role name>.

4) WithoutFeatureT121, “WITH(excludingRECURSIVE) inqueryexpression”, conformingSQL language
shall not contain a <query name>.

5) Without Feature S023, “Basic structured types”, conforming SQL language shall not contain an
<attribute name>.

6) Without Feature T051, “Row types”, conforming SQL language shall not contain a <field name>.

7) Without Feature F651, “Catalog name qualifiers”, conforming SQL language shall not contain a
<catalog name>.

8) Without Feature F771, “Connection management”, conforming SQL language shall not contain an
explicit <connection name>.

9) Without Feature F690, “Collation support”, conforming SQL language shall not contain a <collation
name>.

10) Without Feature F695, “Translation support”, conforming SQL language shall not contain a
<transliteration name>.

11) Without Feature F695, “Translation support”, conforming SQL language shall not contain a
<transcoding name>.

12) Without Feature F821, “Local table references”, conforming SQL language shall not contain a <local
or schema qualifier> that contains a <local qualifier>.

13) Without Feature F251, “Domain support”, conforming SQL language shall not contain a <domain
name>.

14) Without Feature F491, “Constraint management”, conforming SQL language shall not contain a
<constraint name>.

15) Without Feature F461, “Named character sets”, conforming SQL language shall not contain a
<character set name>.

16) Without Feature T601, “Local cursor references”, in conforming SQL language, a <cursor name>
shall not contain a <local qualifier>.

17) Without Feature B030, “Enhanced dynamic SQL”, conforming SQL language shall not contain an
<extended statement name> or an <extended cursor name>.
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18) Without Feature B030, “Enhanced dynamic SQL”, conforming SQL language shall not contain a
<conventional descriptor name> that is not a <literal> or a <non-extended descriptor name>.

19) Without Feature B031, “Basic dynamic SQL”, conforming SQL language shall not contain an <SQL
statement name>.

20) Without Feature B031, “Basic dynamic SQL”, conforming SQL language shall not contain <conven-
tional dynamic cursor name>.

21) Without Feature B031, “Basic dynamic SQL”, conforming SQL language shall not contain a <conven-
tional descriptor name>.

22) Without Feature T612, “Advanced OLAP operations”, conforming SQL language shall not contain a
<window name>.

23) Without Feature T176, “Sequence generator support”, conforming SQL language shall not contain
a <sequence generator name>.

24) WithoutFeatureB035, “Non-extendeddescriptornames”, conformingSQL language shall not contain
a <conventional descriptor name> that is a <non-extended descriptor name>.

25) Without Feature B209, “PTF extended names”, conforming SQL language shall not contain a <PTF
descriptor name> or a <PTF descriptor name>.
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6 Scalar expressions

This Clause is modified by Clause 6, “Scalar expressions”, in ISO/IEC 9075-4.
This Clause is modified by Clause 6, “Scalar expressions”, in ISO/IEC 9075-9.
This Clause is modified by Clause 6, “Scalar expressions”, in ISO/IEC 9075-10.
This Clause is modified by Clause 6, “Scalar expressions”, in ISO/IEC 9075-13.
This Clause is modified by Clause 6, “Scalar expressions”, in ISO/IEC 9075-14.
This Clause is modified by Clause 6, “Scalar expressions”, in ISO/IEC 9075-15.
This Clause is modified by Clause 6, “Scalar expressions”, in ISO/IEC 9075-16.

6.1 <data type>
This Subclause is modified by Subclause 6.1, “<data type>”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 6.1, “<data type>”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 6.1, “<data type>”, in ISO/IEC 9075-15.

Function

Specify a data type.

Format
<data type> ::=

<predefined type>
| <row type>
| <path-resolved user-defined type name>
| <reference type>
| <collection type>

09  14 <predefined type> ::=
<character string type> [ CHARACTER SET <character set specification> ]
    [ <collate clause> ]

| <national character string type> [ <collate clause> ]
| <binary string type>
| <numeric type>
| <boolean type>
| <datetime type>
| <interval type>
| <JSON type>

<character string type> ::=
CHARACTER [ <left paren> <character length> <right paren> ]

| CHAR [ <left paren> <character length> <right paren> ]
| CHARACTER VARYING [ <left paren> <character maximum length> <right paren> ]
| CHAR VARYING [ <left paren> <character maximum length> <right paren> ]
| VARCHAR [ <left paren> <character maximum length> <right paren> ]
| <character large object type>

<character large object type> ::=
CHARACTER LARGE OBJECT [ <left paren> <character large object length> <right paren> ]

| CHAR LARGE OBJECT [ <left paren> <character large object length> <right paren> ]
| CLOB [ <left paren> <character large object length> <right paren> ]

<national character string type> ::=
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NATIONAL CHARACTER [ <left paren> <character length> <right paren> ]
| NATIONAL CHAR [ <left paren> <character length> <right paren> ]
| NCHAR [ <left paren> <character length> <right paren> ]
| NATIONAL CHARACTER VARYING [ <left paren> <character maximum length> <right paren> ]
| NATIONAL CHAR VARYING [ <left paren> <character maximum length> <right paren> ]
| NCHAR VARYING [ <left paren> <character maximum length> <right paren> ]
| <national character large object type>

<national character large object type> ::=
NATIONAL CHARACTER LARGE OBJECT [ <left paren> <character large object length> <right
paren> ]

| NCHAR LARGE OBJECT [ <left paren> <character large object length> <right paren> ]
| NCLOB [ <left paren> <character large object length> <right paren> ]

<binary string type> ::=
BINARY [ <left paren> <length> <right paren> ]

| BINARY VARYING [ <left paren> <maximum length> <right paren> ]
| VARBINARY [ <left paren> <maximum length> <right paren> ]
| <binary large object string type>

<binary large object string type> ::=
BINARY LARGE OBJECT [ <left paren> <large object length> <right paren> ]

| BLOB [ <left paren> <large object length> <right paren> ]

<numeric type> ::=
<exact numeric type>

| <approximate numeric type>
| <decimal floating-point type>

<exact numeric type> ::=
NUMERIC [ <left paren> <precision> [ <comma> <scale> ] <right paren> ]

| DECIMAL [ <left paren> <precision> [ <comma> <scale> ] <right paren> ]
| DEC [ <left paren> <precision> [ <comma> <scale> ] <right paren> ]
| SMALLINT
| INTEGER
| INT
| BIGINT

<approximate numeric type> ::=
FLOAT [ <left paren> <precision> <right paren> ]

| REAL
| DOUBLE PRECISION

<decimal floating-point type> ::=
DECFLOAT [ <left paren> <precision> <right paren> ]

<length> ::=
<unsigned integer>

<maximum length> ::=
<length>

<character length> ::=
<length> [ <char length units> ]

<character maximum length> ::=
<character length>

<large object length> ::=
<unsigned integer> [ <multiplier> ]

| <large object length token>

<character large object length> ::=
<large object length> [ <char length units> ]
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<char length units> ::=
CHARACTERS

| OCTETS

<precision> ::=
<unsigned integer>

<scale> ::=
<unsigned integer>

<boolean type> ::=
BOOLEAN

<datetime type> ::=
DATE

| TIME [ <left paren> <time precision> <right paren> ] [ <with or without time zone> ]
| TIMESTAMP [ <left paren> <timestamp precision> <right paren> ]

    [ <with or without time zone> ]

<with or without time zone> ::=
WITH TIME ZONE

| WITHOUT TIME ZONE

<time precision> ::=
<time fractional seconds precision>

<timestamp precision> ::=
<time fractional seconds precision>

<time fractional seconds precision> ::=
<unsigned integer>

<interval type> ::=
INTERVAL <interval qualifier>

<row type> ::=
ROW <row type body>

<row type body> ::=
<left paren> <field definition> [ { <comma> <field definition> }... ] <right paren>

<reference type> ::=
REF <left paren> <referenced type> <right paren> [ <scope clause> ]

<scope clause> ::=
SCOPE <table name>

<referenced type> ::=
<path-resolved user-defined type name>

<path-resolved user-defined type name> ::=
<user-defined type name>

15 <collection type> ::=
<array type>

| <multiset type>

<array type> ::=
<data type> ARRAY
    [ <left bracket or trigraph> <maximum cardinality> <right bracket or trigraph> ]

<maximum cardinality> ::=
<unsigned integer>

<multiset type> ::=
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<data type> MULTISET

<JSON type> ::=
JSON

Syntax Rules

1) CHAR is equivalent to CHARACTER. DEC is equivalent to DECIMAL. INT is equivalent to INTEGER.
VARCHAR is equivalent to CHARACTER VARYING. NCHAR is equivalent to NATIONAL CHARACTER.
CLOB is equivalent to CHARACTERLARGEOBJECT. NCLOB is equivalent toNATIONALCHARACTER
LARGE OBJECT. VARBINARY is equivalent to BINARY VARYING. BLOB is equivalent to BINARY
LARGE OBJECT.

2) “NATIONAL CHARACTER” is equivalent to the corresponding <character string type> with a spe-
cification of “CHARACTER SET CSN”, where “CSN” is an implementation-defined (IV194) <character
set name>.

3) If <character string type> is specified, then the collation derivation of the resulting character string
type is implicit.

Case:

a) If <collate clause> is specified, then the collation specified by it shall be applicable to the
explicit or implicit character set CS of the character string type. That collation is the declared
type collation of the character string type.

b) Otherwise, the character set collation ofCS is the declared type collation of the character string
type.

4) The value of a <length> shall be greater than 0 (zero).

5) If <length> is omitted, then a <length> of 1 (one) is implicit.

6) If <maximum length> is omitted, then an implementation-defined (IL007) <maximum length> is
implicit.

7) If <character maximum length> is omitted, then an implementation-defined (ID069) <character
maximum length> is implicit.

8) If <char length units> is specified, then the character repertoire of the explicit or implicit character
set of the character string type shall be UCS.

9) If <character length>CL is specified andCLdoes not contain <char length units>, thenCHARACTERS
is implicit.

10) If <large object length> is omitted, then an implementation-defined (ID068) <large object length>
is implicit.

11) The numeric value of a <large object length> LOL is determined as follows.

Case:

a) IfLOL immediately contains<unsigned integer>anddoesnot immediately contain<multiplier>,
then the numeric value of <large object length> is the numeric value of the specified<unsigned
integer>.

b) If LOL immediately contains <large object length token> or immediately contains <unsigned
integer> and <multiplier>, then let D be the value of the specified <unsigned integer> or the
numeric value of the sequence of <digit>s of <large object length token> interpreted as an
<unsigned integer>. The numeric value of LOL is the numeric value resulting from the multi-
plication of D andMS, whereMS is:
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i) If <multiplier> is K, then 1 024.

ii) If <multiplier> is M, then 1 048 576.

iii) If <multiplier> is G, then 1 073 741 824.

iv) If <multiplier> is T, then 1 099 511 627 776.

v) If <multiplier> is P, then 1 125 899 906 842 624.

12) LOL shall be greater than 0 (zero).

13) The numeric value of a <character large object length> CLOL is the numeric value of the <large
object length> contained in CLOL.

14) CHARACTER specifies the data type character string.

15) Characters in a character string are numbered beginning with 1 (one).

16) Case:

a) If the explicit or implicit <char length units> is CHARACTERS, then

Case:

i) If neither VARYING nor LARGEOBJECT is specified in <character string type>, then the
length in characters of the character string is fixed and is the value of <length>.

ii) If VARYING is specified in <character string type>, then the length in characters of the
character string is variable, with a minimum length of 0 (zero) and a maximum length
of the value of <length>.

iii) If LARGEOBJECT is specified in a <character string type>, then the length in characters
of the character string is variable, with a minimum length of 0 (zero) and a maximum
length of the value of <large object length>.

b) Otherwise:

i) If neither VARYING nor LARGEOBJECT is specified in <character string type>, then the
length in octets of the character string is fixed and is the value of <length>.

ii) If VARYING is specified in <character string type>, then the length in octets of the
character string is variable, with a minimum length of 0 (zero) and a maximum length
of the value of <length>.

iii) If LARGE OBJECT is specified in a <character string type>, then the length in octets of
the character string is variable, with a minimum length of 0 (zero) and a maximum
length of the value of <large object length>.

17) The maximum values of <length> and <large object length> are implementation-defined (IL042).
Neither <length>nor <large object length> shall be greater than the correspondingmaximumvalue.

18) If <character string type> is not contained in a <domain definition> or a <column definition> and
CHARACTER SET is not specified, then an implementation-defined (ID070) <character set specific-
ation> that specifies an implementation-defined (ID070) character set that contains at least every
character that is in <SQL language character> is implicit.

NOTE 142— Subclause 11.34, “<domain definition>”, and Subclause 11.4, “<column definition>”, specify the result
when <character string type> is contained in a <domain definition> or <column definition>, respectively.

19) BINARY specifies the data type binary string.

20) Octets in a binary string are numbered beginning with 1 (one).
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21) Case:

a) If neither VARYING nor LARGE OBJECT is specified in a <binary string type>, then the length
in octets of the binary string is fixed and is the value of <length>.

b) If VARYING is specified in a <binary string type>, then the length in octets of the binary string
is variable, with aminimum length of 0 (zero) and amaximum length of the value of <length>.

c) If LARGE OBJECT is specified in a <binary string type>, then the length in octets of the binary
string is variable, with a minimum length of 0 (zero) and a maximum length of the value of
<large object length>.

22) If a <precision> is omitted, then an implementation-defined (ID062) <precision> is implicit.

23) The value of a <precision> shall be greater than 0 (zero). If <data type> contains <decimal floating-
point type>, then the possible values of <precision> are implementation-defined (IA021).

24) If a <scale> is omitted, then a <scale> of 0 (zero) is implicit.

25) If an <exact numeric type> contains <scale>, then the value of <scale> shall not be greater than the
value of <precision> contained in that <exact numeric type>.

26) For each exact numeric type ENT, there is an implementation-defined (IV132) exact numeric type,
ENNF(ENT), known as the normal form of ENT (which may be ENT itself), such that:

a) The name of the data type of ENNF(ENT) is neither DEC nor INT.

b) The name of the data type of ENNF(DEC) is the same as the name of the data type of
ENNF(DECIMAL).

c) The name of the data type of ENNF(INT) is the same as the name of the data type of
ENNF(INTEGER).

d) The precision, scale, and radix of ENNF(ENT) are the same as the precision, scale, and radix,
respectively, of ENT.

e) ENNF(ENNF(ENT)) is the same as ENNF(ENT).

27) For the <exact numeric type>s DECIMAL and NUMERIC:

a) Themaximum value of <precision> is implementation-defined (IL043). <precision> shall not
be greater than this value.

b) Themaximumvalue of <scale> is implementation-defined (IL043). <scale> shall not be greater
than this maximum value.

28) NUMERIC specifies the data type exact numeric, with the decimal precision and scale specified by
the <precision> and <scale>.

29) DECIMAL specifies the data type exact numeric, with the decimal scale specified by the <scale> and
the implementation-defined (ID063) decimal precision equal to or greater than the value of the
specified <precision>.

30) SMALLINT, INTEGER, and BIGINT specify the data type exact numeric, with scale of 0 (zero) and
binary or decimal precision. The choice of binary versus decimal precision is implementation-
defined (IV032), but the same radix shall be chosen for all three data types. The precision of
SMALLINT shall be less than or equal to the precision of INTEGER, and the precision of BIGINT shall
be greater than or equal to the precision of INTEGER.

31) FLOAT specifies the data type approximate numeric, with binary precision equal to or greater than
the valueof the specified<precision>. Themaximumvalueof <precision> is implementation-defined
(IL053). <precision> shall not be greater than this value.
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32) REAL specifies thedata type approximate numeric,with implementation-defined (IV129)precision.

33) DOUBLE PRECISION specifies the data type approximate numeric, with implementation-defined
(IV130) precision that is greater than the implementation-defined (IV129) precision of REAL.

34) For the <approximate numeric type>s FLOAT, REAL, and DOUBLE PRECISION, the maximum and
minimum values of the exponent are implementation-defined (IL054).

35) DECFLOAT specifies the decimal floating-point type, with decimal precision equal to the value of
the specified <precision>.

36) For the decimal floating-point type with a given precision, the maximum and minimum values of
the exponent are implementation-defined (IL054).

37) For each approximate numeric type ANT, there is an implementation-defined (IV078) approximate
numeric type ANNF(ANT), known as the normal form of ANT (which may be ANT itself), such that:

a) The precision of ANNF(ANT) is the same as the precision of ANT.

b) ANNF(ANNF(ANT)) is the same as ANNF(ANT).

38) If <timeprecision> is not specified, then0 (zero) is implicit. If <timestampprecision> is not specified,
then 6 is implicit.

39) If <with or without time zone> is not specified, then WITHOUT TIME ZONE is implicit.

40) The maximum value of <time precision> and the maximum value of <timestamp precision> shall
be the same implementation-defined (IL045) value that is not less than 6. The values of <time pre-
cision> and <timestamp precision> shall not be greater than that maximum value.

41) The length of a DATE is 10 positions. The length of a TIMEWITHOUTTIME ZONE is 8 positions plus
the <time fractional seconds precision>, plus 1 (one) position if the <time fractional seconds preci-
sion> is greater than 0 (zero). The length of a TIMEWITHTIME ZONE is 14 positions plus the <time
fractional seconds precision> plus 1 (one) position if the <time fractional seconds precision> is
greater than 0 (zero). The length of a TIMESTAMPWITHOUT TIME ZONE is 19 positions plus the
<time fractional secondsprecision>, plus 1 (one) position if the <time fractional secondsprecision>
is greater than 0 (zero). The length of a TIMESTAMPWITH TIME ZONE is 25 positions plus the
<time fractional seconds precision> plus 1 (one) position if the <time fractional seconds precision>
is greater than 0 (zero).

42) An <interval type> specifying an <interval qualifier> whose <start field> and <end field> are both
eitherYEARorMONTHorwhose<singledatetimefield> isYEARorMONTH is a year-month interval
type. An <interval type> that is not a year-month interval type is a day-time interval type.

NOTE143—The lengthof interval data types is specified in theGeneral Rules of Subclause10.1, “<interval qualifier>”.

43) The i-th value of an interval data type corresponds to the i-th <primary datetime field>.

44) If <data type> is a <reference type>, then at least one of the following conditions shall be true:

a) There exists a user-defined type descriptor whose user-defined type name is <user-defined
type name> UDTN simply contained in <referenced type>. UDTN shall identify a structured
type.

b) <reference type> is contained in the <member list> of <user-defined type definition> UDTD
and the <path-resolved user-defined type name> simply contained in <referenced type> is
equivalent to the <schema-resolved user-defined type name> contained in UDTD.

45) The<tablename>contained in a<scope clause> shall identify a referenceable tablewhose structured
type is UDTN.
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46) The <table name> STN specified in <scope clause> identifies the scope of the reference type. This
scope consists of every row in the table identified by STN.

47) 15An <array type> AT specifies an array type. The <data type> immediately contained in AT is the
element type of the array type. The value of the <maximum cardinality> immediately contained in
AT is themaximum cardinality of a site of data type AT. If the maximum cardinality is not specified,
then an implementation-defined (ID072) maximum cardinality is implicit.

48) A <multiset type>MT specifies amultiset type. The <data type> immediately contained inMT is the
element type of the multiset type.

49) <row type> specifies the row type.

50) BOOLEAN specifies the Boolean type.

51) JSON specifies the data type JSON.

52) 09 14 If <data type> DT1 is contained in a <data type> DT2, then the root data type of DT1 is the out-
ermost <data type> that contains DT1.

Access Rules

1) If <user-defined type name>, <reference type>, <row type>, or <collection type> TY is specified,
and TY is usage-dependent on a user-defined type UDT, then

Case:

a) If TY is contained, without an intervening <SQL routine spec> that specifies SQL SECURITY
INVOKER, in an <SQL schema statement>, then the applicable privileges of the <authorization
identifier> that owns the containing schema shall include the USAGE privilege on UDT.

b) Otherwise, the current privileges shall include the USAGE privilege on UDT.

General Rules

1) If the result of any specification or operation would be a character string value one of whose char-
acters is not in the character set of its declared type, then an exception condition is raised: data
exception— character not in repertoire (22021).

2) If any specificationor operation attempts to cause an itemof a character string typewhose character
set has a character repertoire of UCS to contain a code point that is a noncharacter code point, then
an exception condition is raised: data exception— non-character in character string (22029).

3) If <char length units> other than CHARACTERS is specified, then the conversion of the value of
<length> to characters is implementation-defined (IA227).

4) For a <datetime type>,

Case:

a) If DATE is specified, then the data type contains the <primary datetime field>s years, months,
and days.

b) If TIME is specified, then the data type contains the <primary datetimefield>s hours,minutes,
and seconds.

c) If TIMESTAMP is specified, then the data type contains the <primary datetime field>s years,
months, days, hours, minutes, and seconds.

d) If WITH TIME ZONE is specified, then the data type contains the time zone datetime fields.
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NOTE 144—Within the non-null values of a <datetime type>, the value of the time zone interval is a valid
time zonedisplacement as specified in Subclause4.7.2, “Datetimes”. The range for time zone intervals is larger
than many readers expect because it is governed by political decisions in governmental bodies rather than
by any natural law; it is subject to change at any time for the same reasons.

NOTE 145— A <datetime type> contains no other fields than those specified by the preceding Rule.

5) For a <datetime type>, a <time fractional seconds precision> that is an explicit or implicit <time
precision> or <timestamp precision> defines the number of decimal digits following the decimal
point in the SECOND <primary datetime field>.

6) Table 13, “Valid values for datetime fields”, specifies the constraints on the values of the <primary
datetime field>s in datetime values.

Table 13— Valid values for datetime fields

Valid values of datetime fieldsKeyword

0001 to 9999YEAR

01 to 12MONTH

Within the range 1 (one) to 31, but further constrained by the value of
MONTHand YEARfields, according to the rules for the Gregorian calendar.

DAY

00 to 23HOUR

00 to 59MINUTE

00 to 61.9(N) where “9(N)” indicates a sequence ofN instances of the digit
“9” and “N” indicates the number of digits specified by <time fractional
seconds precision>.

SECOND

Ranging from an implementation-defined (IL061) negative number not
greater than −12 to an implementation-defined (IL062) positive number
not less than +14

TIMEZONE_HOUR

−59 to 59TIMEZONE_MINUTE

NOTE146—Datetimedata typeswill allowdates in theGregorian format to be stored in the date range 0001‒01‒01
CE through 9999‒12‒31 CE. The range for SECOND allows for as many as two “leap seconds”. Interval arithmetic
that involves leap seconds or discontinuities in calendars will produce implementation-defined (IA198) results.

7) If the value of any one ormore of the <primary datetime field>s in a datetime value does not satisfy
the constraints specified in Table 13, “Valid values for datetime fields”, then an exception condition
is raised: data exception— datetime field overflow (22008).

8) If The values of TIMEZONE_HOUR and TIMEZONE_MINUTE have opposite signs (one negative and
onepositive) or the values of either or bothTIMEZONE_HOURorTIMEZONE_MINUTEdonot satisfy
the constraints specified in Table 13, “Valid values for datetime fields”, then an exception condition
is raised: data exception— invalid time zone displacement value (22009).

9) An interval value can be zero, positive, or negative.

10) The values of the <primary datetime field>swithin an interval data type are constrained as follows:

a) The value corresponding to the first <primary datetime field> is an integer with at most N
digits, where N is the <interval leading field precision>.
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b) Table 14, “Valid absolute values for interval fields”, specifies the constraints for the absolute
values of other <primary datetime field>s in interval values.

c) If an interval value is zero, then all fields of the interval are zero.

d) If an interval value is positive, then all fields of the interval are non-negative and at least one
field is positive.

e) If an interval value is negative, then all fields of the interval are non-positive, and at least one
field is negative.

Table 14— Valid absolute values for interval fields

Valid values of INTERVAL fieldsKeyword

0 to 11MONTH

0 to 23HOUR

0 to 59MINUTE

0 to 59.9(N) where “9(N)” indicates a sequence of N instances of the digit “9” and
“N” indicates thenumberof digits specifiedby<interval fractional secondsprecision>
in the <interval qualifier>.

SECOND

11) If the value of any one or more of the <primary datetime field>s within an interval data type do not
satisfy the constraints specified in Table 14, “Valid absolute values for interval fields”, then an
exception condition is raised: data exception— datetime field overflow (22008).

12) If <data type> specifies a character string type, then a character string type descriptor is created,
including the following:

a) Thenameof thedata type (eitherCHARACTER, CHARACTERVARYING, or CHARACTERLARGE
OBJECT).

b) The length or maximum length in characters of the character string type.

c) The catalog name, schema name, and character set name of the character set of the character
string type.

d) The catalog name, schema name, and collation name of the declared type collation of the
character string type.

13) If <data type> is a binary string type, then a binary string type descriptor is created, including the
following:

a) The name of the data type (BINARY, BINARY VARYING, or BINARY LARGE OBJECT).

b) The length or maximum length in octets of the binary string type.

14) If <data type>DT specifies an <exact numeric type>, then a numeric data type descriptor is created
for DT, including the following:

a) The name of the data type of the normal form of DT (NUMERIC, DECIMAL, BIGINT, INTEGER,
or SMALLINT).

b) The precision of the normal form of DT.

c) The scale of the normal form of DT.
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d) An indication of whether the precision and scale of the normal form of DT are expressed in
decimal or binary terms.

e) The name of the data type specified byDT. If an abbreviated namewas specified (INT or DEC),
then the name included in the descriptor is that of corresponding full form (INTEGER or
DECIMAL, respectively).

f) The explicit precision of DT, if specified.

g) The explicit scale of DT, if specified.

15) If <data type> DT specifies an <approximate numeric type>, then a numeric data type descriptor
is created for DT including the following:

a) The name of the data type of the normal form of DT (FLOAT, REAL, or DOUBLE PRECISION).

b) The precision of the normal form of DT.

c) An indication that the precision is expressed in binary terms.

d) The name of the data type specified by DT.

e) The explicit precision of DT, if specified.

16) If <data type> specifies <boolean type>, then a Boolean data type descriptor is created, including
the name of the Boolean type (BOOLEAN).

17) If <data type> specifies a <datetime type>, then adatetimedata typedescriptor is created, including
the following:

a) The name of the datetime type (DATE, TIMEWITHOUT TIME ZONE, TIMEWITH TIME ZONE,
TIMESTAMPWITHOUT TIME ZONE, or TIMESTAMPWITH TIME ZONE).

b) The value of the <time fractional seconds precision>, if DATE is not specified.

18) If <data type>DT specifiesdecimal floating-point type, then anumeric data typedescriptor is created
for DT, including the following:

a) The name of the data type (DECFLOAT).

b) The precision of DT.

c) An indication that the precision is expressed in decimal terms.

19) If <data type> specifies an <interval type>, then an interval data type descriptor is created, including
the following:

a) The name of the interval data type (INTERVAL).

b) An indication ofwhether the interval data type is a year-month interval or a day-time interval.

c) The <interval qualifier> simply contained in the <interval type>.

20) If <data type> is a <collection type>, then a collection type descriptor is created. Let KC be the kind
of collection specified by <collection type>. Let ET be the element type of <collection type>. Let ETD
be the type designator of ET. The collection type descriptor includes the type designator EDT KC,
an indication of KC, the descriptor of ET.

Case:

a) 15 If KC is ARRAY, then the collection type descriptor additionally includes the maximum car-
dinality.
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21) For a <row type> RT, the degree of RT is initially set to 0 (zero). The General Rules of Subclause 6.2,
“<field definition>”, specify the degree of RT during the definition of the fields of RT.

22) If the <data type> is a <row type>, then a row type descriptor is created. The row type descriptor
includes a field descriptor for every <field definition> of the <row type>, according to the Syntax
Rules and General Rules of Subclause 6.2, “<field definition>”, applied to the <field definition>s in
the order in which they were specified.

23) A <reference type> identifies a reference type.

24) 14 If <data type> is a <reference type>, then a reference type descriptor is created. Let RDTN be the
name of the <referenced type>. The reference type descriptor includes the type designator
REF(RDTN). If a <scope clause> is specified, then the reference type descriptor includes STN,
identifying the scope of the reference type.

NOTE 147— The user-defined type descriptor for a user-defined type is created in the General Rules of
Subclause 11.51, “<user-defined type definition>”.

25) 09 If <data type> specifies <JSON type>, then a JSON data type descriptor is created, including the
name of the JSON type (JSON).

Conformance Rules

1) Without Feature S023, “Basic structured types”, conformingSQL language shall not contain a<path-
resolved user-defined type name> that identifies a structured type.

2) Without FeatureT031, “BOOLEANdata type”, conforming SQL language shall not contain a <boolean
type>.

3) Without Feature F555, “Enhanced seconds precision”, conforming SQL language shall not contain
a <time precision> that does not specify 0 (zero).

4) Without Feature F555, “Enhanced seconds precision”, conforming SQL language shall not contain
a <timestamp precision> that does not specify either 0 (zero) or 6.

5) Without Feature F052, “Intervals and datetime arithmetic”, conforming SQL language shall not
contain an <interval type>.

6) Without Feature F421, “National character”, conforming SQL language shall not contain a <national
character string type>

7) Without Feature F411, “Time zone specification”, conforming SQL language shall not contain <with
or without time zone>.

8) Without Feature S041, “Basic reference types”, conforming SQL language shall not contain a <refer-
ence type>.

9) Without Feature T051, “Row types”, conforming SQL language shall not contain a <row type>.

10) Without Feature S090, “Minimal array support”, conforming SQL language shall not contain an
<array type>.

11) Without Feature S271, “Basic multiset support”, conforming SQL language shall not contain a
<multiset type>.

12) Without Feature S281, “Nested collection types”, conforming SQL language shall not contain a col-
lection type that is based on a <data type> that contains a <collection type>.

13) Without Feature S043, “Enhanced reference types”, conforming SQL language shall not contain a
<scope clause> that is not simply contained in a <data type> that is simply contained in a <column
definition>.
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14) Without Feature S092, “Arrays of user-defined types”, conforming SQL language shall not contain
an <array type> that is based on a <data type> that contains a <path-resolved user-defined type
name>.

15) Without Feature S093, “Arrays of distinct types”, conforming SQL language shall not contain an
<array type> that is based on a <data type> that is a distinct type.

16) Without Feature S272, “Multisets of user-defined types”, conformingSQL language shall not contain
a <multiset type> that is based on a <data type> that contains a <path-resolved user-defined type
name>.

17) Without Feature S094, “Arrays of reference types”, conforming SQL language shall not contain an
<array type> that is based on a <data type> that contains a <reference type>.

18) Without Feature S274, “Multisets of reference types”, conforming SQL language shall not contain
a <multiset type> that is based on a <data type> that contains a <reference type>.

19) Without Feature S096, “Optional array bounds”, conforming SQL language shall not contain an
<array type> that does not immediately contain <maximum cardinality>.

20) WithoutFeatureT045, “BLOBdata type”, conformingSQL language shall not contain a<binary large
object string type>.

21) Without Feature T046, “CLOB data type”, conforming SQL language shall not contain a <character
large object type>, or a <national character large object type>.

22) Without Feature T081, “Optional string types maximum length”, conforming SQL language shall
not contain a <character string type> that specifies VARYING and does not immediately contain
<character maximum length>.

23) Without Feature T062, “Character length units”, conforming SQL language shall not contain a <char
length units>.

24) Without Feature T071, “BIGINT data type”, conforming SQL language shall not contain BIGINT.

25) Without Feature T021, “BINARY and VARBINARY data types”, conforming SQL language shall not
contain a <binary string type> that is not a <binary large object string type>.

26) Without Feature T081, “Optional string types maximum length”, conforming SQL language shall
not contain a <binary string type> that specifies VARYING and does not immediately contain
<maximum length>.

27) Without FeatureT076, “DECFLOATdata type”, conformingSQL language shall not contain a<decimal
floating-point type>.

28) 09 14 15Without Feature T801, “JSON data type”, conforming SQL language shall not contain a <JSON
type>.
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6.2 <field definition>
This Subclause is modified by Subclause 6.2, “<field definition>”, in ISO/IEC 9075-14.

Function

Define a field of a row type.

Format
<field definition> ::=
<field name> <data type>

Syntax Rules

1) Let RT be the <row type> that simply contains a <field definition>.

2) The <field name> shall not be equivalent to the <field name> of any other <field definition> simply
contained in RT.

3) The declared type of the field is <data type>.

4) Let DT be the <data type>.

5) IfDT is CHARACTER or CHARACTER VARYING and does not specify a <character set specification>,
then the<character set specification>specifiedor implicit in the<schemacharacter set specification>
is implicit.

Access Rules

None.

General Rules

1) A data type descriptor is created that describes the declared type of the field being defined.

2) The degree of the row type RT being defined in the simply containing <row type> is increased by
1 (one).

3) A field descriptor is created that describes the field being defined. The field descriptor includes the
following:

a) The <field name>.

b) The data type descriptor of the declared type of the field.

c) The ordinal position of the field.
NOTE 148— The ordinal position of the field is equal to the degree of RT at the time this <field definition> is
being processed.

4) The field descriptor is included in the row type descriptor for RT.

© ISO/IEC 2023 – All rights reserved 219

ISO/IEC 9075-2:2023(E)
6.2 <field definition>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


Conformance Rules

1) 14Without FeatureT051, “Row types”, conformingSQL language shall not contain a<fielddefinition>.
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6.3 <value expression primary>
This Subclause is modified by Subclause 6.3, “<value expression primary>”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 6.2, “<value expression primary>”, in ISO/IEC 9075-15.
This Subclause is modified by Subclause 6.1, “<value expression primary>”, in ISO/IEC 9075-16.

Function

Specify a value that is syntactically self-delimited.

Format
<value expression primary> ::=

<parenthesized value expression>
| <non-parenthesized value expression primary>

<parenthesized value expression> ::=
<left paren> <value expression> <right paren>

14  15  16 <non-parenthesized value expression primary> ::=
<unsigned value specification>

| <column reference>
| <set function specification>
| <window function>
| <nested window function>
| <scalar subquery>
| <case expression>
| <cast specification>
| <field reference>
| <subtype treatment>
| <method invocation>
| <static method invocation>
| <new specification>
| <attribute or method reference>
| <reference resolution>
| <collection value constructor>
| <array element reference>
| <multiset element reference>
| <next value expression>
| <routine invocation>
| <greatest or least function>
| <row pattern navigation operation>
| <JSON value function>
| <JSON value constructor>
| <JSON query>
| <JSON simplified accessor>

15 <collection value constructor> ::=
<array value constructor>

| <multiset value constructor>

Syntax Rules

1) 14 15 16Thedeclared type of a <value expressionprimary> is the declared type of the simply contained
<valueexpression>, <unsignedvalue specification>, <columnreference>, <set functionspecification>,
<window function>, <nested window function>, <scalar subquery>, <case expression>, <cast spe-
cification>, <field reference>, <subtype treatment>, <method invocation>, <staticmethod invocation>,
<new specification>, <attribute or method reference>, <reference resolution>, <collection value
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constructor>, <array element reference>, <multiset element reference>, <next value expression>,
<greatest or least function>, <row pattern navigation operation>, <JSON value function>, <JSON
value constructor>, <JSON query>, <JSON simplified accessor>, or the effective returns type of the
simply contained <routine invocation>.

2) LetNVEP be a <non-parenthesized value expression primary> of the form “A.B C”, where A satisfies
the Format of <schema name>, B satisfies the Format of <identifier>, and C satisfies the Format of
<SQL argument list>. IfNVEP satisfies the Format, Syntax Rules, andAccess Rules of Subclause 6.18,
“<method invocation>”, thenNVEP is treated as a <method invocation>; otherwise,NVEP is treated
as a <routine invocation>.

NOTE149—The formal grammar defined in the Format and SyntaxRules of Subclause 6.18, “<method invocation>”,
and of Subclause 9.18, “Invoking an SQL-invoked routine”, does not necessarily disambiguate between a <method
invocation> and the invocation of a regular function. In such cases, the preceding Syntax Rule ensures that a <non-
parenthesized value expression primary> that satisfies the Format, SyntaxRules, andAccess Rules of Subclause 6.18,
“<method invocation>”, is treated as a <method invocation>.

3) 15The declared type of a <collection value constructor> is the declared type of the <array value
constructor> or <multiset value constructor> that it immediately contains.

Access Rules

None.

General Rules

1) 14 15 16The value of a <value expression primary> is the value of the simply contained <value
expression>, <unsigned value specification>, <column reference>, <set function specification>,
<window function>, <nested window function>, <scalar subquery>, <case expression>, <cast spe-
cification>, <field reference>, <subtype treatment>, <method invocation>, <staticmethod invocation>,
<new specification>, <attribute or method reference>, <reference resolution>, <collection value
constructor>, <array element reference>, <multiset element reference>, <next value expression>,
<greatest or least function>, <row pattern navigation operation>, <JSON value function>, <JSON
value constructor>, <JSON query>, <JSON simplified accessor> or <routine invocation>.

2) 15The value of a <collection value constructor> is the value of the <array value constructor> or
<multiset value constructor> that it immediately contains.

Conformance Rules

15None.
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6.4 <value specification> and <target specification>
This Subclause is modified by Subclause 6.1, “<value specification> and <target specification>”, in ISO/IEC
9075-4.
This Subclause is modified by Subclause 6.1, “<value specification> and <target specification>”, in ISO/IEC
9075-10.
This Subclause is modified by Subclause 6.4, “<value specification> and <target specification>”, in ISO/IEC
9075-14.

Function

Specify one or more values, host parameters, SQL parameters, dynamic parameters, or host variables.

Format
<value specification> ::=

<literal>
| <general value specification>

<unsigned value specification> ::=
<unsigned literal>

| <general value specification>

04 <general value specification> ::=
<host parameter specification>

| <SQL parameter reference>
| <dynamic parameter specification>
| <embedded variable specification>
| <current collation specification>
| CURRENT_CATALOG
| CURRENT_DEFAULT_TRANSFORM_GROUP
| CURRENT_PATH
| CURRENT_ROLE
| CURRENT_SCHEMA
| CURRENT_TRANSFORM_GROUP_FOR_TYPE <path-resolved user-defined type name>
| CURRENT_USER
| SESSION_USER
| SYSTEM_USER
| USER
| VALUE

04 <simple value specification> ::=
<literal>

| <host parameter name>
| <SQL parameter reference>
| <embedded variable name>

04  14 <target specification> ::=
<host parameter specification>

| <SQL parameter reference>
| <column reference>
| <target array element specification>
| <dynamic parameter specification>
| <embedded variable specification>

04 <simple target specification> ::=
<host parameter name>

| <SQL parameter reference>
| <column reference>
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| <embedded variable name>

<host parameter specification> ::=
<host parameter name> [ <indicator parameter> ]

<dynamic parameter specification> ::=
<question mark>

<embedded variable specification> ::=
<embedded variable name> [ <indicator variable> ]

<indicator variable> ::=
[ INDICATOR ] <embedded variable name>

<indicator parameter> ::=
[ INDICATOR ] <host parameter name>

<target array element specification> ::=
<target array reference>

<left bracket or trigraph> <simple value specification> <right bracket or trigraph>

04 <target array reference> ::=
<SQL parameter reference>

| <column reference>

<current collation specification> ::=
COLLATION FOR <left paren> <string value expression> <right paren>

Syntax Rules

1) The declared type of an <indicator parameter> shall be exact numeric with scale 0 (zero).

2) Each <host parameter name> shall be contained in an <SQL-client module definition>.

3) If USER is specified, then CURRENT_USER is implicit.
NOTE 150— In an environment where the SQL-implementation conforms to Core SQL, conforming SQL language
that contains either:

— A specified or implied <comparison predicate> that compares the <value specification> USER with a <value
specification> other than USER, or

— A specified or implied assignment in which the “value” (as defined in Subclause 9.2, “Store assignment”)
contains the <value specification> USER

will become non-conforming in an environment where the SQL-implementation conforms to some SQL feature that
supports character internationalization, unless the character repertoire of the implementation-defined (IA029)
character set in that environment is identical to the character repertoire of SQL_IDENTIFIER.

4) The declared type of CURRENT_USER, CURRENT_ROLE, SESSION_USER, SYSTEM_USER, CUR-
RENT_CATALOG, CURRENT_SCHEMA, and CURRENT_PATH is character string. Whether the char-
acter string is fixed-length or variable-length, and its length if it is fixed-length or maximum length
if it is variable-length, are implementation-defined (IV133). The character set of the character string
is SQL_IDENTIFIER. The declared type collation is the character set collation of SQL_IDENTIFIER,
and the collation derivation is implicit.

5) Thedeclared type of <string value expression> simply contained in <current collation specification>
shall be character string. The declared type of <current collation specification> is character string.
Whether the character string is fixed-length or variable-length, and its length if fixed-length or
maximum length if variable-length, are implementation-defined (IV133). The character set of the
character string is SQL_IDENTIFIER. The collation is the character set collation of SQL_IDENTIFIER,
and the collation derivation is implicit.
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6) The <value specification>or <unsigned value specification>VALUE shall be contained in a <domain
constraint>. The declared type of an instance of VALUE is the declared type of the domain to which
that domain constraint belongs.

7) A <target specification>, <target array reference>, or <simple target specification> that is a <column
reference> shall be a new transition variable column reference.

NOTE 151— “new transition variable column reference” is defined in Subclause 6.6, “<identifier chain>”.

8) If <target array element specification> is specified, then:

a) The declared type of the <target array reference> shall be an array type or a distinct type
whose source type is an array type.

b) Thedeclared typeof a <target array element specification> is the element typeof the specified
<target array reference>.

c) The declared type of <simple value specification> shall be exact numeric with scale 0 (zero).

9) The declared type of an <indicator variable> shall be exact numeric with a scale of 0 (zero).

10) Each <embedded variable name> shall be contained in an <embedded SQL statement>.

11) Each <dynamic parameter specification> shall be contained in a <preparable statement> that is
dynamically prepared in the current SQL-session through the execution of a <prepare statement>.

NOTE 152— The declared type of a <dynamic parameter specification> is determined by the General Rules for
Subclause 20.7, “<prepare statement>”.

12) 10 14The declared type of CURRENT_DEFAULT_TRANSFORM_GROUP and of CURRENT_TRANS-
FORM_GROUP_FOR_TYPE <path-resolved user-defined type name> is a character string. Whether
the character string is fixed-length or variable-length, and its length if fixed-length or maximum-
length if variable length, are implementation-defined (IV133). The character set of the character
string is SQL_IDENTIFIER. The declared type collation is the character set collation of SQL_IDENTI-
FIER, and the collation derivation is implicit.

Access Rules

None.

General Rules

1) A <value specification> or <unsigned value specification> specifies a value that is not selected from
a table.

2) A <host parameter specification> identifies a host parameter or a host parameter and an indicator
parameter in an <SQL-client module definition>.

3) 04A <target specification> specifies a target that is a host parameter, an output SQL parameter, a
column of a new transition variable, an element of a target whose declared type is an array type or
a distinct type whose source type is an array type, a parameter used in a dynamically prepared
statement, or a host variable, according to whether the <target specification> is a <host parameter
specification>, an <SQL parameter reference>, a <column reference>, a <target array element spe-
cification>, a <dynamic parameter specification>, or an <embedded variable specification>,
respectively.

4) If a <host parameter specification> contains an <indicator parameter> and the value of the indicator
parameter is negative, then the value specified by the <host parameter specification> is the null
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value; otherwise, the value specified by a <host parameter specification> is the value of the host
parameter identified by the <host parameter name>.

5) The value specified by a <literal> is the value represented by that <literal>.

6) The value specified by CURRENT_USER is

Case:

a) If there is a current user identifier, then the value of that current user identifier.

b) Otherwise, the null value.

7) The value specified by SESSION_USER is the value of the SQL-session user identifier.

8) The value specified by CURRENT_ROLE is

Case:

a) If there is a current role name, then the value of that current role name.

b) Otherwise, the null value.

9) The value specified by SYSTEM_USER is equal to an implementation-defined (IV079) string that
represents the operating system user who executed the SQL-client module that contains the
externally-invoked procedure whose execution caused the SYSTEM_USER <general value specific-
ation> to be evaluated.

10) The value specified by CURRENT_CATALOG is the character string that represents the current
default catalog name.

11) The value specifiedbyCURRENT_SCHEMA is the character string that represents the current default
unqualified schema name.

12) The value specified by CURRENT_PATH is a <schema name list> where <catalog name>s are
<delimited identifier>s and the <unqualified schema name>s are <delimited identifier>s. Each
<schemaname> is separated from thepreceding<schemaname>bya<comma>withno intervening
<separator>s. The schemas referenced in this <schema name list> are those referenced in the SQL-
path of the current SQL-session context, in the order in which they appear in that SQL-path.

13) The value specified by <current collation specification> is the name of the collation of the <string
value expression>.

14) If a <simple value specification> evaluates to the null value, then an exception condition is raised:
data exception— null value not allowed (22004).

15) 04A<simple target specification> specifies a target that is a host parameter, an output SQLparameter,
a column of a new transition variable, or a host variable, according to whether the <simple target
specification> is a <host parameter name>, an <SQL parameter reference>, a <column reference>,
or an <embedded variable name>, respectively.

NOTE 153— A <simple target specification> can never be assigned the null value.

16) If a <target specification> or <simple target specification> is assigned a value that is the zero-length
character string or the zero-length binary string, then it is implementation-defined (IA213)whether
an exception condition is raised: data exception— zero-length character string (2200F) or data
exception— zero-length binary string (2201Y), respectively.

17) A <dynamic parameter specification> identifies a parameter used by a dynamically prepared
statement.

18) An <embedded variable specification> identifies a host variable or a host variable and an indicator
variable.

226 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
6.4 <value specification> and <target specification>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


19) If an <embedded variable specification> contains an <indicator variable> and the value of the
indicator variable is negative, then the value specified by the <embedded variable specification> is
the null value; otherwise, the value specified by an <embedded variable specification> is the value
of the host variable identified by the <embedded variable name>.

20) The value specified by CURRENT_DEFAULT_TRANSFORM_GROUP is the character string that rep-
resents the default transform group name in the SQL-session context.

21) The value specified by CURRENT_TRANSFORM_GROUP_FOR_TYPE <path-resolved user-defined
type name> is the character string that represents the transform group name associated with the
data type specified by <path-resolved user-defined type name>.

Conformance Rules

1) Without Feature S071, “SQL paths in function and type name resolution”, conforming SQL language
shall not contain a <general value specification> that contains CURRENT_PATH.

2) Without Feature F251, “Domain support”, conforming SQL language shall not contain a <general
value specification> that contains VALUE.

3) Without Feature F321, “User authorization”, conforming SQL language shall not contain a <general
value specification> that contains CURRENT_USER, SYSTEM_USER, or SESSION_USER.

NOTE 154—Although CURRENT_USER and USER are semantically the same, without Feature F321, “User authoriz-
ation”, CURRENT_USER must be specified as USER.

4) WithoutFeatureT332, “Extendedroles”, conformingSQL language shall not containCURRENT_ROLE.

5) Without Feature F762, “CURRENT_CATALOG”, conforming SQL language shall not contain a<general
value specification> that contains CURRENT_CATALOG.

6) Without Feature F763, “CURRENT_SCHEMA”, conforming SQL language shall not contain a <general
value specification> that contains CURRENT_SCHEMA.

7) Without Feature F611, “Indicator data types”, in conforming SQL language, the declared types of
<indicatorparameter>s and<indicator variable>s shall be the same implementation-defined(IV080)
data type.

8) Without FeatureB031, “Basic dynamic SQL”, conforming SQL language shall not contain a <dynamic
parameter specification>.

9) Without Feature S097, “Array element assignment”, conforming SQL language shall not contain a
<target array element specification>.

10) Without Feature S241, “Transform functions”, conforming SQL language shall not contain CUR-
RENT_DEFAULT_TRANSFORM_GROUP.

11) Without Feature S241, “Transform functions”, conforming SQL language shall not contain CUR-
RENT_TRANSFORM_GROUP_FOR_TYPE.

12) Without Feature F693, “SQL-session and client module collations”, conforming SQL language shall
not contain <current collation specification>.
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6.5 <contextually typed value specification>

Function

Specify a value whose data type is to be inferred from its context.

Format
<contextually typed value specification> ::=

<implicitly typed value specification>
| <default specification>

<implicitly typed value specification> ::=
<null specification>

| <empty specification>

<null specification> ::=
NULL

<empty specification> ::=
ARRAY <left bracket or trigraph> <right bracket or trigraph>

| MULTISET <left bracket or trigraph> <right bracket or trigraph>

<default specification> ::=
DEFAULT

Syntax Rules

1) If <empty specification> ES is specified, then let ET be the element type determined by the context
in which ES appears. The declared type DT of ES is

Case:

a) If ES simply contains ARRAY, then ET ARRAY[0].

b) If ES simply contains MULTISET, then ETMULTISET.

ES is effectively replaced by CAST ( ES AS DT ).
NOTE155— In every such context,ES is uniquely associatedwith some expression or site of declared typeDT, which
thereby becomes the declared type of ES.

2) The declared typeDT of a <null specification>NS is determined by the context inwhichNS appears.
NS is effectively replaced by CAST ( NS AS DT ).

NOTE 156— In every such context, NS is uniquely associated with some expression or site of declared type DT,
which thereby becomes the declared type of NS.

3) The declared type DT of a <default specification> DS is the declared type of a <default option> DO
included in some site descriptor, determined by the context in which DS appears. DS is effectively
replaced by CAST ( DO AS DT ).

NOTE 157— In every such context, DS is uniquely associated with some site of declared type DT, which thereby
becomes the declared type of DS.

Access Rules

None.
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General Rules

1) An <empty specification> specifies a collection whose cardinality is zero.

2) A <null specification> specifies the null value.

3) A <default specification> specifies the default value of some associated item.

Conformance Rules

1) Without Feature S090, “Minimal array support”, conforming SQL language shall not contain an
<empty specification> that simply contains ARRAY.

2) Without Feature S271, “Basic multiset support”, conforming SQL language shall not contain an
<empty specification> that simply contains MULTISET.
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6.6 <identifier chain>
This Subclause is modified by Subclause 6.2, “<identifier chain>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 6.4, “<identifier chain>”, in ISO/IEC 9075-15.
This Subclause is modified by Subclause 6.2, “<identifier chain>”, in ISO/IEC 9075-16.

Function

Disambiguate a period-separated chain of identifiers.

Format
<identifier chain> ::=
<identifier> [ { <period> <identifier> }... ]

<basic identifier chain> ::=
<identifier chain>

Syntax Rules

1) Let IC be an <identifier chain>.

2) Let N be the number of <identifier>s immediately contained in IC.

3) Let Ii, 1 (one) ≤ i ≤ N, be the <identifier>s immediately contained in IC, in order from left to right.

4) Let PIC1 = I1. For each j between 2 and N, let PICj = PICj−1 <period> Ij. PICj is called the j-th partial
identifier chain of IC.

5) LetM be the minimum of N and 4.

6) A column C is said to be refinable if the declared type of C is a row type, a JSON type, or a structured
type.

7) 04 16An SQL parameter P is said to be refinable if the declared type of P is a row type, a JSON type,
or a structured type.

8) 04For atmost one j between 1 (one) andM, PICj is called the basis of IC, and j is called the basis length
of IC. The referent of the basis is a column C or a period P of a table or an SQL parameter SP.

9) 16The basis, basis length, basis scope, and basis referent of IC are determined as follows:

a) If N = 1 (one), then

Case:

i) If IC is contained in an <order by clause> simply contained in a <query expression>
QE, and the result of QE has a column DCwhose column name is equivalent to IC, then
PIC1 is a candidate basis, the scope of PIC1 is QE, and the referent of PIC1 is the column
DC.

ii) Otherwise:

1) IC shall be contained in one of the following:

A) The scope of one or more range variables whose associated column lists
include a column whose <column name> is equivalent to I1.
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B) The scope of one or more range variables whose associated period lists
include a period whose period name is equivalent to I1.

C) 04 15The scope of a <routine name> whose associated <SQL parameter
declaration list> includes an SQL parameterwhose <SQL parameter name>
is equivalent to I1.

2) Let IS be the innermost such scope. Let the phrase possible scope tags denote
those range variables and <routine name>s whose scope is IS. The number of
possible scope tags shall be 1 (one). Let IPST be that possible scope tag.

NOTE 158— “range variable” is defined in Subclause 4.17.11, “Range variables”. It is possible
for two distinct range variables to be equivalent if their scopes are different.

Case:

A) If IPST is a range variable RV, then let T be the table associated with RV.

I) For every columnC in the associated column list ofRVwhose<column
name> is equivalent to I1, PIC1 is a candidate basis of IC, the scope
of PIC1 is the scope of RV, and the referent of PIC1 is C.

NOTE 159— Two or more columns with equivalent column names are distin-
guished by their ordinal positions within T.

II) For every period P in the associated period list of RVwhose period
name is equivalent to I1, PIC1 is a candidate basis of IC, the scope of
PIC1 is the scope of RV, and the referent of PIC1 is P.

B) 04 15 If IPST is a <routine name>, then let SP be the SQL parameter whose
<SQL parameter name> is equivalent to I1. PIC1 is the basis of IC, the basis
length is 1 (one), the basis scope is the scope of SP, and the basis referent
is SP.

C) If IPST is the universal row pattern variable URPV of a <row pattern recog-
nition clause> or <window clause>, then IC is equivalent to URPV.PIC1.

NOTE160—Theuniversal rowpattern variable is createdby a syntactic transformation
defined in Subclause 7.9, “<row pattern common syntax>”.

b) IfN > 1 (one), then the basis, basis length, basis scope, and basis referent are defined in terms
of a candidate basis as follows:

i) If IC is contained in the scope of a <routine name> whose associated <SQL parameter
declaration list> includes an SQL parameter SPwhose <SQL parameter name> is
equivalent to I1, then PIC1 is a candidate basis of IC, the scope of PIC1 is the scope of
SP, and the referent of PIC1 is SP.

ii) If N = 2 and PIC1 is equivalent to the <qualified identifier> of a <routine name> RN
whose scope contains IC and whose associated <SQL parameter declaration list>
includes an SQL parameter SPwhose <SQL parameter name> is equivalent to I2, then
PIC2 is a candidate basis of IC, the scope of PIC2 is the scope of SP, and the referent of
PIC2 is SP.

iii) 04 If N > 2 and PIC1 is equivalent to the <qualified identifier> of a <routine name> RN
whose scope contains IC and whose associated <SQL parameter declaration list>
includes a refinable SQL parameter SPwhose <SQL parameter name> is equivalent to
I2, then PIC2 is a candidate basis of IC, the scope of PIC2 is the scope of SP, and the ref-
erent of PIC2 is SP.
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iv) 16 If N >= 2 and PIC1 is equivalent to an exposed <correlation name> that is in scope,
then let EN be the exposed <correlation name> that is equivalent to PIC1 and has
innermost scope.

1) 16 If N = 2 and EN is an exposed <correlation name>, then:
NOTE 161— The condition “EN is an exposed <correlation name>” is always true when
applying only the Syntax Rules of this Subclause in this document. It is not always true and
thus needed when also taking into account the Syntax Rules of the corresponding Subclauses
in other parts of the ISO/IEC 9075 series.

A) For every column C in the associated column list of ENwhose <column
name> is equivalent to I2, PIC2 is a candidate basis of IC, the scope of PIC2
is the scope of EN, and the referent of PIC2 is C.

B) For every period P in the associated period list of ENwhose period name
is equivalent to I2, PIC2 is a candidate basis of IC, the scope of PIC2 is the
scope of EN, and the referent of PIC2 is P.

2) 16 If N > 2 and EN is an exposed <correlation name>, then for every refinable
column C in the associated column list of ENwhose <columnname> is equivalent
to I2, PIC2 is a candidate basis of IC, the scope of PIC2 is the scope of EN, and the
referent of PIC2 is C.

NOTE 162— The condition “EN is an exposed <correlation name>” is always true when
applying only the Syntax Rules of this Subclause in this document. It is not always true and
thus needed when also taking into account the Syntax Rules of the corresponding Subclauses
in other parts of the ISO/IEC 9075 series.

v) If N = 2, 3, or 4, and if PICN−1 is equivalent to an exposed <table or query name> that
is in scope, then let EN be the exposed <table or query name> that is equivalent to
PICN−1 and has the innermost scope.

1) For every column C in the associated column list of ENwhose <column name> is
equivalent to IN, PICN is a candidate basis of IC, the scope of PICN is the scope of
EN, and the referent of PICN is C.

2) For every period P in the associated period list of ENwhose period name is
equivalent to IN, PICN is a candidate basis of IC, the scope of PICN is the scope of
EN, and the referent of PICN is P.

c) There shall be exactly one candidate basis CB. The basis of IC is CB. The basis length is the
length of CB. The basis scope is the scope of CB. The referent of IC is the referent of CB.

10) Let BL be the basis length of IC.

11) If BL < N, then IC is equivalent to:

( PICBL ) <period>
IBL+1 <period> ...
<period> IN

04NOTE 163— In this transformation, (PICBL ) is interpreted as a <value expression primary> of the form <left
paren> <value expression> <right paren>. PICBL is a <value expression> that is a <value expression primary> that
is either a <non-parenthesized value expression primary> that is a <column reference> or an <unsigned value spe-
cification> that is a <general value specification> that is an <SQL parameter reference>. The identifiers IBL+1, ..., IN
are parsed using the Format and Syntax Rules of Subclause 6.16, “<field reference>”, Subclause 6.18, “<method
invocation>” and Subclause 6.36, “<JSON simplified accessor>”.

12) A <basic identifier chain> shall be an <identifier chain> whose basis is the entire identifier chain.
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13) A <basic identifier chain>whose basis referent is a column is a column reference. If the basis length
is 2, and the basis scope is a <trigger definition> whose <trigger action time> is BEFORE, and I1 is
equivalent to the <new transition variable name> of the <trigger definition>, then the column ref-
erence is a new transition variable column reference.

14) A column reference such that I1 is a <row pattern variable name> is a row pattern column reference.
I1 is the qualifying row pattern variable of the column reference.

15) A <basic identifier chain> whose basis referent is a period is a period reference.

16) 04 16A <basic identifier chain> whose basis referent is an SQL parameter is an SQL parameter refer-
ence.

17) The data type of a <basic identifier chain> BIC that is not a period reference is the data type of the
basis referent of BIC.

18) If the declared type of a <basic identifier chain>BIC is character string, then the collation derivation
of the declared type of BIC is

Case:

a) If the declared type has a declared type collation DTC, then implicit.

b) Otherwise, none.

Access Rules

None.

General Rules

1) Let BIC be a <basic identifier chain>.

2) If BIC is a column reference, then BIC references the column C that is the basis referent of BIC.

3) If BIC is a period reference, then BIC references the period P that is the basis referent of BIC.

4) 04 15 16 If BIC is an SQL parameter reference, then BIC references the SQL parameter SP of a given
invocation of the SQL-invoked routine that contains SP.

Conformance Rules

1) 04Without Feature T325, “Qualified SQL parameter references”, conforming SQL language shall not
contain anSQLparameter referencewhosefirst <identifier> is the<qualified identifier>of a <routine
name>.
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6.7 <column reference>

Function

Reference a column.

Format
<column reference> ::=

<basic identifier chain>
| MODULE <period> <qualified identifier> <period> <column name>

Syntax Rules

1) Every <column reference> has a qualifying table and a qualifying scope, as defined in succeeding
Syntax Rules.

2) A <column reference> that is a <basic identifier chain> BIC shall be a column reference. The quali-
fying scope is the basis scope of BIC and the qualifying table is the table that contains the basis ref-
erent of BIC.

3) If MODULE is specified, then <qualified identifier> shall be contained in an <SQL-client module
definition>M, and shall identify a declared local temporary table DLTTwhose <temporary table
declaration> is contained inM, and “MODULE <period> <qualified identifier>” shall be an exposed
<table or query name>MPQI, and <column name> shall identify a column of DLTT. The qualifying
table is the table identified byMPQI, and the qualifying scope is the scope ofMPQI.

4) If a <column reference> CR is contained in a <table expression> TE and the qualifying scope of CR
contains TE, then CR is an outer reference to the qualifying table of CR.

5) Let C be the column that is referenced by CR. The declared type of CR is

Case:

a) If the column descriptor of C includes a data type, then that data type.

b) Otherwise, the data type identified in the domain descriptor that describes the domain that
is identified by the <domain name> that is included in the column descriptor of C.

6) A <column reference> contained in a <query specification> is a queried column reference.

7) If QCR is a queried column reference, then:

a) The qualifying query of QCR is

Case:

i) If QCR is a row pattern column reference, then the <row pattern measures> or <row
pattern definition search condition> that contains QCR.

ii) Otherwise, the<query specification> that simply contains the<fromclause> that simply
contains the <table reference> that defines the qualifying table of QCR.

b) Let QQ be the qualifying query of QCR.

Case:

i) If QQ is a <row pattern measures> or <row pattern definition search condition>, then
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Case:

1) If QCR is contained in a <row pattern navigation operation>, then QCR is a navi-
gated row pattern column reference.

2) If QCR is contained in an aggregated argument of a <set function specification>
SFS, and QQ is the aggregation query of SFS, then QCR is a within-group-varying
row pattern column reference.

3) IfQCR is contained in a non-aggregated argument of a <set function specification>
SFS, and QQ is the aggregation query of SFS, then QCR is a group-invariant row
pattern column reference.

4) Otherwise,QCR is equivalent to the following<rowpatternnavigationoperation>:

LAST ( QCR )

ii) If QQ is not grouped, or if QCR is contained in the <from clause> or the <where clause>
simply contained in QQ, then QCR is an ordinary column reference.

iii) If QCR is contained in the <having clause>, <window clause>, or <select list> simply
contained in QQ, and QCR is contained in an aggregated argument of a <set function
specification> SFS, and QQ is the aggregation query of SFS, then QCR is awithin-group-
varying column reference.

iv) Otherwise, QCR is a group-invariant column reference.

8) If QCR is a group-invariant column reference, then QCR shall be functionally dependent on the
grouping columns of the qualifying query of QCR.

9) IfQCR is a group-invariant row pattern column reference, thenQCR shall be functionally dependent
on the row pattern partitioning columns defined by the <row pattern partition by> of the <row
pattern recognition clause> that contains QCR or the window partitioning columns defined by the
<window partition clause> of the <window clause> that contains QCR.

Access Rules

1) Let CR be the <column reference>.

2) If the qualifying table of CR is a base table or a viewed table, then

Case:

a) If CR is contained in a <search condition> immediately contained in an <assertion definition>
or a <check constraint definition>, then the applicable privileges for the <authorization iden-
tifier> that owns the containing schema shall include REFERENCES on the column referenced
by CR.

b) Otherwise,

Case:

i) If CR is contained, without an intervening <SQL routine spec> that specifies SQL
SECURITY INVOKER, in an <SQL schema statement>, then the applicable privileges of
the <authorization identifier> that owns the containing schema shall include SELECT
on the column referenced by CR.

ii) Otherwise, the current privileges shall include SELECT on the column referenced by
CR.
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3) If the qualifying table of CR is the result of a <data change delta table> DCDT, then let ST be the
subject table of the <data change statement> simply contained in DCDT and let STC be the column
of ST that corresponds to CR.

Case:

a) If CR is contained, without an intervening <SQL routine spec> that specifies SQL SECURITY
INVOKER, in an <SQL schema statement>, then the applicable privileges of the <authorization
identifier> that owns the containing schema shall include SELECT on STC.

b) Otherwise, the current privileges shall include SELECT on STC.

General Rules

1) LetQCRbe aqueried column reference. LetQTbe thequalifying table ofQCR, and letCbe the column
of QT that is referenced as the basis referent of QCR. The value of QCR is determined as follows:

a) If QCR is an ordinary column reference, then QCR denotes the value of C in a given row of QT.

b) If QCR is a navigated row pattern column reference, then QCR denotes the value of C in a row
determined by the General Rules of Subclause 6.27, “<row pattern navigation operation>”.

c) If QCR is a within-group-varying column reference, then QCR denotes the values of C in the
rows of a given group of the qualifying query of QCR used to construct the argument source
of a <set function specification>.

d) If QCR is a within-group-varying row pattern column reference, then QCR denotes the values
of C in the rows that are mapped to the row pattern variable that qualifies QCR in a potential
row patternmatch of the <rowpattern recognition clause> or <window clause> that contains
QCR.

e) If QCR is a group-invariant column reference, then QCR denotes a value that is not distinct
from the value of C in every row of a given group of the qualifying query of QCR. If the most
specific type of QCR is character string, datetime with time zone, or user-defined type, then
the precise value is chosen in an implementation-dependent (UV070) fashion.

Conformance Rules

1) WithoutFeatureF821, “Local table references”, conformingSQL language shall not contain a<column
reference> that simply contains MODULE.

2) Without Feature T301, “Functional dependencies”, in conforming SQL language, if QCR is a group-
invariant column reference, then QCR shall be a reference to a grouping column of the qualifying
query of QCR.

3) Without Feature T301, “Functional dependencies”, in conforming SQL language, if QCR is a group-
invariant rowpattern column reference, thenQCR shall reference a rowpattern partitioning column
defined by the <row pattern partition by> of the <row pattern recognition clause> of the <row
pattern recognition clause> that contains QCR or the window partitioning columns defined by the
<window partition clause> of the <window clause> that contains QCR.

236 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
6.7 <column reference>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


6.8 <SQL parameter reference>

Function

Reference an SQL parameter.

Format
<SQL parameter reference> ::=
<basic identifier chain>

Syntax Rules

1) An<SQLparameter reference> shall be a <basic identifier chain> that is an SQLparameter reference.

2) The declared type of an <SQL parameter reference> is the declared type of the SQL parameter that
it references.

Access Rules

None.

General Rules

None.

Conformance Rules

None.
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6.9 <set function specification>
This Subclause is modified by Subclause 6.3, “<set function specification>”, in ISO/IEC 9075-16.

Function

Specify a value derived by the application of a function to an argument.

Format
<set function specification> ::=

[ <running or final> ] <aggregate function>
| <grouping operation>

<running or final> ::=
RUNNING | FINAL

<grouping operation> ::=
GROUPING <left paren> <column reference>
    [ { <comma> <column reference> }... ] <right paren>

Syntax Rules

1) If <aggregate function> specifies a <general set function>, then the <value expression> simply
contained in the <general set function> shall not contain a <set function specification> or a <query
expression>.

2) If <aggregate function> specifies <binary set function>, then neither the <dependent variable
expression>nor the<independentvariable expression>simply contained in the<binary set function>
shall contain a <set function specification> or a <query expression>.

3) 16A <value expression> VE simply contained in a <set function specification> SFE is an aggregated
argument of SFE if either SFE is a <grouping operation> or VE is an aggregated argument of the
<aggregate function> simply contained in SFE; otherwise, VE is a non-aggregated argument of SFE.

4) 16A column reference CR contained in an aggregated argument of a <set function specification> SFS
is called an aggregated column reference of SFS.

5) If <aggregate function>specifiesa<filter clause>, then the<search condition> immediately contained
in <filter clause> shall not contain a <set function specification>.

6) The aggregation query of a <set function specification> SFS is determined as follows.

Case:

a) 16 If SFShasno aggregated columnreference, then the aggregationqueryof SFS is the innermost
<query specification>, <rowpatternmeasures>, or <rowpattern definition search condition>
that contains SFS.

b) Otherwise, the innermost qualifying query of the aggregated column references of SFS is the
aggregation query of SFS.

7) 16 SFS shall have an aggregation query and shall be contained in the <having clause>, <window
clause>, <select list>, <row pattern measures>, or <row pattern definition search condition> of its
aggregation query.

8) Let CR be an aggregated column reference of SFS such that the qualifying query QQ of CR is not the
aggregation query of SFS. If QQ is grouped and SFS is contained in the <having clause>, <window
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clause>, or <select list> of QQ, then CR shall be functionally dependent on the grouping columns of
QQ.

NOTE 164— The preceding Syntax Rule follows from a more comprehensive one in Subclause 6.7, “<column refer-
ence>”.

9) If <aggregate function> is specified, then the declared type of the result is the declared type of the
<aggregate function>.

10) If a <grouping operation> is specified, then:

a) Let T be the aggregation query of <set function specification> that contains <grouping opera-
tion>. Each <column reference> shall reference a grouping column of T.

b) The declared type of the result is exact numeric with an implementation-defined (IV081)
precision and a scale of 0 (zero).

c) If more than one <column reference> is specified, then letN be the number of <column refer-
ence>s and let CRi, 1 (one) ≤ i ≤ N, be the i-th <column reference>.

GROUPING ( CR1, ..., CRN−1, CRN )

is equivalent to:

CAST ( ( 2 * GROUPING ( CR1, ..., CRN−1 ) + GROUPING ( CRN ) ) AS IDT )

where IDT is the implementation-defined (IV081) declared type of the result.

11) Case:

a) If a <set function specification> is contained in a <rowpatternmeasure expression>or a <row
pattern definition search condition>, then:

i) <grouping operation> shall not be specified.

ii) If <running or final> is not specified, then RUNNING is implicit.

b) Otherwise, <running or final> shall not be specified.

12) If a <set function specification> is contained in a <row pattern definition search condition>, then
FINAL shall not be specified.

13) An aggregated argument of a <set function specification> shall not contain a <rowpatternnavigation
operation>.

Access Rules

None.

General Rules

1) If <aggregate function> is specified, then the result is the value of the <aggregate function>.
NOTE 165— The value of <grouping operation> is computed by means of syntactic transformations defined in
Subclause 7.13, “<group by clause>”.

Conformance Rules

1) Without FeatureT431, “Extended grouping capabilities”, conforming SQL language shall not contain
a <grouping operation>.
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2) Without Feature T433, “Multi-argument GROUPING function”, conforming SQL language shall not
contain a <grouping operation> that contains more than one <column reference>.

3) 16Without Feature T301, “Functional dependencies”, in conforming SQL language, if CR is an
aggregated column reference of SFS such that the qualifying query QQ of CR is not the aggregation
query of SFS, and QQ is grouped and SFS is contained in the <having clause>, <window clause>, or
<select list> of QQ, then CR shall be a reference to a grouping column of QQ.
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6.10 <window function>

Function

Specify a window function.

Format
<window function> ::=
<window function type> OVER <window name or specification>

<window function type> ::=
<rank function type> <left paren> <right paren>

| ROW_NUMBER <left paren> <right paren>
| <aggregate function>
| <ntile function>
| <lead or lag function>
| <first or last value function>
| <nth value function>
| <window row pattern measure>

<rank function type> ::=
RANK

| DENSE_RANK
| PERCENT_RANK
| CUME_DIST

<ntile function> ::=
NTILE <left paren> <number of tiles> <right paren>

<number of tiles> ::=
<simple value specification>

| <dynamic parameter specification>

<lead or lag function> ::=
<lead or lag> <left paren> <lead or lag extent>
    [ <comma> <offset> [ <comma> <default expression> ] ] <right paren>
    [ <window function null treatment> ]

<lead or lag> ::=
LEAD | LAG

<lead or lag extent> ::=
<value expression>

<offset> ::=
<unsigned integer>

<default expression> ::=
<value expression>

<window function null treatment> ::=
RESPECT NULLS | IGNORE NULLS

<first or last value function> ::=
<first or last value> <left paren> <value expression> <right paren> [ <window function
null treatment> ]

<first or last value> ::=
FIRST_VALUE | LAST_VALUE
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<nth value function> ::=
NTH_VALUE <left paren> <value expression> <comma> <nth row> <right paren>
    [ <from first or last> ] [ <window function null treatment> ]

<nth row> ::=
<simple value specification>

| <dynamic parameter specification>

<from first or last> ::=
FROM FIRST

| FROM LAST

<window name or specification> ::=
<window name>

| <in-line window specification>

<in-line window specification> ::=
<window specification>

<window row pattern measure> ::=
<measure name>

Syntax Rules

1) Let OF be the <window function>.

2) Case:

a) IfOF is contained in an<order by clause>, then the <order by clause> shall be simply contained
in a <query expression> QE that is a simple table query. Let QSS be the <query specification>
that specifies the sort table of QE, as specified in Subclause 7.17, “<query expression>”.

NOTE166—The syntactic transformation for <order by clause> specified in Subclause7.16, “<query specific-
ation>”, is applied prior to this rule.

b) Otherwise, OF shall be contained in a <select list> that is immediately contained in a <query
specification>QS. LetQSSbe the innermost <query specification>contained inQS that contains
OF.

3) Syntax Rules of Subclause 9.23, “Evaluation and transformation of <window function>”, are applied
with OF asWINFUNC and QSS as QUERY SPEC IN; let QSX be the TRANSFORM returned from the
application of those Syntax Rules.

Access Rules

None.

General Rules

1) Case:

a) If <window function type> is <ntile function>, then:

i) Let NT be the value of <number of tiles>.

ii) Case:

1) If NT is the null value, then the result is the null value.
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2) If NT is less than or equal to 0 (zero), then an exception condition is raised: data
exception— invalid argument for NTILE function (22014).

3) Otherwise:

A) LetRbe the current row forwhich the<window function> is being evaluated.

B) Let ROWNUM be the result of evaluating ROW_NUMBER() OVERWNS for
R.

C) LetWDX1 be the window structure descriptor that describes the window
defined by the <window specification>

( WNS RANGE BETWEEN UNBOUNDED PRECEDING
AND UNBOUNDED FOLLOWING )

D) LetTbe the collectionof rows in thewindow frameofR asdefinedbyWDX1,
as specified by the General Rules of Subclause 7.15, “<window clause>”.

E) Let CT be the cardinality of T.

F) Case:

I) If MOD(CT,NT) = 0 (zero), then for each i, 1 (one) ≤ i ≤NT, letNQi be
(CT / NT).

II) Otherwise, for each i, 1 (one) ≤ i ≤MOD(CT, NT), let NQi be CEIL-
ING(CAST(CT AS REAL) / NT), and for each i, MOD(CT, NT) < i ≤ NT,
let NQi be FLOOR(CAST(CT AS REAL) / NT).

G) Let END0 be 0 (zero). For each i, 1 (one) ≤ i ≤ NT, let STARTi be (END(i−1) +
1) and let ENDi be (END(i−1) + NQi).

H) The value of <window function> is i, where STARTi ≤ ROWNUM ≤ ENDi.

b) If <window function type> is <lead or lag function>, then:

i) Let OFFSET be the value of OFF and let DEFAULT be the value of VE2.

ii) LetWDX1 be the window structure descriptor that describes the window defined by
the <window specification>

( WNS RANGE BETWEEN UNBOUNDED PRECEDING
AND UNBOUNDED FOLLOWING )

iii) LetTbe the collectionof rows in thewindow frameofR as definedbyWDX1, as specified
by the General Rules of Subclause 7.15, “<window clause>”.

iv) If LEAD is specified, then:

1) Case:

A) If NTREAT is RESPECT NULLS, then let TX be the sequence of values that is
the result of applying VE1 to each row of T that follows the current row,
ordered according to the window ordering ofWDX1.

B) Otherwise, let TX be the sequence of values that is the result of applying
VE1 to each rowofT that follows the current rowandeliminatingnull values,
ordered according to the window ordering ofWDX1.

2) Let n be the number of values in TX.
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3) Case:

A) If OFFSET > n, then the value of <window function> is DEFAULT.

B) If OFFSET = 0 (zero), then the value of <window function> is the value of
VE1 evaluated for the current row.

C) Otherwise, the value of <window function> is them-th value of TX, where
m = OFFSET.

v) If LAG is specified, then:

1) Case:

A) If NTREAT is RESPECT NULLS, then let TX be the sequence of values that is
the result of applying VE1 to each row of T that precedes the current row,
ordered according to the row ordering ofWDX1.

B) Otherwise, let TX be the sequence of values that is the result of applying
VE1 to each row of T that precedes the current row and eliminating null
values, ordered according to the row ordering ofWDX1.

2) Let n be the number of values in TX.

3) Case:

A) If OFFSET > n, then the value of <window function> is DEFAULT.

B) If OFFSET = 0 (zero), then the value of <window function> is the value of
VE1 evaluated for the current row.

C) Otherwise, the value of <window function> is them-th value of TX, where
m = (n − OFFSET + 1).

c) If <window function type> is <first or last value function>, then:

i) LetT be the collection of rows in thewindow frame of the current rowdefined byWDX,
as specified by the General Rules of Subclause 7.15, “<window clause>”.

ii) Case:

1) If RESPECT NULLS is specified or implicit, then let TX be the sequence of values
that is the result of applying the <value expression> to each row of T, ordered
according to the row ordering ofWDX.

2) Otherwise, letTXbe the sequence of values that is the result of applying the <value
expression> to each row of T and eliminating null values, ordered according to
the row ordering ofWDX.

iii) Case:

1) If TX is empty, then the value of <window function> is the null value.

2) If FIRST_VALUE is specified, then the value of <window function> is thefirst value
of TX.

3) Otherwise, the value of <window function> is the last value of TX.

d) If <window function type> is <nth value function>, then:

i) Let RN be the value of <nth row>.

ii) Case:
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1) If RN is the null value, then the result is the null value.

2) If RN is less than or equal to 0 (zero), then an exception condition is raised: data
exception— invalid argument for NTH_VALUE function (22016).

3) Otherwise:

A) Let T be the collection of rows in the window frame of the current row
defined byWDX, as specified by the General Rules of Subclause 7.15,
“<window clause>”.

B) Case:

I) If RESPECTNULLS is specifiedor implicit, then letTXbe the sequence
of values that is the result of applying the <value expression> to each
row of T, ordered according to the row ordering ofWDX.

II) Otherwise, let TX be the sequence of values that is the result of
applying the <value expression> to each row of T and eliminating
null values, ordered according to the row ordering ofWDX.

C) Let TXN be the number of values in TX.

I) IfTXN = 0 (zero) or ifTXN <RN, then the value of <window function>
is the null value.

II) Case:

1) If FROMLAST is specified, then the value of <window function>
is them-th value of TX, wherem = (TXN − RN + 1).

2) Otherwise, the value of <window function> is them-th value
of TX, wherem = RN.

e) If <window function type> is <window row pattern measure>, then let R be the current row
for which <window function> is being evaluated. The value of <window function> is

Case:

i) If the skip indicator of R is True, then the null value.
NOTE 167— The skip indicator is defined in Subclause 7.15, “<window clause>”.

ii) Otherwise, the value of the <row pattern measure expression> simply contained in
RPMC, evaluated in the designated row pattern match associated with R.

NOTE168—Thedesignated rowpatternmatch ofR is defined in theGeneral Rules of Subclause 7.15,
“<window clause>”.

f) Otherwise, the value of <window function> is the value of the <aggregate function>.

Conformance Rules

1) Without FeatureR020, “Rowpattern recognition:WINDOWclause”, conforming SQL language shall
not contain a <window row pattern measure>.

2) Without Feature T611, “Elementary OLAP operations”, conforming SQL language shall not contain
a <window function>.

3) Without Feature T612, “Advanced OLAP operations”, conforming SQL language shall not contain a
<window name>.
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4) Without Feature T612, “Advanced OLAP operations”, conforming SQL language shall not contain
PERCENT_RANK or CUME_DIST.

5) Without Feature T612, “Advanced OLAP operations”, conforming SQL language shall not contain a
<window function> that simply contains ROW_NUMBER and immediately contains a <window
name or specification> whose window structure descriptor does not contain a window ordering
clause.

6) Without FeatureT614, “NTILE function”, conformingSQL language shall not contain<ntile function>.

7) Without Feature T615, “LEADandLAG functions”, conforming SQL language shall not contain <lead
or lag function>.

8) Without Feature T616, “Null treatment option for LEAD and LAG functions”, in conforming SQL
language, <lead or lag function> shall not contain <window function null treatment>.

9) Without Feature T617, “FIRST_VALUE and LAST_VALUE functions”, conforming SQL language shall
not contain <first or last value function>.

10) Without Feature T618, “NTH_VALUE function”, conforming SQL language shall not contain <nth
value function>.

11) Without Feature T627, “Window framed COUNT DISTINCT”, conforming SQL language shall not
contain a <window function> that contains a window ordering clause or a window framing clause,
and that contains a <window function type>of <aggregate function> that is a <general set function>
simply containing both COUNT and DISTINCT.
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6.11 <nested window function>

Function

Specify a function nested in an aggregated argument of an <aggregate function> simply contained in a
<window function>.

Format
<nested window function> ::=

<nested row number function>
| <value_of expression at row>

<nested row number function> ::=
ROW_NUMBER <left paren> <row marker> <right paren>

<value_of expression at row> ::=
VALUE_OF <left paren> <value expression> AT <row marker expression>
    [ <comma> <value_of default value> ] <right paren>

<row marker> ::=
BEGIN_PARTITION

| BEGIN_FRAME
| CURRENT_ROW
| FRAME_ROW
| END_FRAME
| END_PARTITION

<row marker expression> ::=
<row marker> [ <row marker delta> ]

<row marker delta> ::=
<plus sign> <row marker offset>

| <minus sign> <row marker offset>

<row marker offset> ::=
<simple value specification>

| <dynamic parameter specification>

<value_of default value> ::=
<value expression>

Syntax Rules

1) A <nested window function> NWF shall be contained in an aggregated argument of an <aggregate
function> AF immediately contained in a <window function>WF.

2) The declared type of <nested row number function> is an implementation-defined (IV085) exact
numeric type with scale 0 (zero).

3) If <value_of expression at row> is specified, then let DTS be the set consisting of the declared type
of the immediately contained <value expression> and, if <value_of default value> is specified, the
declared type of <value_of default value>. The Syntax Rules of Subclause 9.5, “Result of data type
combinations”, are appliedwithDTS asDTSET; letDTbe theRESTYPE returned from the application
of those Syntax Rules. The declared type of <value_of expression at row> is DT.

4) The declared type of <row marker offset> shall be exact numeric with scale 0 (zero).
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Access Rules

None.

General Rules

1) LetW be the window structure descriptor associated withWF. Let R1 be a row for which the value
of NWF is to be computed, let P be the window partition of R1 as determined byW, let F be the
window frame of R1 as determined byW, and let R2 be a row in the argument source of AF during
the computation of NWF for row R1.

NOTE 169— Given the conditions of this rule, the argument source of AF is the window frame F determined by R1;
therefore, R2 is in F.

2) Let NP be the number of rows in P. Let { ROW1, ROW2, ..., ROWNP } be the enumeration of rows of P
according to the ordering of rows determined byW. For each n between 1 (one) and NP, n is called
thewindow partition row number of the row ROWn.

3) If NWF is <nested row number function>, then:

a) Let RM be the <rowmarker>.

b) Case:

i) If RM is BEGIN_PARTITION, then the value of NWF is 1 (one).

ii) If RM is END_PARTITION, then the value of NWF is NP.

iii) If RM is CURRENT_ROW, then the value of NWF is the window partition row number
of R1.

iv) If RM is BEGIN_FRAME, then the value of NWF is the window partition row number of
the first row of F.

v) If RM is END_FRAME, then the value of NWF is the window partition row number of
the last row of F.

vi) If RM is FRAME_ROW, then the value of NWF is the window partition row number of
R2.

NOTE 170— It is possible for the window frame F to be empty; however, in that case, there are no rows on
which to evaluate NWF and the preceding General Rule will not be invoked. Therefore, the General Rules can
assume that F is not empty when RM is BEGIN_FRAME, END_FRAME, or FRAME_ROW.

4) If NWF is <value_of expression at row>, then:

a) Let VE be the <value expression> immediately contained in NWF, and let RME be the <row
marker expression> immediately contained in NWF.

b) LetRMbe the<rowmarker> contained inRME. LetRNbe the value of the<nested rownumber
function> ROW_NUMBER(RM).

c) Case:

i) IfNWF contains <value_of default value>, then letDEF be the value of <value_of default
value>.

ii) Otherwise, let DEF be the null value.

d) Case:
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If RME contains <rowmarker delta>, then let OFF be the value of the <rowmarker
offset>. IfRME contains<plus sign>, then letMbeRN+OFF; otherwise, letMbeRN−OFF.

i)

ii) Otherwise, letM be RN.

e) Case:

i) IfM is the null value, less than 1 (one), or greater than NP, then the value of NWF is
DEF.

NOTE 171—M can only be null if OFF is null. As explained in a previous informative note, NWF is
never evaluated if F is empty, so the preceding rule does not need to cover the case of F being empty.

ii) Otherwise, the value of NWF is the value of VE, evaluated in ROWM.

Conformance Rules

1) Without Feature T619, “Nested window functions”, conforming SQL language shall not contain
<nested window function>.
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6.12 <case expression>
This Subclause is modified by Subclause 6.5, “<case expression>”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 6.6, “<case expression>”, in ISO/IEC 9075-15.
This Subclause is modified by Subclause 6.4, “<case expression>”, in ISO/IEC 9075-16.

Function

Specify a conditional value.

Format
<case expression> ::=

<case abbreviation>
| <case specification>

<case abbreviation> ::=
NULLIF <left paren> <value expression> <comma> <value expression> <right paren>

| COALESCE <left paren> <value expression>
    { <comma> <value expression> }... <right paren>

<case specification> ::=
<simple case>

| <searched case>

<simple case> ::=
CASE <case operand> <simple when clause>... [ <else clause> ] END

<searched case> ::=
CASE <searched when clause>... [ <else clause> ] END

<simple when clause> ::=
WHEN <when operand list> THEN <result>

15 <searched when clause> ::=
WHEN <search condition> THEN <result>

<else clause> ::=
ELSE <result>

16 <case operand> ::=
<row value predicand>

| <overlaps predicate part 1>

<when operand list> ::=
<when operand> [ { <comma> <when operand> }... ]

14  16 <when operand> ::=
<row value predicand>

| <comparison predicate part 2>
| <between predicate part 2>
| <in predicate part 2>
| <character like predicate part 2>
| <octet like predicate part 2>
| <similar predicate part 2>
| <regex like predicate part 2>
| <null predicate part 2>
| <quantified comparison predicate part 2>
| <normalized predicate part 2>
| <match predicate part 2>
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| <overlaps predicate part 2>
| <distinct predicate part 2>
| <member predicate part 2>
| <submultiset predicate part 2>
| <set predicate part 2>
| <type predicate part 2>

<result> ::=
<result expression>

| NULL

<result expression> ::=
<value expression>

Syntax Rules

1) If a <case expression> specifies a <case abbreviation>, then:

a) A<value expression>generally contained in the<case abbreviation> shall not generally contain
a <routine invocation> whose subject routine is an SQL-invoked routine that is possibly non-
deterministic or that possibly modifies SQL-data.

b) A<value expression>generally contained in the<case abbreviation> shall not generally contain
a <table primary> that contains a <data change delta table>.

c) NULLIF (V1, V2) is equivalent to the following <case specification>:

CASE WHEN
V1=V2 THEN
NULL ELSE V1
END

The Conformance Rules of Subclause 8.2, “<comparison predicate>”, are applied to the result
of this syntactic transformation.

d) COALESCE (V1, V2) is equivalent to the following <case specification>:

CASE
WHEN NOT V1 IS NULL THEN V1
ELSE V2

END

e) COALESCE (V1, V2, ..., Vn), for n ≥ 3, is equivalent to the following <case specification>:

CASE
WHEN NOT V1 IS NULL THEN V1
ELSE COALESCE (V2, ..., Vn)

END

2) 15 If a <case specification> specifies a <simple case>, then let CO be the <case operand>.

a) CO shall not generally contain a <routine invocation>whose subject routine is an SQL-invoked
routine that is possibly non-deterministic or that possibly modifies SQL-data.

b) CO shall not generally contain a <table primary> that contains a <data change delta table>.

c) 16 If CO is <overlaps predicate part 1>, then each <when operand> shall be <overlaps predicate
part 2>. If CO is <row value predicand>, then no <when operand> shall be an <overlaps pre-
dicate part 2>.

d) Let N be the number of <simple when clause>s.
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e) For each i between 1 (one) and N, letWOLi be the <when operand list> of the i-th <simple
when clause>. LetM(i) be the number of <when operand>s simply contained inWOLi. For
each j between 1 andM(i), letWOi,j be the j-th <when operand> simply contained inWOLi.

f) For each i between 1 (one) and N, and for each j between 1 (one) andM(i),

Case:

i) IfWOi,j is a <row value predicand>, then let EWOi,j be

= WOi,j

ii) Otherwise, let EWOi,j beWOi,j.

g) Let Ri be the <result> of the i-th <simple when clause>.

h) If <else clause> is specified, then let CEEC be that <else clause>; otherwise, let CEEC be the
zero-length character string.

i) The<simple case> is equivalent to a <searched case> inwhich the i-th <searchedwhen clause>
takes the form:

WHEN ( CO EWOi,1 ) OR
... OR
( CO EWOi,M(i) )
THEN Ri

j) The <else clause> of the equivalent <searched case> takes the form:

CEEC

k) The Conformance Rules of the Subclauses of Clause 8, “Predicates”, are applied to the result
of this syntactic transformation.

NOTE 172— The specific Subclauses of Clause 8, “Predicates”, are determined by the predicates that are
created as a result of the syntactic transformation.

3) At least one <result> in a <case specification> shall specify a <result expression>.

4) If an <else clause> is not specified, then ELSE NULL is implicit.

5) The Syntax Rules of Subclause 9.5, “Result of data type combinations”, are applied with the set of
declared types of all <result expression>s in the<case specification>asDTSET; letRTbe theRESTYPE
returned from the application of those Syntax Rules. The declared type of the <case specification>
is RT.

Access Rules

None.

General Rules

1) Case:

a) If a <result> specifies NULL, then its value is the null value.

b) If a <result> specifies a <value expression>, then its value is the value of that <value expres-
sion>.
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2) Case:

a) 15 If the value of the <search condition> of some <searched when clause> in a <case specifica-
tion> is True, then the value of the <case expression> is the value of the <result> of the first
(leftmost) <searched when clause> whose <search condition> evaluates to True, cast as the
declared type of the <case specification>.

b) If no <search condition> in a <case specification>evaluates toTrue, then the value of the <case
expression> is the value of the <result> of the explicit or implicit <else clause>, cast as the
declared type of the <case specification>.

Conformance Rules

1) Without Feature F262, “ExtendedCASE expression”, in conforming SQL language, a <case operand>
immediately contained in a <simple case> shall be a <row value predicand> that is a <row value
constructor predicand> that is a single <common value expression> or <boolean predicand>.

2) Without Feature F262, “ExtendedCASEexpression”, in conforming SQL language, a <whenoperand>
contained in a <simple when clause> shall be a <row value predicand> that is a <row value con-
structor predicand> that is a single <common value expression> or <boolean predicand>.

3) 15Without Feature F263, “Comma-separated predicates in simple CASE expression”, in conforming
SQL language, a <when operand list> contained in a <simple when clause> shall simply contain
exactly one <when operand>.
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6.13 <cast specification>
This Subclause is modified by Subclause 6.2, “<cast specification>”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 6.6, “<cast specification>”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 6.7, “<cast specification>”, in ISO/IEC 9075-15.

Function

Specify a data conversion.

Format
14 <cast specification> ::=
CAST <left paren>

<cast operand> AS <cast target>
    [ FORMAT <cast template> ]

<right paren>

<cast operand> ::=
<value expression>

| <implicitly typed value specification>

15 <cast target> ::=
<domain name>

| <data type>

<cast template> ::=
<character string literal>

Syntax Rules

1) Case:

a) 15 If a <domain name> is specified, then let TD be the data type of the specified domain.

b) If a <data type> is specified, then letTDbe the data type identifiedby <data type>. <data type>
shall not contain a <collate clause>.

2) 09The declared type of the result of the <cast specification> is TD.

3) 14 If the <cast operand> is a <value expression>, then let SD be the declared type of the <value
expression>.

4) If <cast template> CT is specified, then exactly one of the following shall be true:

a) SD is a datetime data type and TD is a character string data type. In this case:

i) The character repertoire of TD and of CT shall be the same.

ii) The Syntax Rules of Subclause 9.50, “Converting a datetime to a formatted character
string”, are applied with SD as DATETIME TYPE, the value of CT as TEMPLATE, and TD
as TARGET TYPE.

b) SD is a character string type and TD is a datetime data type. In this case:

i) The character repertoire of SD and of CT shall be the same.
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ii) The Syntax Rules of Subclause 9.51, “Converting a formatted character string to a dat-
etime”, are applied with TD as DATETIME TYPE, the value of CT as TEMPLATE, and SD
as CHARACTER STRING TYPE.

5) LetCbe some columnand letCObe the <cast operand>of a <cast specification>CS.C is a leaf column
of CS if CO consists of a single column reference that identifies C or of a single <cast specification>
CS1 of which C is a leaf column.

6) If the <cast operand>specifies an <empty specification>, then TD shall be a collection type or a
distinct type whose source type is a collection type.

7) 09 14 If the <cast operand> is a <value expression>, then the valid combinations of TD and SD in a
<cast specification>are givenby the following table. “Y” indicates that the combination is syntactically
valid without restriction; “M” indicates that the combination is valid subject to other Syntax Rules
in this Subclause being satisfied; and “N” indicates that the combination is not valid. If the contents
of a cell are unspecified, that also indicates that the combination is not valid.

SD TD
             EN  AN  DF  C   D   T   TS  YM  DT  BO UDT  B   RT  CT  RW  JS
      EN     Y   Y   Y   Y   N   N   N   M   M   N   M   N   M   N   N   N
      AN     Y   Y   Y   Y   N   N   N   N   N   N   M   N   M   N   N   N
      DF     Y   Y   Y   Y   N   N   N   N   N   N   M   N   M   N   N   N
      C      Y   Y   Y   Y   Y   Y   Y   Y   Y   Y   M   N   M   N   N   N
      D      N   N   N   Y   Y   N   Y   N   N   N   M   N   M   N   N   N
      T      N   N   N   Y   N   Y   Y   N   N   N   M   N   M   N   N   N
      TS     N   N   N   Y   Y   Y   Y   N   N   N   M   N   M   N   N   N
      YM     M   N   N   Y   N   N   N   Y   N   N   M   N   M   N   N   N
      DT     M   N   N   Y   N   N   N   N   Y   N   M   N   M   N   N   N
      BO     N   N   N   Y   N   N   N   N   N   Y   M   N   M   N   N   N
     UDT     M   M   M   M   M   M   M   M   M   M   M   M   M   M   N   N
      B      N   N   N   N   N   N   N   N   N   N   M   Y   M   N   N   N
      RT     M   M   M   M   M   M   M   M   M   M   M   M   M   N   N   N
      CT     N   N   N   N   N   N   N   N   N   N   M   N   N   M   N   N
      RW     N   N   N   N   N   N   N   N   N   N   N   N   N   N   M   N
      JS     N   N   N   N   N   N   N   N   N   N   N   N   N   N   N   Y
Where:
      EN  = Exact Numeric
      AN  = Approximate Numeric
      DF  - Decimal Floating-Point
      C   = Character (Fixed- or Variable-Length, or Character Large Object)
      D   = Date
      T   = Time
      TS  = Timestamp
      YM  = Year-Month Interval
      DT  = Day-Time Interval
      BO  = Boolean
     UDT  = User-Defined Type
      B   = Binary (Fixed- or Variable-Length or Binary Large Object)
      RT  = Reference type
      CT  = Collection type
      RW  = Row type
      JS  = JSON type

8) If TD is an interval and SD is exact numeric, then TD shall contain only a single <primary datetime
field>.

9) If TD is exact numeric and SD is an interval, then SD shall contain only a single <primary datetime
field>.

10) If SD is character string andTD is fixed-length, variable-length, or large object character string, then
the character repertoires of SD and TD shall be the same.
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11) IfTD is afixed-length, variable-length, or largeobject character string, then thedeclared type collation
of the <cast specification> is the character set collation of the character set of TD and its collation
derivation is implicit.

12) If the <cast operand> is a <value expression> and either SD or TD is a user-defined type, then either
TD shall be a supertype of SD or there shall be a data type P such that all of the following are true:

a) The type designator of P is in the type precedence list of SD.

b) There is a user-defined cast CFPwhose user-defined cast descriptor includes P as the source
data type and TD as the target data type.

c) The type designator of no other data type Q that is included as the source data type in the
user-defined cast descriptor of some user-defined cast CFQ that has TD as the target data type
precedes the type designator of P in the type precedence list of SD.

13) If the <cast operand> is a <value expression> and either SD or TD is a reference type, then:

a) Let RTSD and RTTD be the referenced types of SD and TD, respectively.

b) If <data type> is specified and contains a <scope clause>, then let STDbe that scope. Otherwise,
let STD, possibly empty, be the scope included in the reference type descriptor of SD.

c) EitherRSTD andRTTD shall be compatible, or there shall be adata typeP in the typeprecedence
list of SD such that all of the following are true:

i) There is a user-defined cast CFPwhose user-defined cast descriptor includes P as the
source data type and TD as the target data type.

ii) The type designator of no other data type Q that is included as the source data type in
theuser-defined cast descriptor of someuser-defined castCFQ that hasTD as the target
data type precedes the type designator of P in the type precedence list of SD.

14) If SD is a collection type, then:

a) Let ESD be the element type of SD.

b) Let ETD be the element type of TD.

CAST ( VALUE AS ETD )

whereVALUE is a <value expression>of declared typeESD, shall be a valid <cast specification>.

15) If SD is a row type, then:

a) Let DSD be the degree of SD.

b) Let DTD be the degree of TD.

c) DSD shall be equal to DTD.

d) Let FSDi and FTDi, 1 (one) ≤ i ≤ DSD, be the i-th field of SD and TD, respectively.

e) Let TFSDi and TFTDi, 1 (one) ≤ i ≤ DSD, be the declared type of FSDi and the declared type of
FTDi, respectively.

f) For i varying from 1 (one) to DSD, the <cast specification>:

CAST ( VALUEi AS TFTDi )

where VALUEi is an arbitrary <value expression> of declared type TFSDi, shall be a valid <cast
specification>.
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16) 14 If <domain name> is specified, then let D be the domain identified by the <domain name>. The
schema identified by the explicit or implicit <schema name> of the <domain name> shall include
the descriptor of D.

Access Rules

1) If <domain name> is specified, then

Case:

a) If <cast specification> is contained, without an intervening <SQL routine spec> that specifies
SQL SECURITY INVOKER, in an <SQL schema statement>, then the applicable privileges of the
<authorization identifier> that owns the containing schemashall includeUSAGEon thedomain
identified by <domain name>.

b) Otherwise, the current privileges shall include USAGE on the domain identified by <domain
name>.

2) If the<cast operand> is a <value expression>andeither SDorTD is a user-defined typeor a reference
type, then

Case:

a) If <cast specification> is contained, without an intervening <SQL routine spec> that specifies
SQL SECURITY INVOKER, in an <SQL schema statement>, then the applicable privileges of the
<authorization identifier> that owns the containing schema shall include EXECUTE on CFP.

b) Otherwise, the current privileges shall include EXECUTE on CFP.

General Rules

1) Let CS be the <cast specification>. If the <cast operand> is a <value expression> VE, then let SV be
the value of VE.

2) Case:

a) If the <cast operand> specifies NULL, then the result of CS is the null value and no further
General Rules of this Subclause are applied.

b) If the <cast operand>specifies an <empty specification>, then the result of CS is an empty
collection of declared type TD and no further General Rules of this Subclause are applied.

c) If SV is the null value, then the result of CS is the null value and no further General Rules of
this Subclause are applied.

3) 14 If either SD or TD is a user-defined type, then

Case:

a) If TD is a supertype of SD, then TV is SV.

b) Otherwise:

i) Let CP be the cast function contained in the user-defined cast descriptor of CFP.

ii) Let SAL be a static SQL argument list that has a single SQL-argument that is <value
expression>. The General Rules of Subclause 9.18, “Invoking an SQL-invoked routine”,
are applied with CP as SUBJECT ROUTINE and SAL as STATIC SQL ARG LIST; let TR be
the VALUE returned from the application of those General Rules
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iii) Case:

1) If TD is a user-defined type, then TV is TR.

2) Otherwise, TV is the result of

CAST (TR AS TD)

4) If either SD or TD is a reference type, then

Case:

a) If RSTD and RTTD are compatible, then:

i) TV is SV.

ii) The scope in the reference type descriptor of TV is STD.

b) Otherwise:

i) Let CP be the cast function contained in the user-defined cast descriptor of CFP.

ii) Let SAL be a static SQL argument list that has a single SQL-argument that is <value
expression>. The General Rules of Subclause 9.18, “Invoking an SQL-invoked routine”,
are applied with CP as SUBJECT ROUTINE and SAL as STATIC SQL ARG LIST; let TV be
the VALUE returned from the application of those General Rules.

iii) The scope in the reference type descriptor of TV is STD.

5) If SD is an array type and TD is either an array type or a multiset type, then:

a) Let SC be the cardinality of SV.

b) For i varying from 1 (one) to SC, the following <cast specification> is applied:

CAST ( VE[i] AS ETD )

yielding value TVEi.

c) If TD is an array type, then let TC be the maximum cardinality of TD.

Case:

i) If SC is greater than TC, then an exception condition is raised: data exception— array
data, right truncation (2202F).

ii) Otherwise, TV is the array with elements TVEi, 1 (one) ≤ i ≤ SC.

d) If TD is a multiset type, then TV is the multiset with elements TVEi, 1 (one) ≤ i ≤ SC.

6) If SD is a multiset type and TD is either an array type or a multiset type, then:

a) Let SC be the cardinality of SV.

b) If TD is an array type, then let TC be the maximum cardinality of TD.

Case:

i) If SC is greater than TC, then an exception condition is raised: data exception— array
data, right truncation (2202F).

ii) Otherwise, TV is the array resulting from the evaluation of

ARRAY ( ( SELECT CAST ( M.E AS ETD ) FROM UNNEST (VE) AS M(E) ) )
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NOTE 173—Since this cast from amultiset to an array type uses a SELECT FROMwithout an ORDER
BY, the order of the elements in the result is implementation-dependent.

c) If TD is a multiset type, then TV is the multiset resulting from the evaluation of

MULTISET ( ( SELECT CAST ( M.E AS ETD ) FROM UNNEST (VE) AS M(E) ) )

7) 15 If SD is a row type, then TV is the row resulting from the evaluation of

ROW ( CAST ( VE.FSD1 AS TFTD1 ),
      CAST ( VE.FSD2 AS TFTD2 ),
    ...
      CAST ( VE.FSDDSD AS TFTDDSD ) )

8) If TD is exact numeric, then

Case:

a) If SD is numeric, then

Case:

i) If there is a representation of SV in the data type TD that does not lose any leading
significantdigits after roundingor truncating if necessary, thenTV is that representation.
The choice of whether to round or truncate is implementation-defined (IA002).

ii) Otherwise, an exception condition is raised: data exception— numeric value out of
range (22003).

b) If SD is character string, then SV is replaced by SVwith any leading or trailing <truncating
whitespace> removed.

Case:

i) If SV does not comprise a <signed numeric literal> as defined by the rules for <literal>
in Subclause 5.3, “<literal>”, then an exception condition is raised: data exception—
invalid character value for cast (22018).

ii) Otherwise, letLTbe that <signednumeric literal>. The<cast specification> is equivalent
to

CAST ( LT AS TD )

c) If SD is an interval data type, then

Case:

i) If there is a representation of SV in the data type TD that does not lose any leading
significant digits, then TV is that representation.

ii) Otherwise, an exception condition is raised: data exception— numeric value out of
range (22003).

9) If TD is approximate numeric, then

Case:

a) If SD is numeric, then

Case:
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i) If there is a representation of SV in the data type TD that does not lose any leading
significantdigits after roundingor truncating if necessary, thenTV is that representation.
The choice of whether to round or truncate is implementation-defined (IA002).

ii) Otherwise, an exception condition is raised: data exception— numeric value out of
range (22003).

b) If SD is character string, then SV is replaced by SVwith any leading or trailing <truncating
whitespace> removed.

Case:

i) If SV does not comprise a <signed numeric literal> as defined by the rules for <literal>
in Subclause 5.3, “<literal>”, then an exception condition is raised: data exception—
invalid character value for cast (22018).

ii) Otherwise, letLTbe that <signednumeric literal>. The<cast specification> is equivalent
to

CAST ( LT AS TD )

10) If TD is the decimal floating-point type, then

Case:

a) If SD is numeric, then

Case:

i) If there is a representation of SV in the data type TD that does not lose any leading
significant digits after rounding if necessary, then TV is that representation.

ii) Otherwise, an exception condition is raised: data exception— numeric value out of
range (22003).

b) If SD is character string, then SV is replaced by SVwith any leading or trailing <truncating
whitespace> removed.

Case:

i) If SV does not comprise a <signed numeric literal> as defined by the rules for <literal>
in Subclause 5.3, “<literal>”, then an exception condition is raised: data exception—
invalid character value for cast (22018).

ii) Otherwise, letLTbe that <signednumeric literal>. The<cast specification> is equivalent
to:

CAST ( LT AS TD )

11) If TD is fixed-length character string, then let LTD be the length in characters of TD.

Case:

a) If SD is exact numeric, then:

i) LetYPbe the shortest character string that conforms to the definition of <exact numeric
literal> in Subclause 5.3, “<literal>”, whose scale is the same as the scale of SD, whose
interpreted value is the absolute value of SV, and that is not an <unsigned hexadecimal
integer>.

ii) Case:
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If SV is less than 0 (zero), then let Y be the result of '−' || YP.1)

2) Otherwise, let Y be YP.

iii) Case:

1) If Y contains any <SQL language character> that is not in the character repertoire
of TD, then an exception condition is raised: data exception— invalid character
value for cast (22018).

2) If the length in characters LY of Y is equal to LTD, then TV is Y.

3) If the length in characters LY of Y is less than LTD, then TV is Y extended on the
right by LTD−LY <space>s.

4) Otherwise, an exception condition is raised: data exception— string data, right
truncation (22001).

b) If SD is approximate numeric, then:

i) Let YP be a character string as follows.

Case:

1) If SV equals 0 (zero), then YP is '0E0'.

2) Otherwise, YP is the shortest character string that conforms to the definition of
<approximate numeric literal> in Subclause 5.3, “<literal>”, whose interpreted
value is equal to the absolute value of SV and whose <mantissa> consists of a
single <digit> that is not '0' (zero), followed by a <period> and an <unsigned
integer>.

ii) Case:

1) If SV is less than 0 (zero), then let Y be the result of '−' || YP.

2) Otherwise, let Y be YP.

iii) Case:

1) If Y contains any <SQL language character> that is not in the character repertoire
of TD, then an exception condition is raised: data exception— invalid character
value for cast (22018).

2) If the length in characters LY of Y is equal to LTD, then TV is Y.

3) If the length in characters LY of Y is less than LTD, then TV is Y extended on the
right by LTD−LY <space>s.

4) Otherwise, an exception condition is raised: data exception— string data, right
truncation (22001).

c) If SD is the decimal floating-point type, then let Y be an implementation-defined (IV110)
<signed numeric literal> whose interpreted value is equal to SV.

Case:

i) If Y contains any <SQL language character> that is not in the character repertoire of
TD, then an exception condition is raised: data exception— invalid character value for
cast (22018).

ii) If the length in characters LY of Y is equal to LTD, then TV is Y.
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iii) If the length in characters LY of Y is less than LTD, then TV is Y extended on the right
by LTD−LY <space>s.

iv) Otherwise, an exception condition is raised: data exception— string data, right trunca-
tion (22001).

d) If SD is fixed-length character string, variable-length character string, or large object character
string, then

Case:

i) If the length in characters of SV is equal to LTD, then TV is SV.

ii) If the length in characters of SV is larger than LTD, then TV is the first LTD characters
of SV. If any of the remaining characters of SV are non-<truncating whitespace> char-
acters, then a completion condition is raised:warning— string data, right truncation
(01004).

iii) If the length in charactersM of SV is smaller than LTD, then TV is SV extended on the
right by LTD−M <space>s.

e) If SD is a datetime data type or an interval data type, then

i) Case:

1) If <cast template> CT is specified, then the General Rules of Subclause 9.50,
“Converting a datetime to a formatted character string”, are applied with SV as
DATETIME VALUE, the value of CT as TEMPLATE, and TD as TARGET TYPE; let Y
be the FORMATTED CHARACTER STRING returned from the application of those
General Rules.

2) Otherwise, let Y be the shortest character string that conforms to the definition
of <literal> in Subclause 5.3, “<literal>”, such that the interpreted value of Y is SV
and the interpreted precision ofY is the precision of SD. If SV is a negative interval,
then <sign> shall be specified within <unquoted interval string> in the literal Y.

ii) Case:

1) If Y contains any <SQL language character> that is not in the character repertoire
of TD, then an exception condition is raised: data exception— invalid character
value for cast (22018).

2) If the length in characters LY of Y is equal to LTD, then TV is Y.

3) If the length in characters LY of Y is less than LTD, then TV is Y extended on the
right by LTD−LY <space>s.

4) Otherwise, an exception condition is raised: data exception— string data, right
truncation (22001).

f) If SD is Boolean, then

Case:

i) If SV is True and LTD is not less than 4, then TV is 'TRUE' extended on the right by
LTD−4 <space>s.

ii) If SV is False and LTD is not less than 5, then TV is 'FALSE' extended on the right by
LTD−5 <space>s.

iii) Otherwise, an exception condition is raised: data exception— invalid character value
for cast (22018).
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12) If TD is variable-length character string or large object character string, then letMLTD be the max-
imum length in characters of TD.

Case:

a) If SD is exact numeric, then:

i) LetYPbe the shortest character string that conforms to the definition of <exact numeric
literal> in Subclause 5.3, “<literal>”, whose scale is the same as the scale of SD, whose
interpreted value is the absolute value of SV, and that is not an <unsigned hexadecimal
integer>.

ii) Case:

1) If SV is less than 0 (zero), then let Y be the result of '−' || YP.

2) Otherwise, let Y be YP.

iii) Case:

1) If Y contains any <SQL language character> that is not in the character repertoire
of TD, then an exception condition is raised: data exception— invalid character
value for cast (22018).

2) If the length in characters LY of Y is less than or equal toMLTD, then TV is Y.

3) Otherwise, an exception condition is raised: data exception— string data, right
truncation (22001).

b) If SD is approximate numeric, then:

i) Let YP be a character string as follows.

Case:

1) If SV equals 0 (zero), then YP is '0E0'.

2) Otherwise, YP is the shortest character string that conforms to the definition of
<approximate numeric literal> in Subclause 5.3, “<literal>”, whose interpreted
value is equal to the absolute value of SV and whose <mantissa> consists of a
single <digit> that is not '0', followed by a <period> and an <unsigned integer>.

ii) Case:

1) If SV is less than 0 (zero), then let Y be the result of'−' || YP.

2) Otherwise, let Y be YP.

iii) Case:

1) If Y contains any <SQL language character> that is not in the character repertoire
of TD, then an exception condition is raised: data exception— invalid character
value for cast (22018).

2) If the length in characters LY of Y is less than or equal toMLTD, then TV is Y.

3) Otherwise, an exception condition is raised: data exception— string data, right
truncation (22001).

c) If SD is the decimal floating-point type, then let Y be an implementation-defined (IV110)
<signed numeric literal> whose interpreted value is equal to SV.

Case:
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i) If Y contains any <SQL language character> that is not in the character repertoire of
TD, then an exception condition is raised: data exception— invalid character value for
cast (22018).

ii) If the length in characters LY of Y is less than or equal toMLTD, then TV is Y.

iii) Otherwise, an exception condition is raised: data exception— string data, right trunca-
tion (22001).

d) If SD is fixed-length character string, variable-length character string, or large object character
string, then

Case:

i) If the length in characters of SV is less than or equal toMLTD, then TV is SV.

ii) If the length in characters of SV is larger thanMLTD, thenTV is thefirstMLTD characters
of SV. If any of the remaining characters of SV are non-<truncating whitespace> char-
acters, then a completion condition is raised:warning— string data, right truncation
(01004).

e) If SD is a datetime data type or an interval data type, then:

i) Case:

1) If <cast template> CT is specified, then the General Rules of Subclause 9.50,
“Converting a datetime to a formatted character string”, are applied with SV as
DATETIME VALUE, the value of CT as TEMPLATE, and TD as TARGET TYPE; let Y
be the FORMATTED CHARACTER STRING returned from the application of those
General Rules.

2) Otherwise, let Y be the shortest character string that conforms to the definition
of <literal> in Subclause 5.3, “<literal>”, and such that the interpreted value of Y
is SV and the interpreted precision of Y is the precision of SD. If SV is a negative
interval, then <sign> shall be specified within <unquoted interval string> in the
literal Y.

ii) Case:

1) If Y contains any <SQL language character> that is not in the character repertoire
of TD, then an exception condition is raised: data exception— invalid character
value for cast (22018).

2) If the length in characters LY of Y is less than or equal toMLTD, then TV is Y.

3) Otherwise, an exception condition is raised: data exception— string data, right
truncation (22001).

f) If SD is Boolean, then

Case:

i) If SV is True andMLTD is not less than 4, then TV is 'TRUE'.

ii) If SV is False andMLTD is not less than 5, then TV is 'FALSE'.

iii) Otherwise, an exception condition is raised: data exception— invalid character value
for cast (22018).

13) If TD and SD are binary string types, then

Case:
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a) If TD is fixed-length binary string, then let LTD be the length in octets of TD.

i) If the length in octets of SV is equal to LTD, then TV is SV.

ii) If the length in octets of SV is larger than LTD, then TV is the first LTD octets of SV and
a completion condition is raised:warning— string data, right truncation (01004).

iii) If the length in octetsM of SV is smaller than LTD, then TV is SV extended on the right
by LTD−M X'00's.

b) Otherwise, letMLTD be the maximum length in octets of TD.

Case:

i) If the length in octets of SV is less than or equal toMLTD, then TV is SV.

ii) If the length in octets of SV is larger thanMLTD, then TV is the firstMLTD octets of SV
and a completion condition is raised:warning— string data, right truncation (01004).

14) If TD is the datetime data type DATE, then

Case:

a) If SD is character string, then

Case:

i) If <cast template>CT is specified, then theGeneral Rules of Subclause9.51, “Converting
a formatted character string to a datetime”, are appliedwith DATE asDATETIME TYPE,
the value of CT as TEMPLATE, and SV as FORMATTED CHARACTER STRING; let TV be
the DATETIME VALUE returned from the application of those General Rules.

ii) Otherwise, SV is replaced by

TRIM ( BOTH ' ' FROM VE )

Case:

1) If the rules for <literal> or for <unquoted date string> in Subclause 5.3, “<literal>”,
can be applied to SV to determine a valid value of the data type TD, then let TV
be that value.

2) Otherwise, an exception condition is raised: data exception— invalid datetime
format (22007).

b) If SD is the datetime data type DATE, then TV is SV.

c) If SD is the datetime data type TIMESTAMPWITHOUTTIME ZONE, then TV is the year, month,
and day <primary datetime field>s of SV.

d) If SD is the datetime data type TIMESTAMPWITH TIME ZONE, then TV is computed by:

CAST ( CAST ( VE AS TIMESTAMP WITHOUT TIME ZONE ) AS DATE )

15) Let STZD be the current default time zone displacement of the SQL-session.

16) If TD is the datetime data type TIMEWITHOUT TIME ZONE, then let TSP be the <time precision>
of TD.

Case:

a) If SD is character string, then:
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If <cast template>CT is specified, then theGeneral Rules of Subclause9.51, “Converting
a formatted character string to a datetime”, are applied with TIME(TSP) WITHOUT

i)

TIME ZONE as DATETIME TYPE, the value of CT as TEMPLATE, and SV as FORMATTED
CHARACTER STRING; let TV be the DATETIME VALUE returned from the application of
those General Rules.

ii) Otherwise, SV is replaced by

TRIM ( BOTH ' ' FROM VE )

Case:

1) If the rules for <literal> or for <unquoted time string> in Subclause 5.3, “<literal>”,
can be applied to SV to determine a valid value of the data type TD, then let TV
be that value.

2) If the rules for <literal> or for <unquoted time string> in Subclause 5.3, “<literal>”,
can be applied to SV to determine a valid value of the data type TIME(TSP)WITH
TIME ZONE, then let TV be the value of:

CAST ( CAST ( VE AS TIME(TSP) WITH TIME ZONE ) AS
TIME(TSP) WITHOUT TIME ZONE )

3) Otherwise, an exception condition is raised: data exception— invalid datetime
format (22007).

b) If SD is TIMEWITHOUT TIME ZONE, then TV is SV, with implementation-defined (IA002)
rounding or truncation if necessary.

c) If SD is TIMEWITH TIME ZONE, then let SVUTC be the UTC component of SV and let SVTZ be
the time zone displacement of SV. TV is SVUTC + SVTZ, computed modulo 24 hours, with
implementation-defined (IA002) rounding or truncation if necessary.

d) If SD is TIMESTAMPWITHOUTTIME ZONE, then TV is the hour, minute, and second <primary
datetime field>s of SV, with implementation-defined (IA002) rounding or truncation if
necessary.

e) If SD is TIMESTAMPWITH TIME ZONE, then TV is:

CAST ( CAST ( VE AS TIMESTAMP(TSP) WITHOUT TIME ZONE )
AS TIME(TSP) WITHOUT TIME ZONE )

17) If TD is the datetime data type TIMEWITH TIME ZONE, then let TSP be the <time precision> of TD.

Case:

a) If SD is character string, then:

i) If <cast template>CT is specified, then theGeneral Rules of Subclause9.51, “Converting
a formatted character string to a datetime”, are applied with TIME(TSP) WITH TIME
ZONE as DATETIME TYPE, the value of CT as TEMPLATE, and SV as FORMATTED
CHARACTER STRING; let TV be the DATETIME VALUE returned from the application of
those General Rules.

ii) Otherwise, SV is replaced by

TRIM ( BOTH ' ' FROM VE )

Case:

266 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
6.13 <cast specification>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


1) If the rules for <literal> or for <unquoted time string> in Subclause 5.3, “<literal>”,
can be applied to SV to determine a valid value of the data type TD, then let TV
be that value.

2) If the rules for <literal> or for <unquoted time string> in Subclause 5.3, “<literal>”,
can be applied to SV to determine a valid value of the data type TIME(TSP)
WITHOUT TIME ZONE, then let TV be the value of:

CAST ( CAST ( VE AS TIME(TSP) WITHOUT TIME ZONE )
AS TIME(TSP) WITH TIME ZONE )

3) Otherwise, an exception condition is raised: data exception— invalid datetime
format (22007).

b) If SD is TIMEWITHTIMEZONE, thenTV is SV, with implementation-defined (IA002) rounding
or truncation if necessary.

c) If SD is TIMEWITHOUT TIME ZONE, then the UTC component of TV is SV − STZD, computed
modulo 24 hours, with implementation-defined (IA002) rounding or truncation if necessary,
and the time zone displacement of TV is STZD.

d) If SD is TIMESTAMPWITH TIME ZONE, then the UTC component of TV is the hour, minute,
and second <primary datetime field>s of SV, with implementation-defined (IA002) rounding
or truncation if necessary, and the time zone component of TV is the time zone displacement
of SV.

e) If SD is TIMESTAMPWITHOUT TIME ZONE, then TV is:

CAST ( CAST ( VE AS TIMESTAMP(TSP) WITH TIME ZONE )
AS TIME(TSP) WITH TIME ZONE )

18) If TD is the datetime data type TIMESTAMPWITHOUT TIME ZONE, then let TSP be the <timestamp
precision> of TD.

Case:

a) If SD is character string, then:

i) If <cast template>CT is specified, then theGeneral Rules of Subclause9.51, “Converting
a formatted character string to a datetime”, are applied with TIMESTAMP(TSP)
WITHOUT TIME ZONE as DATETIME TYPE, the value of CT as TEMPLATE, and SV as
FORMATTED CHARACTER STRING; let TV be the DATETIME VALUE returned from the
application of those General Rules.

ii) Otherwise, SV is replaced by

TRIM ( BOTH ' ' FROM VE )

Case:

1) If the rules for <literal> or for <unquoted timestamp string> in Subclause 5.3,
“<literal>”, can be applied to SV to determine a valid value of the data type TD,
then let TV be that value.

2) If the rules for <literal> or for <unquoted timestamp string> in Subclause 5.3,
“<literal>”, can be applied to SV to determine a valid value of the data type
TIMESTAMP(TSP) WITH TIME ZONE, then let TV be the value of:

CAST ( CAST ( VE AS TIMESTAMP(TSP) WITH TIME ZONE )
AS TIMESTAMP(TSP) WITHOUT TIME ZONE )
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3) Otherwise, an exception condition is raised: data exception— invalid datetime
format (22007).

b) If SD is a date, then the <primary datetime field>s hour, minute, and second of TV are set to
0 (zero) and the <primary datetime field>s year, month, and day of TV are set to their
respective values in SV.

c) If SD is TIMEWITHOUT TIME ZONE, then the <primary datetime field>s year, month, and day
of TV are set to their respective values in an execution of CURRENT_DATE and the <primary
datetime field>s hour, minute, and second of TV are set to their respective values in SV, with
implementation-defined (IA002) rounding or truncation if necessary.

d) If SD is TIMEWITH TIME ZONE, then TV is:

CAST ( CAST ( VE AS TIMESTAMP WITH TIME ZONE )
AS TIMESTAMP WITHOUT TIME ZONE )

e) If SD is TIMESTAMPWITHOUT TIME ZONE, then TV is SV, with implementation-defined
(IA002) rounding or truncation if necessary.

f) If SD is TIMESTAMPWITH TIME ZONE, then let SVUTC be the UTC component of SV and let
SVTZ be the time zone displacement of SV. TV is SVUTC + SVTZ, with implementation-defined
(IA002) rounding or truncation if necessary.

19) If TD is the datetime data type TIMESTAMPWITH TIME ZONE, then let TSP be the <timestamp
precision> of TD.

Case:

a) If SD is character string, then:

i) If <cast template>CT is specified, then theGeneral Rules of Subclause9.51, “Converting
a formatted character string to a datetime”, are applied with TIMESTAMP(TSP) WITH
TIME ZONE as DATETIME TYPE, the value of CT as TEMPLATE, and SV as FORMATTED
CHARACTER STRING; let TV be the DATETIME VALUE returned from the application of
those General Rules.

ii) Otherwise, SV is replaced by

TRIM ( BOTH ' ' FROM VE )

Case:

1) If the rules for <literal> or for <unquoted timestamp string> in Subclause 5.3,
“<literal>”, can be applied to SV to determine a valid value of the data type TD,
then let TV be that value.

2) If the rules for <literal> or for <unquoted timestamp string> in Subclause 5.3,
“<literal>”, can be applied to SV to determine a valid value of the data type
TIMESTAMP(TSP) WITHOUT TIME ZONE, then let TV be the value of:

CAST ( CAST ( VE AS TIMESTAMP(TSP) WITHOUT TIME ZONE )
AS TIMESTAMP(TSP) WITH TIME ZONE )

3) Otherwise, an exception condition is raised: data exception— invalid datetime
format (22007).

b) If SD is a date, then TV is:

CAST ( CAST ( VE AS TIMESTAMP(TSP) WITHOUT TIME ZONE )
AS TIMESTAMP(TSP) WITH TIME ZONE )
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c) If SD is TIMEWITHOUT TIME ZONE, then TV is:

CAST ( CAST ( VE AS TIMESTAMP(TSP) WITHOUT TIME ZONE )
AS TIMESTAMP(TSP) WITH TIME ZONE )

d) If SD is TIMEWITH TIME ZONE, then the <primary datetime field>s year, month, and day of
TV are set to their respective values in an execution of CURRENT_DATE and the <primary
datetime field>s hour, minute, and second of TV are set to their respective values in SV, with
implementation-defined(IA002) roundingor truncation if necessary. The timezonecomponent
of TV is set to the time zone displacement of SV.

e) If SD is TIMESTAMPWITHOUT TIME ZONE, then the UTC component of TV is SV − STZD, with
a time zone displacement of STZD.

f) If SD is TIMESTAMPWITH TIME ZONE, then TV is SVwith implementation-defined (IA002)
rounding or truncation, if necessary.

20) If TD is interval, then

Case:

a) If SD is exact numeric, then

Case:

i) If the representation of SV in the data type TDwould result in the loss of leading signi-
ficant digits, then an exception condition is raised: data exception— interval field
overflow (22015).

ii) If the number of digits of fractional seconds precisionNDFSP of TD is less thanNDSEN,
where NDSEN is the scale of the <exact numeric literal> formed by the <cast specifica-
tion>

CAST (SV AS CHARACTER VARYING(max))

andmax is the implementation-defined (IL006) maximum length of variable-length
character strings, then it is implementation-defined (IA002)whetherTV is determined
by rounding SV to NDFSP digits of precision or by truncating SV to NDFSP digits of
precision, as specified in Subclause 4.5.2, “Characteristics of numbers”.

iii) Otherwise, TV is the representation of SV in the data type TD.

b) If SD is character string, then SV is replaced by

TRIM ( BOTH ' ' FROM VE )

Case:

i) If the rules for <literal> or for <unquoted interval string> in Subclause 5.3, “<literal>”,
can be applied to SV to determine a valid value of the data type TD, then let TV be that
value.

ii) Otherwise, an exception condition is raised: data exception— invalid interval format
(22006).

c) If SD is interval and TD and SD have the same interval precision, then TV is SV.

d) If SD is interval and TD and SD have different interval precisions, then let P and Q be the most
and least significant <primary datetime field>s of TD, respectively.
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i) Let Y be the result of converting SV to a scalar in units Q (that is, observing the rules
that there are 60 seconds in a minute, 60 minutes in an hour, 24 hours in a day, and
12 months in a year).

ii) Normalize Y to conform to the <interval qualifier> “P TOQ” of TD (again, observing the
rules that there are 60 seconds in a minute, 60 minutes in an hour, 24 hours in a day,
and 12months in a year). Whether to truncate or round in the least significant field of
the result is implementation-defined (IA002). If this would result in loss of precision
of the leading datetime field of Y, then an exception condition is raised: data exception
— interval field overflow (22015).

iii) TV is the value of Y.

21) 09 If TD is Boolean, then

Case:

a) If SD is character string, then SV is replaced by

TRIM ( BOTH ' ' FROM VE )

Case:

i) If the rules for <literal> in Subclause 5.3, “<literal>”, can be applied to SV to determine
a valid value of the data type TD, then let TV be that value.

ii) Otherwise, an exception condition is raised: data exception— invalid character value
for cast (22018).

b) If SD is Boolean, then TV is SV.

22) If SD is JSON, then TV is SV.

23) If the <cast specification> contains a <domain name> and that <domain name> refers to a domain
that contains a <domain constraint> and if TV does not satisfy the <check constraint definition>
simply contained in the <domain constraint>, then an exception condition is raised: integrity con-
straint violation (23000).

24) The result of CS is TV.

Conformance Rules

1) Without Feature T042, “Extended LOB data type support”, conforming SQL language shall not
contain a <cast operand> whose declared type is BINARY LARGE OBJECT or CHARACTER LARGE
OBJECT.

2) Without Feature F421, “National character”, conforming SQL language shall not contain a <cast
operand> whose declared type is NATIONAL CHARACTER, NATIONAL CHARACTER VARYING, or
NATIONAL CHARACTER LARGE OBJECT.

3) Without Feature T042, “Extended LOB data type support”, conforming SQL language shall not
contain a <cast operand> whose declared type is NATIONAL CHARACTER LARGE OBJECT.

4) Without Feature S043, “Enhanced reference types”, in conforming SQL language, if the declared
type of <cast operand> is a reference type, then <cast target> shall contain a <data type> that is a
reference type.

5) 15Without Feature T839, “Formatted cast of datetimes to/from character strings”, conforming SQL
language shall not contain <cast template>.

270 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
6.13 <cast specification>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


6.14 <next value expression>
This Subclause is modified by Subclause 6.3, “<next value expression>”, in ISO/IEC 9075-4.

Function

Return the next value of a sequence generator.

Format
<next value expression> ::=
NEXT VALUE FOR <sequence generator name>

Syntax Rules

1) A <next value expression> shall be directly contained in one of the following:

a) A<select list> simply contained ina<query specification> that constitutes a<queryexpression>
that is immediately contained in one of the following:

i) A <cursor specification>.

ii) A<table subquery> simply contained in an<as subquery clause> in a<table definition>.

iii) A <from subquery>.

iv) A <select statement: single row>.

b) A <select list> simply contained in a <query specification> that is immediately contained in a
<dynamic single row select statement>.

c) A <from constructor>.

d) A <merge insert value list>.

e) 04An <update source>.

2) <next value expression> shall not be contained in a <case expression>, a <search condition>, an
<order by clause>, an <aggregate function>, a <window function>, a grouped query, or in a <query
specification> that simply contains the <set quantifier> DISTINCT.

3) 04Thedeclared type of <next value expression> is the data typedescribedby the data typedescriptor
included in the sequence generator descriptor identified by <sequence generator name>.

Access Rules

1) Case:

a) If <next value expression> is contained in a <schemadefinition>, then the applicable privileges
for the <authorization identifier> that owns the containing schema shall include USAGE
privilege on the sequence generator identified by <sequence generator name>.

b) Otherwise, the current privileges shall include USAGE privilege on the sequence generator
identified by <sequence generator name>.
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General Rules

1) If <next value expression> NVE is specified, then let SEQ be the sequence generator descriptor
identified by the <sequence generator name> contained in NVE.

Case:

a) IfNVE is directly contained in a <query specification> QS, then, for each row RQS in the result
of QS, the General Rules of Subclause 9.35, “Generation of the next value of a sequence gener-
ator”, are applied with SEQ as SEQUENCE; let the value for RQS be the RESULT returned from
the application of those General Rules.

b) If NVE is directly contained in a <contextually typed table value constructor> TVC, then, for
each <contextually typed row value expression> CTRVE contained in TVC, the General Rules
of Subclause 9.35, “Generation of the next value of a sequence generator”, are applied with
SEQ as SEQUENCE; let the value for CTRVE be the RESULT returned from the application of
those General Rules.

c) If NVE is directly contained in an <update source>, then, for each row USR to be updated by
the <update statement: searched> or <update statement: positioned>, the General Rules of
Subclause 9.35, “Generation of the next value of a sequence generator”, are applied with SEQ
as SEQUENCE; let the value for USR be the RESULT returned from the application of those
General Rules.

Conformance Rules

1) Without Feature T176, “Sequence generator support”, conforming SQL language shall not contain
a <next value expression>.
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6.15 <greatest or least function>

Function

Specify functions yielding the greatest or least value of its arguments.

Format
<greatest or least function> ::=
<greatest or least> <left paren> <value expression>
    { <comma> <value expression> }... <right paren>

<greatest or least> ::=
GREATEST | LEAST

Syntax Rules

1) Let GLF be the <greatest or least function>.

2) Let NV be the number of <value expression>s immediately contained in GLF.

3) Let VV be the set of <value expression>s immediately contained in GLF and let Vi, 1 (one) ≤ i ≤ NV,
be the i-th <value expression> immediately contained in GLF.

4) For every pair Vi, 1 (one) ≤ i ≤ NV, and Vj, 1 (one) ≤ j ≤ NV, in VV, Vi and Vj shall be comparable.

5) EachVi, 1 (one)≤ i≤NV, is an operand of an ordering operation. The Syntax Rules and Conformance
Rules of Subclause 9.14, “Ordering operations”, apply.

6) The Syntax Rules of Subclause 9.5, “Result of data type combinations”, are applied with the set of
declared types of all <value expression>s simply contained in the <greatest or least function> as
DTSET; let RT be the RESTYPE returned from the application of those Syntax Rules. The declared
type of the <greatest or least function> is RT.

7) Let Ci, 1 (one) ≤ i ≤ NV, be

CAST (Vi AS RT)

Access Rules

None.

General Rules

1) If the value of any Vi, 1 (one) ≤ i ≤ NV, is the null value, then the result of GLF is the null value and
no further General Rules of this Subclause are applied.

2) If GREATEST is specified, then let OP be >=. If LEAST is specified, then let OP be <=.

3) Let R be the value of some Cx, 1 (one) ≤ x ≤NV, for x such that the result of the implied <comparison
predicate> “Cx OP Cj” is True for all j, 1 (one) ≤ j ≤ NV. If there is no such x, then let R be the null
value.

4) The result of GLF is R.
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Conformance Rules

1) Without Feature T054, “GREATEST and LEAST”, conforming SQL language shall not contain a
<greatest or least function>.
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6.16 <field reference>

Function

Reference a field of a row value.

Format
<field reference> ::=
<value expression primary> <period> <field name>

Syntax Rules

1) Let FR be the <field reference>, let VEP be the <value expression primary> immediately contained
in FR, and let FN be the <field name> immediately contained in FR.

2) The declared type of VEP shall be a row type. Let RT be that row type.

3) FR is a field reference.

4) FN shall unambiguously reference a field of RT. Let F be that field.

5) The declared type of FR is the declared type of F.

Access Rules

None.

General Rules

1) Let VR be the value of VEP.

2) Case:

a) If VR is the null value, then the value of FR is the null value.

b) Otherwise, the value of FR is the value of the field F of VR.

Conformance Rules

1) Without Feature T051, “Row types”, conforming SQL language shall not contain a <field reference>.
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6.17 <subtype treatment>

Function

Modify the declared type of an expression.

Format
<subtype treatment> ::=
TREAT <left paren> <subtype operand> AS <target subtype> <right paren>

<subtype operand> ::=
<value expression>

<target subtype> ::=
<path-resolved user-defined type name>

| <reference type>

Syntax Rules

1) The declared type VT of the <value expression> shall be a structured type or a reference type.

2) Case:

a) If VT is a structured type, then:

i) <target subtype> shall specify a <path-resolved user-defined type name>.

ii) Let DT be the structured type identified by the <user-defined type name> simply con-
tained in <path-resolved user-defined type name>.

b) Otherwise:

i) <target subtype> shall specify a <reference type>.

ii) Let DT be the reference type identified by <reference type>.

3) VT shall be a supertype of DT.

4) The declared type of the result of the <subtype treatment> is DT.

Access Rules

None.

General Rules

1) Let V be the value of the <value expression>.

2) Case:

a) If V is the null value, then the value of the <subtype treatment> is the null value.

b) Otherwise:

i) If the most specific type of V is not a subtype of DT, then an exception condition is
raised: invalid target type specification (0D000).
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NOTE 174— “most specific type” is defined in Subclause 4.9.3.4, “Subtypes and supertypes”.

ii) The value of the <subtype treatment> is V.

Conformance Rules

1) Without Feature S161, “Subtype treatment”, conforming SQLLanguage shall not contain a<subtype
treatment>.

2) Without Feature S162, “Subtype treatment for references”, conforming SQL language shall not
contain a <target subtype> that contains a <reference type>.
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6.18 <method invocation>
This Subclause is modified by Subclause 6.1, “<method invocation>”, in ISO/IEC 9075-13.

Function

Reference an SQL-invoked method of a user-defined type value.

Format
<method invocation> ::=

<direct invocation>
| <generalized invocation>

<direct invocation> ::=
<value expression primary> <period> <method name> [ <SQL argument list> ]

<generalized invocation> ::=
<left paren> <value expression primary> AS <data type> <right paren>

<period> <method name> [ <SQL argument list> ]

<method selection> ::=
<routine invocation>

<constructor method selection> ::=
<routine invocation>

Syntax Rules

1) Let OR be the <method invocation>.

2) The Syntax Rules of Subclause 9.19, “Processing a method invocation”, are applied with OR as
METHOD INVOCATION; let RI be the ROUTINE INVOCATION, let GENORCONS be the GENERALIZED
OR CONSTRUCTOR, and let TP be the SQLPATH returned from the application of those Syntax Rules.

3) Case:

a) If GENORCONS is 'M', then letMS be the <method selection>:

RI

b) Otherwise, let CMS be the <constructor method selection>:

RI

NOTE 175— These subrules set up immediate containment context used by Subclause 9.18, “Invoking an SQL-
invoked routine”, to determine the proper call type.

4) The Syntax Rules of Subclause 9.18, “Invoking an SQL-invoked routine”, are applied with RI as
ROUTINE INVOCATION, TP as SQLPATH, and the null value as UDT; let SR be the SUBJECT ROUTINE
and let SAL be the STATIC SQL ARG LIST returned from the application of those Syntax Rules.

Access Rules

None.
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General Rules

1) The General Rules of Subclause 9.18, “Invoking an SQL-invoked routine”, are applied with SR as
SUBJECTROUTINE and SAL as STATIC SQLARGLIST; letVbe theVALUE returned from the application
of those General Rules.

2) The value of <method invocation> is V.

Conformance Rules

1) Without Feature S023, “Basic structured types”, conforming SQL language shall not contain a
<method invocation>.
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6.19 <static method invocation>

Function

Invoke a static method.

Format
<static method invocation> ::=
<path-resolved user-defined type name> <double colon> <method name>
    [ <SQL argument list> ]

<static method selection> ::=
<routine invocation>

Syntax Rules

1) Let TN be the <user-defined type name> immediately contained in <path-resolved user-defined
type name> and let T be the user-defined type identified by TN.

2) LetMN be the <method name> immediately contained in <static method invocation>.

3) Case:

a) If <SQL argument list> is specified, then let AL be that <SQL argument list>.

b) Otherwise, let AL be <left paren> <right paren>.

4) LetTPbeanSQL-path containingonly the<schemaname>of every schema that includes adescriptor
of a supertype of T.

5) Let RI be the following <routine invocation>:

MN AL

6) Let SMS be the following <static method selection>:

RI

NOTE176—This sets up immediate containment context usedby Subclause9.18, “Invoking an SQL-invoked routine”,
to determine the proper call type.

7) The Syntax Rules of Subclause 9.18, “Invoking an SQL-invoked routine”, are applied with RI as
ROUTINE INVOCATION, TP as SQLPATH, and T as UDT; let SR be the SUBJECT ROUTINE and let SAL
be the STATIC SQL ARG LIST returned from the application of those Syntax Rules.

Access Rules

None.

General Rules

1) The General Rules of Subclause 9.18, “Invoking an SQL-invoked routine”, are applied with SR as
SUBJECTROUTINE and SAL as STATIC SQLARGLIST; letVbe theVALUE returned from the application
of those General Rules.

2) The value of <static method invocation> is V.
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Conformance Rules

1) Without Feature S024, “Enhanced structured types”, conforming SQL language shall not contain a
<static method invocation>.
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6.20 <new specification>
This Subclause is modified by Subclause 6.2, “<new specification>”, in ISO/IEC 9075-13.

Function

Invoke a method on a structured type.

Format
<new specification> ::=
NEW <path-resolved user-defined type name> <SQL argument list>

<new invocation> ::=
<method invocation>

| <routine invocation>

Syntax Rules

1) Let UDTN be the <path-resolved user-defined type name> immediately contained in the <new
specification>. LetMN be the <qualified identifier> immediately contained in UDTN.

2) Let UDT be the user-defined type identified by UDTN. UDT shall be instantiable. Let SN be the
implicit or explicit <schema name> ofUDTN. Let S be the schema identified by SN. Let RN be SN.MN.

3) Case:

a) If the <new specification> is of the form

NEW UDTN()

then

Case:

i) If S does not include the descriptor of an SQL-invoked constructor method whose
methodname is equivalent toMN andwhose unaugmented SQLparameter declaration
list is empty, then the <new specification> is equivalent to the <new invocation>

RN()

ii) Otherwise, the <new specification> is equivalent to the <new invocation>

RN().MN()

b) Otherwise, the <new specification>

NEW UDTN(a1, a2, ..., an)

is equivalent to the <new invocation>

RN().MN(a1, a2, ..., an)

Access Rules

None.
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NOTE177—The applicable privileges or current privileges (as appropriate) include EXECUTEprivilege on the constructor
function, and also on the indicated constructor method, according to the Syntax Rules of Subclause 9.18, “Invoking an SQL-
invoked routine”.

General Rules

13None.

Conformance Rules

1) 13Without Feature S023, “Basic structured types”, conforming SQL language shall not contain a
<new specification>.
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6.21 <attribute or method reference>

Function

Return a value acquired by accessing a column of the row identified by a value of a reference type or by
invoking an SQL-invoked method.

Format
<attribute or method reference> ::=
<value expression primary> <dereference operator> <qualified identifier>
    [ <SQL argument list> ]

<dereference operator> ::=
<right arrow>

Syntax Rules

1) The declared type of the <value expression primary> VEP shall be a reference type and the scope
included in its reference type descriptor shall not be empty. Let RT be the referenced type of VEP.

2) LetQIbe the<qualified identifier>. If <SQLargument list> is specified, then let SALbe<SQLargument
list>; otherwise, let SAL be the zero-length character string.

3) Case:

a) If QI is equivalent to the attribute name of an attribute of RT and SAL is the zero-length char-
acter string, then <attribute or method reference> is effectively replaced by a <dereference
operation> AMR of the form:

VEP -> QI

b) Otherwise, <attribute or method reference> is effectively replaced by a <method reference>
AMR of the form:

VEP -> QI SAL

4) The declared type of <attribute or method reference> is the declared type of AMR.

Access Rules

None.

General Rules

None.

Conformance Rules

1) Without Feature S041, “Basic reference types”, conforming SQL language shall not contain an
<attribute or method reference>.
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6.22 <dereference operation>

Function

Access a column of the row identified by a value of a reference type.

Format
<dereference operation> ::=
<reference value expression> <dereference operator> <attribute name>

Syntax Rules

1) Let RVE be the <reference value expression>. The reference type descriptor of RVE shall include a
scope. Let RT be the referenced type of RVE.

2) Let AN be the <attribute name>. AN shall identify an attribute AT of RT.

3) The declared type of the <dereference operation> is the declared type of AT.

4) Let S be the name of the referenceable table in the scope of the reference type of RVE.

5) Let OID be the name of the self-referencing column of S.

6) <dereference operation> is equivalent to a <scalar subquery> of the form:

( SELECT AN
FROM S
WHERE S.OID = RVE )

Access Rules

None.

General Rules

None.

Conformance Rules

1) Without Feature S041, “Basic reference types”, conforming SQL language shall not contain a
<dereference operation>.
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6.23 <method reference>

Function

Return a value acquired from invoking an SQL-invoked routine that is a method.

Format
<method reference> ::=
<value expression primary> <dereference operator> <method name> <SQL argument list>

Syntax Rules

1) The declared type of the <value expression primary> VEP shall be a reference type and the scope
included in its reference type descriptor shall not be empty.

2) LetMN be the method name specified by <method name>. LetMRAL be the <SQL argument list>.

3) The Syntax Rules of Subclause 9.19, “Processing a method invocation”, are applied with DEREF
(VEP).MN MRAL asMETHOD INVOCATION; let RI be the ROUTINE INVOCATION, let GENORCONS be
the GENERALIZED OR CONSTRUCTOR, and let TP be the SQLPATH returned from the application of
those Syntax Rules.

4) Case:

a) If GENORCONS is 'M', then letMS be the <method selection>:

RI

b) Otherwise, let CMS be the <constructor method selection>:

RI

NOTE 178— These subrules set up immediate containment context used by Subclause 9.18, “Invoking an SQL-
invoked routine”, to determine the proper call type.

5) The Syntax Rules of Subclause 9.18, “Invoking an SQL-invoked routine”, are applied with RI as
ROUTINE INVOCATION, TP as SQLPATH, and the null value as UDT; let SR be the SUBJECT ROUTINE
and let SAL be the STATIC SQL ARG LIST returned from the application of those Syntax Rules.

6) The declared type of <method reference> is the data type of the expression:

DEREF (VEP).MN MRAL

Access Rules

1) Let SCOPE be the table that is the scope of VEP.

Case:

a) If <method reference> is contained, without an intervening <SQL routine spec> that specifies
SQL SECURITY INVOKER, in an <SQL schema statement>, then the applicable privileges of the
<authorization identifier> that owns the containing schema shall include the table/method
privilege for table SCOPE and method SR.

b) Otherwise, the current privileges shall include the table/method privilege for table SCOPE
and method SR.
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General Rules

1) The General Rules of Subclause 9.18, “Invoking an SQL-invoked routine”, are applied with SR as
SUBJECTROUTINE and SAL as STATIC SQLARGLIST; letVbe theVALUE returned from the application
of those General Rules.

2) The value of <method reference> is V.

Conformance Rules

1) Without Feature S043, “Enhanced reference types”, conforming SQL language shall not contain a
<method reference>.
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6.24 <reference resolution>

Function

Obtain the value referenced by a REF value.

Format
<reference resolution> ::=
DEREF <left paren> <reference value expression> <right paren>

Syntax Rules

1) LetRRbe the<reference resolution>and letRVEbe the<reference value expression>. The reference
type descriptor of RVE shall include a scope.

2) The declared type of RR is the structured type that is referenced by the declared type of RVE.

3) Let SCOPE be the table identified by the table name included in the reference type descriptor of
RVE. SCOPE is the scoped table of RR.

NOTE 179— The term “scoped table” is defined in Subclause 4.11, “Reference types”.

Access Rules

1) Case:

a) If <reference resolution> is contained in a <schema definition>, then the applicable privileges
for the<authorization identifier> that owns the containing schema shall include SELECTWITH
HIERARCHY OPTION on at least one supertable of SCOPE.

b) Otherwise, the current privileges shall include SELECTWITHHIERARCHYOPTIONon at least
one supertable of SCOPE.

General Rules

1) Letm be the number of subtables of SCOPE. Let Si, 1 (one) ≤ i ≤m, be the subtables, arbitrarily
ordered, of SCOPE.

2) For each Si, 1 (one) ≤ i ≤m, let SNi be the name of Si, let STNi be the name included in the descriptor
of Si of the structured type STi associated with Si, let REFCOLi be the name of the self-referencing
column of Si, let Ni be the number of attributes of STi, and let Ai,j, 1 (one) ≤ j ≤ Ni, be the names of
the attributes of STi, therefore also the names of the columns of Si.

3) The value of <reference resolution> is the value of:

(
SELECT A1,1 ( ... A1,N1

         ( STN1(), A1,N1 ), ... A1,1 )

FROM ONLY SN1
WHERE S1.REFCOL1 = RVE
UNION
SELECT A2,1 ( ... A2,N2

         ( STN2(), A2,N2 ), ... A2,1 )
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FROM ONLY SN2
WHERE S2.REFCOL2 = RVE
UNION
 ...
UNION
SELECT Am,1 ( ... Am,Nm

         ( STNm(), Am,Nm ), ... Am,1 )

FROM ONLY SNm
WHERE Sm.REFCOLm = RVE

)

NOTE 180— The evaluation of this General Rule is effectively performed without further Access Rule checking.

Conformance Rules

1) Without Feature S043, “Enhanced reference types”, conforming SQL language shall not contain a
<reference resolution>.
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6.25 <array element reference>

Function

Return an element of an array.

Format
<array element reference> ::=
<array value expression>

<left bracket or trigraph> <numeric value expression> <right bracket or trigraph>

Syntax Rules

1) The declared type of an <array element reference> is the element type of the specified <array value
expression>.

2) The declared type of <numeric value expression> shall be exact numeric with scale 0 (zero).

Access Rules

None.

General Rules

1) If the value of <array value expression> or <numeric value expression> is the null value, then the
result of <array element reference> is the null value.

2) Let i be the value of <numeric value expression>.

Case:

a) If i is greater than zero and less than or equal to the cardinality of <array value expression>,
then the result of <array element reference> is the value of the i-th element of the value of
<array value expression>.

b) Otherwise, an exception condition is raised: data exception— array element error (2202E).

Conformance Rules

1) Without Feature S090, “Minimal array support”, conforming SQL language shall not contain an
<array element reference>.
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6.26 <multiset element reference>

Function

Return the sole element of a multiset of one element.

Format
<multiset element reference> ::=
ELEMENT <left paren> <multiset value expression> <right paren>

Syntax Rules

1) LetMVE be the <multiset value expression>. The <multiset element reference> is equivalent to the
<scalar subquery>

( SELECT M.E
FROM UNNEST (MVE) AS M(E) )

Access Rules

None.

General Rules

None.

Conformance Rules

1) Without Feature S271, “Basic multiset support”, conforming SQL language shall not contain a
<multiset element reference>.
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6.27 <row pattern navigation operation>

Function

Return the value of a value expression evaluated in a rowdeterminedbynavigationwithin the rowpattern
partition using logical and physical offsets from a rowmapped to a row pattern variable.

Format
<row pattern navigation operation> ::=

<row pattern navigation: logical>
| <row pattern navigation: physical>
| <row pattern navigation: compound>

<row pattern navigation: logical> ::=
[ <running or final> ] <first or last>

<left paren> <value expression> [ <comma> <logical offset> ] <right paren>

<row pattern navigation: physical> ::=
<prev or next>

<left paren> <value expression> [ <comma> <physical offset> ] <right paren>

<row pattern navigation: compound> ::=
<prev or next> <left paren> [ <running or final> ] <first or last>

<left paren> <value expression> [ <comma> <logical offset> ] <right paren>
    [ <comma> <physical offset> ] <right paren>

<first or last> ::=
FIRST | LAST

<prev or next> ::=
PREV | NEXT

<logical offset> ::=
<simple value specification>

| <dynamic parameter specification>

<physical offset> ::=
<simple value specification>

| <dynamic parameter specification>

Syntax Rules

1) Let RPNO be the <row pattern navigation operation>. RPNO shall be contained in a <row pattern
measures> or a <row pattern definition search condition>.

2) The<value expression>VE simply contained inRPNO shall not contain a<set function specification>,
<window function>, or <row pattern navigation operation>.

3) VE shall contain at least one row pattern column reference or <classifier function>.

4) There shall be exactly one row pattern variableRPV such that RPV qualifies every column reference
contained in VE and such that the explicit or implicit argument of every <classifier function> isRPV.

5) If <row pattern navigation: logical> or <row pattern navigation: compound> is specified, then:

a) If <running or final> is not specified, then RUNNING is implicit.
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b) If FINAL is specified, then RPNO shall not be contained in a <row pattern definition search
condition>.

c) Case:

i) If <logical offset> LO is specified, then the declared type of LO shall be exact numeric
with scale 0 (zero). If LO is a <literal>, then the value of LO shall be non-negative.

ii) Otherwise, the <literal> 0 (zero) is implicit.

6) If <row pattern navigation: physical> or <row pattern navigation: compound> is specified, then

Case:

a) If <physical offset> PO is specified, then the declared type of PO shall be exact numeric with
scale 0 (zero). If PO is a <literal>, then the value of PO shall be non-negative.

b) Otherwise, the <literal> 1 (one) is implicit.

7) If <row pattern navigation: physical> is specified, then let PON be the <prev or next>, and let POX
be the specified or implicit <physical offset>. RPNO is equivalent to the <row pattern navigation:
compound>

PON (RUNNING LAST (VE, 0), POX)

8) If <row pattern navigation: logical> is specified, then let ROF be the specified or implicit <running
or final>, let FOL be the <first or last>, and let LOX be the specified or implicit <logical offset>. RPNO
is equivalent to the <row pattern navigation: compound>

PREV (ROF FOL (VE, LOX), 0)

Access Rules

None.

General Rules

1) If <row pattern navigation: compound> RPNC is specified, then let PON be the <prev or next>, let
ROFbe the<running orfinal>, letFOLbe the<first or last>, letLOVbe the value of the <logical offset>,
and let POV be the value of the <physical offset>.

2) If either LOV or POV is not 0 (zero) or positive, then an exception condition is raised: data exception
— invalid argument for row pattern navigation function (2202J).

3) Case:

a) If RPNC is contained in <row pattern recognition clause> RPRC, then let RPOB be the <row
pattern order by> simply contained in RPRC.

b) Otherwise, let RPOB be the <window order clause> of the window structure descriptor of the
<window clause> that contains RPNC.

4) Case:

a) If RPNC is contained in a <row pattern definition search condition>, then let (STR, RS, k) be
the current potential row pattern match.

b) If RPNC is contained in a <row pattern recognition clause>, then let (STR, RS, k) be the current
retained row pattern match.
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c) Otherwise, let (STR, RS, k) be the current designated row pattern match.
NOTE 181—The definitions of potential, retained, and designated row pattern matches are expressed as “(STR, RS,
k)”, as specified in Subclause 9.41, “Row pattern recognition in a sequence of rows”.

5) Let SR1 be the set of rows that are mapped to RPV by (STR, RS, k)

6) Case:

a) If ROF is RUNNING, then let SR2 be the set of rows in SR1 that are the same as the current row,
or that precede the current row in the ordering of rows according to RPOB.

b) Otherwise, let SR2 be SR1.

7) Let RP be the row pattern partition that contains the current row.
NOTE 182— If RP is a window partition, then RS is typically a proper subset of RP.

8) Let NP be the number of rows in RP. Let { R1, ... RNP } be the enumeration of the rows of RP in the
ordering specified by RPOB.

9) Let LN be the number of rows in SR2. Let the rows of SR2 beMR1, ...,MRLN, in the order of rows
according to RPOB.

10) Let RV be an implementation-dependent (UV072) range variable that is distinct from every range
variablewhose scope includesRPNC. LetVXbe the<value expression>obtained fromVEby replacing
every occurrence of RPV by RV.

11) Case:

a) If LOV ≥ LN, then the result of RPNC is the null value.

b) Otherwise:

i) Case:

1) If FOL is FIRST, then let LR beMRLOV+1.

2) Otherwise, let LR beMRLN−LOV.

ii) Let n be the row number of LR in RP, so that LR is Rn.

iii) Case:

1) If PON is PREV, then

Case:

A) If POV ≥ n, then the result of RPNC is the null value.

B) Otherwise, the result ofRPNC is the valueofVX evaluatedwith range variable
RV identifying row Rn−POV.

2) Otherwise:

A) If n+POV > NP, then the result of RPNC is the null value.

B) Otherwise, the result ofRPNC is the valueofVX evaluatedwith range variable
RV identifying row Rn+POV.
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Conformance Rules

1) Without at least one of Feature R010, “Row pattern recognition: FROM clause”, or Feature R020,
“Rowpattern recognition:WINDOWclause”, conformingSQL language shall not contain<rowpattern
navigation operation>.
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6.28 <JSON value function>

Function

Extract an SQL value of a predefined type from a JSON value.

Format
<JSON value function> ::=
JSON_VALUE <left paren>

<JSON API common syntax>
    [ <JSON returning clause> ]
    [ <JSON value empty behavior> ON EMPTY ]
    [ <JSON value error behavior> ON ERROR ]
<right paren>

<JSON returning clause> ::=
RETURNING <data type>

<JSON value empty behavior> ::=
ERROR

| NULL
| DEFAULT <value expression>

<JSON value error behavior> ::=
ERROR

| NULL
| DEFAULT <value expression>

Syntax Rules

1) If <JSON returning clause> is not specified, then an implementation-defined (ID074) character
string type is implicit.

2) The <data type> DT contained in the explicit or implicit <JSON returning clause> shall be a <pre-
defined type> that identifies a character string data type, numeric data type, Boolean data type, or
datetime data type.

3) The declared type of <JSON value function> is the type specified by DT.

4) If <JSON value empty behavior> is not specified, then NULL ON EMPTY is implicit.

5) If <JSON value error behavior> is not specified, then NULL ON ERROR is implicit.

Access Rules

None.

General Rules

1) Let JACS be the <JSON API common syntax>.

2) If the value of the <JSON context item> simply contained in JACS is the null value, then the result of
<JSON value function> is the null value and no further General Rules of this Subclause are applied.
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3) The General Rules of Subclause 9.47, “Processing <JSON API common syntax>”, are applied with
JACS as JSON API COMMON SYNTAX; let ST1 be the STATUS and let SEQ be the SQL/JSON SEQUENCE
returned from the application of those General Rules.

4) Let ZB be the explicit or implicit <JSON value empty behavior>, and let EB be the explicit or implicit
<JSON value error behavior> contained in the <JSON value function>.

5) The General Rules of Subclause 9.48, “Casting an SQL/JSON sequence to an SQL type”, are applied
with ST1 as STATUS IN, SEQ as SQL/JSON SEQUENCE, ZB as EMPTY BEHAVIOR, EB as ERROR BEHA-
VIOR, and DT as DATA TYPE; let SR2 be the STATUS OUT and let V be the VALUE returned from the
application of those General Rules.

6) If ST2 is an exception condition, then the exception condition ST2 is raised. Otherwise,V is the result
of the <JSON value function>.

Conformance Rules

1) Without Feature T821, “Basic SQL/JSON query operators”, conforming SQL language shall not
contain <JSON value function>.

2) Without FeatureT825, “SQL/JSON:ONEMPTYandONERRORclauses”, <JSONvalue function> shall
not contain <JSON value empty behavior>.

3) Without FeatureT825, “SQL/JSON:ONEMPTYandONERRORclauses”, <JSONvalue function> shall
not contain <JSON value error behavior>.

4) Without Feature T826, “General value expression in ON ERROR or ON EMPTY clauses”, the <value
expression> contained in <JSON value empty behavior> or <JSON value error behavior> shall be a
<literal> that can be cast to the data type specifiedby the explicit or implicit <JSON returning clause>
without raising an exception condition according to the General Rules of Subclause 6.13, “<cast
specification>”.
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6.29 <value expression>
This Subclause is modified by Subclause 6.3, “<value expression>”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 6.8, “<value expression>”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 6.8, “<value expression>”, in ISO/IEC 9075-15.

Function

Specify a value.

Format
<value expression> ::=

<common value expression>
| <boolean value expression>
| <row value expression>

09  14 <common value expression> ::=
<numeric value expression>

| <string value expression>
| <datetime value expression>
| <interval value expression>
| <user-defined type value expression>
| <reference value expression>
| <collection value expression>
| <JSON value expression>

<user-defined type value expression> ::=
<value expression primary>

<reference value expression> ::=
<value expression primary>

15 <collection value expression> ::=
<array value expression>

| <multiset value expression>

Syntax Rules

1) The declared type of a <value expression> is the declared type of the immediately contained
<common value expression>, <boolean value expression>, or <row value expression>.

2) 09 14The declared type of a <common value expression> is the declared type of the immediately
contained <numeric value expression>, <string value expression>, <datetime value expression>,
<interval value expression>, <user-defined type value expression>, <collection value expression>,
<JSON value expression>, or <reference value expression>, respectively.

3) The declared type of a <user-defined type value expression> is the declared type of the immediately
contained <value expression primary>, which shall be a user-defined type.

4) Thedeclared typeof a<referencevalue expression> is thedeclared typeof the immediately contained
<value expression primary>, which shall be a reference type.

5) 15The declared type of a <collection value expression> is the declared type of the immediately
contained <array value expression> or <multiset value expression>.
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6) Let C be some column. Let VE be the <value expression>. C is an underlying column of VE if C is
identified by some column reference contained in VE. C is a generally underlying column of VE if C
is an underlying column of VE or C is a generally underlying column of an underlying column of VE.

Access Rules

None.

General Rules

1) The value of a <value expression> is the value of the simply contained <common value expression>,
<boolean value expression>, or <row value expression>.

2) 14The value of a <common value expression> is the value of the immediately contained <numeric
value expression>, <string value expression>, <datetime value expression>, <interval value
expression>, <user-defined type value expression>, <collection value expression>, <JSON value
expression>, or <reference value expression>.

3) When a <value expression> V is evaluated for a row R of a table, each reference to a column of that
table by a column reference CR directly contained in V is the value of that column in that row.

4) 15The value of a <collection value expression> is the value of its immediately contained<array value
expression> or <multiset value expression>.

5) The value of a <reference value expression> RVE is the value of the <value expression primary>
immediately contained in RVE.

Conformance Rules

1) Without Feature T031, “BOOLEAN data type”, conforming SQL language shall not contain a <value
expression> that is a <boolean value expression>.

2) 15Without Feature S041, “Basic reference types”, conforming SQL language shall not contain a
<reference value expression>.
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6.30 <numeric value expression>

Function

Specify a numeric value.

Format
<numeric value expression> ::=

<term>
| <numeric value expression> <plus sign> <term>
| <numeric value expression> <minus sign> <term>

<term> ::=
<factor>

| <term> <asterisk> <factor>
| <term> <solidus> <factor>

<factor> ::=
[ <sign> ] <numeric primary>

<numeric primary> ::=
<value expression primary>

| <numeric value function>

Syntax Rules

1) Case:

a) If the declared type of either operand of a dyadic arithmetic operator is the decimal floating-
point type, then the declared type of the result is the decimal floating-point type with an
implementation-defined (IV134) precision.

b) If the declared type of either operand of a dyadic arithmetic operator is approximate numeric,
then thedeclared typeof the result is an implementation-defined(IV135)approximatenumeric
type.

c) Otherwise, the declared type of both operands of a dyadic arithmetic operator is exact numeric
and the declared type of the result is an implementation-defined (IV136) exact numeric type,
with precision and scale determined as follows:

i) Let S1 and S2 be the scale of the first and second operands respectively.

ii) The precision of the result of addition and subtraction is implementation-defined
(IV136), and the scale is the maximum of S1 and S2.

iii) The precision of the result of multiplication is implementation-defined (IV136), and
the scale is S1 + S2.

iv) The precision and scale of the result of division are implementation-defined (IV136).

2) The declared type of a <factor> is that of the immediately contained <numeric primary>.

3) The declared type of a <numeric primary> shall be numeric.

4) If a <numeric value expression> immediately contains a<minus sign>NMSand immediately contains
a <term> that is a <factor> that immediately contains a <sign> that is a <minus sign> FMS, then
there shall be a <separator> between NMS and FMS.
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Access Rules

None.

General Rules

1) If the value of any <numeric primary> simply contained in a <numeric value expression> is the null
value, then the result of the <numeric value expression> is the null value.

2) If the<numeric value expression>containsonly a<numericprimary>, then the result of the<numeric
value expression> is the value of the specified <numeric primary>.

3) The monadic arithmetic operators <plus sign> and <minus sign> (+ and −, respectively) specify
monadic plus andmonadicminus, respectively.Monadic plus does not change its operand.Monadic
minus reverses the sign of its operand.

4) The dyadic arithmetic operators <plus sign>, <minus sign>, <asterisk>, and <solidus> (+, −, *, and
/, respectively) specify addition, subtraction, multiplication, and division, respectively. If the value
of a divisor is zero, then an exception condition is raised: data exception—division by zero (22012).

5) If the most specific type of the result of an arithmetic operation is exact numeric, then

Case:

a) If the operator is not division and the mathematical result of the operation is not exactly
representablewith the precision and scale of the declared type of the result, then an exception
condition is raised: data exception— numeric value out of range (22003).

b) If the operator is division and the approximate mathematical result of the operation repres-
entedwith the precision and scale of the declared type of the result loses one ormore leading
significant digits after rounding or truncating if necessary, then an exception condition is
raised: data exception— numeric value out of range (22003). The choice of whether to round
or truncate is implementation-defined (IA002).

6) If the most specific type of the result of an arithmetic operation is approximate numeric and the
exponent of the approximatemathematical result of the operation is notwithin the implementation-
defined (IL054) exponent range for the declared type of the result, then an exception condition is
raised: data exception— numeric value out of range (22003).

7) If the most specific typeMST of the result of an arithmetic operation is the decimal floating point
type, then the result is an implementation-defined (IV086) value IV ofMST such that no other value
ofMST is strictly between IV and the mathematical resultMR of the operation. If the exponent of
IV is not within the implementation-defined (IL054) exponent range forMST, then an exception
condition is raised: data exception— numeric value out of range (22003).

Conformance Rules

None.
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6.31 <numeric value function>
This Subclause is modified by Subclause 6.9, “<numeric value function>”, in ISO/IEC 9075-15.

Function

Specify a function yielding a value of type numeric.

Format
15 <numeric value function> ::=

<position expression>
| <regex occurrences function>
| <regex position expression>
| <extract expression>
| <length expression>
| <cardinality expression>
| <max cardinality expression>
| <absolute value expression>
| <modulus expression>
| <trigonometric function>
| <general logarithm function>
| <common logarithm>
| <natural logarithm>
| <exponential function>
| <power function>
| <square root>
| <floor function>
| <ceiling function>
| <width bucket function>
| <match number function>

<position expression> ::=
<character position expression>

| <binary position expression>

<regex occurrences function> ::=
OCCURRENCES_REGEX <left paren>

<XQuery pattern> [ FLAG <XQuery option flag> ]
IN <regex subject string>

    [ FROM <start position> ]
    [ USING <char length units> ]

<right paren>

<XQuery pattern> ::=
<character value expression>

<XQuery option flag> ::=
<character value expression>

<regex subject string> ::=
<character value expression>

<regex position expression> ::=
POSITION_REGEX <left paren>
    [ <regex position start or after> ]

<XQuery pattern> [ FLAG <XQuery option flag> ]
IN <regex subject string>

    [ FROM <start position> ]
    [ USING <char length units> ]

302 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
6.31 <numeric value function>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


    [ OCCURRENCE <regex occurrence> ]
    [ GROUP <regex capture group> ]

<right paren>

<regex position start or after> ::=
START

| AFTER

<regex occurrence> ::=
<numeric value expression>

<regex capture group> ::=
<numeric value expression>

<character position expression> ::=
POSITION <left paren> <character value expression 1> IN <character value expression 2>
    [ USING <char length units> ] <right paren>

<character value expression 1> ::=
<character value expression>

<character value expression 2> ::=
<character value expression>

<binary position expression> ::=
POSITION <left paren> <binary value expression> IN <binary value expression> <right paren>

<length expression> ::=
<char length expression>

| <octet length expression>

<char length expression> ::=
{ CHAR_LENGTH | CHARACTER_LENGTH } <left paren> <character value expression>
    [ USING <char length units> ] <right paren>

<octet length expression> ::=
OCTET_LENGTH <left paren> <string value expression> <right paren>

<extract expression> ::=
EXTRACT <left paren> <extract field> FROM <extract source> <right paren>

<extract field> ::=
<primary datetime field>

| <time zone field>

<time zone field> ::=
TIMEZONE_HOUR

| TIMEZONE_MINUTE

<extract source> ::=
<datetime value expression>

| <interval value expression>

<cardinality expression> ::=
CARDINALITY <left paren> <collection value expression> <right paren>

<max cardinality expression> ::=
ARRAY_MAX_CARDINALITY <left paren> <array value expression> <right paren>

<absolute value expression> ::=
ABS <left paren> <numeric value expression> <right paren>

<modulus expression> ::=
MOD <left paren> <numeric value expression dividend> <comma>

<numeric value expression divisor> <right paren>
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<numeric value expression dividend> ::=
<numeric value expression>

<numeric value expression divisor> ::=
<numeric value expression>

<trigonometric function> ::=
<trigonometric function name> <left paren> <numeric value expression> <right paren>

<trigonometric function name> ::=
SIN | COS | TAN | SINH | COSH | TANH | ASIN | ACOS | ATAN

<general logarithm function> ::=
LOG <left paren> <general logarithm base> <comma>

<general logarithm argument> <right paren>

<general logarithm base> ::=
<numeric value expression>

<general logarithm argument> ::=
<numeric value expression>

<common logarithm> ::=
LOG10 <left paren> <numeric value expression> <right paren>

<natural logarithm> ::=
LN <left paren> <numeric value expression> <right paren>

<exponential function> ::=
EXP <left paren> <numeric value expression> <right paren>

<power function> ::=
POWER <left paren> <numeric value expression base> <comma>

<numeric value expression exponent> <right paren>

<numeric value expression base> ::=
<numeric value expression>

<numeric value expression exponent> ::=
<numeric value expression>

<square root> ::=
SQRT <left paren> <numeric value expression> <right paren>

<floor function> ::=
FLOOR <left paren> <numeric value expression> <right paren>

<ceiling function> ::=
{ CEIL | CEILING } <left paren> <numeric value expression> <right paren>

<width bucket function> ::=
WIDTH_BUCKET <left paren> <width bucket operand> <comma> <width bucket bound 1> <comma>

<width bucket bound 2> <comma> <width bucket count> <right paren>

<width bucket operand> ::=
<numeric value expression>

<width bucket bound 1> ::=
<numeric value expression>

<width bucket bound 2> ::=
<numeric value expression>

<width bucket count> ::=
<numeric value expression>
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<match number function> ::=
MATCH_NUMBER <left paren> <right paren>

Syntax Rules

1) If <position expression>, <regex occurrences function>, or <regex position expression> is specified,
then the declared type of the result is an implementation-defined (IV137) exact numeric type with
scale 0 (zero).

2) If <character position expression> is specified, then <character value expression 1> and <character
value expression 2> shall be comparable.

3) If <regex occurrences function> is specified, then:

a) <XQuery pattern> and <regex subject string> shall be comparable.

b) The declared type of <start position> shall be exact numeric with scale 0 (zero).

c) If <start position> is not specified, then 1 (one) is implicit.

d) Case:

i) If <char length units> is specified, then the character repertoire of the <regex subject
string> shall be UCS.

ii) Otherwise, CHARACTERS is implicit.

e) If <XQuery option flag> is not specified, then the zero-length character string is implicit.

4) If <regex position expression> is specified, then:

a) <XQuery pattern> and <regex subject string> shall be comparable.

b) If <regex position start or after> is not specified, then START is implicit.

c) The declared type of <start position>, <regex occurrence>, and <regex capture group> shall
be exact numeric with scale 0 (zero).

d) If <start position> is not specified, then 1 (one) is implicit.

e) Case:

i) If <char length units> is specified, then the character repertoire of the <regex subject
string> shall be UCS.

ii) Otherwise, CHARACTERS is implicit.

f) If <regex occurrence> is not specified, then 1 (one) is implicit.

g) If <regex capture group> is not specified, then 0 (zero) is implicit.

h) If <XQuery option flag> is not specified, then the zero-length character string is implicit.

5) Case:

a) If the character encoding form of <string value expression> is not UTF8, UTF16, or UTF32,
then <char length units> shall not be specified.

b) Otherwise, if <char length units> is not specified, then CHARACTERS is implicit.

6) If <extract expression> is specified, then

Case:
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a) If <extract field> is a <primary datetimefield>, then it shall identify a <primary datetimefield>
of the <interval value expression> or <datetime value expression> immediately contained in
<extract source>.

b) If <extract field> is a <time zone field>, then the declared type of the <extract source> shall
be TIMEWITH TIME ZONE or TIMESTAMPWITH TIME ZONE.

7) If <extract expression> is specified, then

Case:

a) If <extract field> is a <primarydatetimefield> that does not specify SECONDor<extract field>
is not a <primary datetime field>, then the declared type of the result is an implementation-
defined (IV138) exact numeric type with scale 0 (zero).

b) Otherwise, the declared type of the result is an implementation-defined (IV138) exact numeric
type with scale not less than the specified or implied <time fractional seconds precision> or
<interval fractional seconds precision>, as appropriate, of the SECOND <primary datetime
field> of the <extract source>.

8) If a <length expression> is specified, then the declared type of the result is an implementation-
defined (IV139) exact numeric type with scale 0 (zero).

9) If <cardinality expression> is specified, then the declared type of the result is an implementation-
defined (IV152) exact numeric type with scale 0 (zero).

10) If <max cardinality expression> is specified, then thedeclared typeof the result is an implementation-
defined (IV153) exact numeric type with scale 0 (zero).

11) If <absolute value expression> is specified, then the declared type of the result is the declared type
of the immediately contained <numeric value expression>.

12) If <modulus expression> is specified, then the declared type of each <numeric value expression>
shall be either exact numeric with scale 0 (zero) or the decimal floating-point type. The declared
type of the result is

Case:

a) If the declared type of either <numeric value expression> is the decimal floating-point type,
then the decimal floating-point type with implementation-defined (IV140) precision.

b) Otherwise, thedeclared typeof the immediately contained<numeric value expressiondivisor>.

13) If <trigonometric function> is specified, then

Case:

a) If the declared type of <numeric value expression> is the decimal floating-point type, then
the declared type of the result is decimal floating-point type with implementation-defined
(IV143) precision.

b) Otherwise, the declared type of the result is an implementation-defined (IV144) approximate
numeric type.

14) The declared type of the result of <general logarithm function> is

Case:

a) If the declared type of either <numeric value expression> is the decimal floating-point type,
then the decimal floating-point type with implementation-defined (IV141) precision.

b) Otherwise, an implementation-defined (IV142) approximate numeric type.
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15) If <common logarithm> is specified, then let NVE be the simply contained <numeric value expres-
sion>. The <common logarithm> is equivalent to

LOG (10, NVE)

16) The declared type of the result of <natural logarithm> is

Case:

a) If the declared type of <numeric value expression> is the decimal floating-point type, then
the decimal floating-point type with implementation-defined (IV145) precision.

b) Otherwise, an implementation-defined (IV146) approximate numeric type.

17) The declared type of the result of <exponential function> is

Case:

a) If the declared type of <numeric value expression> is the decimal floating-point type, then
the decimal floating-point type with implementation-defined (IV147) precision.

b) Otherwise, an implementation-defined (IV148) approximate numeric type.

18) The declared type of the result of <power function> is

Case:

a) If the declared type of either <numeric value expression> is the decimal floating-point type,
then the decimal floating-point type with implementation-defined (IV149) precision.

b) Otherwise, an implementation-defined (IV150) approximate numeric type.

19) If <square root> is specified, then let NVE be the simply contained <numeric value expression>.
The <square root> is equivalent to

POWER (NVE, 0.5)

20) If <floor function> or <ceiling function> is specified, then

Case:

a) If thedeclared typeof the simply contained<numeric value expression>NVE is exact numeric,
then the declared type of the result is exact numeric with implementation-defined (IV151)
precision, with the radix of NVE, and with scale 0 (zero).

b) If the declared type of the simply contained <numeric value expression> NVE is approximate
numeric, then the declared type of the result is approximate numeric with implementation-
defined (IV151) precision.

c) Otherwise, the declared type of the result is the decimal floating-point with implementation-
defined (IV151) precision.

21) If <width bucket function> is specified, then the declared type of <width bucket count> shall be
exact numeric with scale 0 (zero). The declared type of the result of <width bucket function> is the
declared type of <width bucket count>.

22) 15 If <match number function>MNF is specified, then:

a) MNF shall be contained in a <row pattern recognition clause>.

b) The declared type of the result ofMNF is exact numericwith implementation-defined (IV154)
precision and scale 0 (zero).
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Access Rules

None.

General Rules

1) Case:

a) If <max cardinality expression>MCE is specified, then the result ofMCE is the maximum car-
dinality of the declared type of the <array value expression> simply contained inMCE.

b) Otherwise, if thevalueof oneormore<stringvalueexpression>s, <datetimevalueexpression>s,
<interval value expression>s, and <collection value expression>s that are simply contained
in a <numeric value function> is the null value, then the result of the <numeric value function>
is the null value and no further General Rules of this Subclause are applied.

2) If <character position expression> is specified, then let CVE1 be the value of <character value
expression 1> and let CVE2 be the value of <character value expression 2>.

Case:

a) If CHAR_LENGTH(CVE1) is 0 (zero), then the result is 1 (one).

b) If <char length units> is specified, then let CLU be <char length units>; otherwise, let CLU be
CHARACTERS. If there is at least one value P such that

CVE1 = SUBSTRING ( CVE2 FROM P FOR CHAR_LENGTH (CVE1 USING CLU ) USING CLU )

then the result is the least such P.
NOTE 183— The collation used is determined in the normal way.

c) Otherwise, the result is 0 (zero).

3) If <binary position expression> is specified, then

Case:

a) If the first <binary value expression> has a length of 0 (zero), then the result is 1 (one).

b) If the value of the first <binary value expression> is equal to an identical-length substring of
contiguous octets from the value of the second <binary value expression>, then the result is
1 (one) greater than the number of octets within the value of the second <binary value
expression> preceding the start of the first such substring.

c) Otherwise, the result is 0 (zero).

4) If <extract expression> is specified, then

Case:

a) If <extract field> is a <primary datetime field>, then the result is the value of the datetime
field identifiedby that <primarydatetimefield> andhas the same sign as the <extract source>.

NOTE 184— If the value of the identified <primary datetime field> is zero or if <extract source> is not an
<interval value expression>, then the sign is irrelevant.

b) Otherwise, let TZ be the interval value of the implicit or explicit time zone displacement
associated with the <datetime value expression>.

Case:

308 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
6.31 <numeric value function>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


i) If <extract field> is TIMEZONE_HOUR, then the result is calculated as EXTRACT (HOUR
FROM TZ).

ii) Otherwise, the result is calculated as EXTRACT (MINUTE FROM TZ)

5) If a <char length expression> is specified, then

Case:

a) If the character encoding formof <character value expression> is not UTF8, UTF16, or UTF32,
then let S be the <string value expression>.

Case:

i) If the most specific type of S is character string, then the result is the number of char-
acters in the value of S.

NOTE185—Thenumber of characters in a character string is determined according to the semantics
of the character set of that character string.

ii) Otherwise, the result is OCTET_LENGTH(S).

b) Otherwise, the result is the number of explicit or implicit <char length units> in <char length
expression>, counted in accordance with the definition of those units in the relevant norma-
tively referenced document.

6) If an <octet length expression> is specified, then let S be the <string value expression>. Let BL be
the number of bits (binary digits) in the value of S. The result of the <octet length expression> is
the smallest integer not less than the quotient of the division (BL/8).

7) The result of <cardinality expression> is the number of elements of the result of the <collection
value expression>.

8) If <absolute value expression> is specified, then let N be the value of the immediately contained
<numeric value expression>.

Case:

a) If N is the null value, then the result is the null value.

b) If N ≥ 0, then the result is N.

c) Otherwise, the result is −1 *N. If −1 *N is not representable by the declared type of the result,
then an exception condition is raised: data exception— numeric value out of range (22003).

9) If <modulus expression> is specified, then letNbe the value of the immediately contained<numeric
value expression dividend> and letM be the value of the immediately contained <numeric value
expression divisor>.

Case:

a) If at least one of N andM is the null value, then the result is the null value.

b) IfM is zero, then an exception condition is raised: data exception— division by zero (22012).

c) Otherwise, the result is the unique exact numeric value Rwith scale 0 (zero) such that all of
the following are true:

i) R has the same sign as N.

ii) The absolute value of R is less than the absolute value ofM.

iii) N =M * K + R for some exact numeric value Kwith scale 0 (zero).
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10) If <trigonometric function> is specified, then let V be the value of the simply contained <numeric
value expression>, which represents an angle expressed in radians.

Case:

a) If V is the null value, then the result is the null value.

b) Otherwise, let OP be the <trigonometric function name>.

Case:

i) If OP is ACOS, then

Case:

1) If V is less than −1 (negative one) or V is greater than 1 (one), then an exception
condition is raised: data exception— numeric value out of range (22003).

2) Otherwise, the result of the <trigonometric function> is the inverse cosine of V.

ii) If OP is ASIN, then

Case:

1) If V is less than −1 (negative one) or V is greater than 1 (one), then an exception
condition is raised: data exception— numeric value out of range (22003).

2) Otherwise, the result of the <trigonometric function> is the inverse sine of V.

iii) If OP is ATAN, then the result is the inverse tangent of V.

iv) If OP is COS, then the result is the cosine of V.

v) If OP is COSH, then the result is the hyperbolic cosine of V.

vi) If OP is SIN, then the result is the sine of V.

vii) If OP is SINH, then the result is the hyperbolic sine of V.

viii) If OP is TAN, then the result is the tangent of V.

ix) If OP is TANH, then the result is the hyperbolic tangent of V.

11) If <general logarithm function> is specified, then letVBbe the value of the <general logarithmbase>
and let VA be the value of the <general logarithm argument>.

Case:

a) If at least one of VA and VB is the null value, then the result is the null value.

b) If VA is negative or 0 (zero), then an exception condition is raised: data exception— numeric
value out of range (22003).

c) If VB is negative, 0 (zero), or 1 (one), then an exception condition is raised: data exception—
numeric value out of range (22003).

d) Otherwise, the result is the logarithm with base VB of VA.

12) If <natural logarithm> is specified, then let V be the value of the simply contained <numeric value
expression>.

Case:

a) If V is the null value, then the result is the null value.
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b) If V is 0 (zero) or negative, then an exception condition is raised: data exception— invalid
argument for natural logarithm (2201E).

c) Otherwise, the result is the natural logarithm of V.

13) If <exponential function> is specified, then letVbe the valueof the simply contained<numeric value
expression>.

Case:

a) If V is the null value, then the result is the null value.

b) Otherwise, the result is e (the base of natural logarithms) raised to the power V. If the result
is not representable in the declared type of the result, then an exception condition is raised:
data exception— numeric value out of range (22003).

14) If <power function> is specified, then let NVEB be the <numeric value expression base>, then let
VB be the value of NVEB, let NVEE be the <numeric value expression exponent>, and let VE be the
value of NVEE.

Case:

a) If at least one of VB and VE is the null value, then the result is the null value.

b) If VB is 0 (zero) and VE is negative, then an exception condition is raised: data exception—
invalid argument for power function (2201F).

c) If VB is 0 (zero) and VE is 0 (zero), then the result is 1 (one).

d) If VB is 0 (zero) and VE is positive, then the result is 0 (zero).

e) If VB is negative and VE is not equal to an exact numeric value with scale 0 (zero), then an
exception condition is raised: data exception— invalid argument for power function (2201F).

f) If VB is negative and VE is equal to an exact numeric value with scale 0 (zero) that is an even
number, then the result is the result of

EXP(NVEE*LN(-NVEB))

g) If VB is negative and VE is equal to an exact numeric value with scale 0 (zero) that is an odd
number, then the result is the result of

-EXP(NVEE*LN(-NVEB))

h) Otherwise, the result is the result of

EXP(NVEE*LN(NVEB))

15) If <floor function> is specified, then let V be the value of the simply contained <numeric value
expression> NVE.

Case:

a) If V is the null value, then the result is the null value.

b) Otherwise,

Case:

i) If the most specific type of NVE is exact numeric, then the result is the greatest exact
numeric value with scale 0 (zero) that is less than or equal to V. If this result is not
representable by the declared type of the result, then an exception condition is raised:
data exception— numeric value out of range (22003).
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ii) Otherwise, the result is the greatest whole number that is less than or equal to V. If this
result is not representableby thedeclared typeof the result, then anexception condition
is raised: data exception— numeric value out of range (22003).

16) If <ceiling function> is specified, then let V be the value of the simply contained <numeric value
expression> NVE.

Case:

a) If V is the null value, then the result is the null value.

b) Otherwise,

Case:

i) If the most specific type of NVE is exact numeric, then the result is the least exact
numeric value with scale 0 (zero) that is greater than or equal to V. If this result is not
representable by the declared type of the result, then an exception condition is raised:
data exception— numeric value out of range (22003).

ii) Otherwise, the result is the least whole number that is greater than or equal to V. If this
result is not representableby thedeclared typeof the result, then anexception condition
is raised: data exception— numeric value out of range (22003).

17) If <width bucket function> is specified, then letWBO be the value of <width bucket operand>, let
WBB1 be the value of <width bucket bound 1>, letWBB2 be the value of <width bucket bound 2>,
and letWBC be the value of <width bucket count>.

Case:

a) If at least one ofWBO,WBB1,WBB2, andWBC is the null value, then the result is the null value.

b) IfWBC is less than or equal to 0 (zero), then an exception condition is raised: data exception
— invalid argument for width bucket function (2201G).

c) IfWBB1 equalsWBB2, then an exception condition is raised:data exception— invalid argument
for width bucket function (2201G).

d) IfWBB1 is less thanWBB2, then

Case:

i) IfWBO is less thanWBB1, then the result is 0 (zero).

ii) IfWBO is greater than or equal toWBB2, then the result isWBC+1. If the result is not
representable in the declared type of the result, then an exception condition is raised:
data exception— numeric value out of range (22003).

iii) Otherwise, the result is the greatest exact numeric value with scale 0 (zero) that is less
than or equal to  ((WBC * (WBO - WBB1) / (WBB2 - WBB1)) + 1)

e) IfWBB1 is greater thanWBB2, then

Case:

i) IfWBO is greater thanWBB1, then the result is 0 (zero).

ii) IfWBO is less than or equal toWBB2, then the result isWBC+1. If the result is not rep-
resentable in the declared type of the result, then an exception condition is raised: data
exception— numeric value out of range (22003).

iii) Otherwise, the result is the greatest exact numeric value with scale 0 (zero) that is less
than or equal to  ((WBC * (WBB1 - WBO) / (WBB1 - WBB2)) + 1)
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18) If <regex occurrences function> is specified, then:

a) Let RSS be the <regex subject string>, let STR be the value of RSS, let PAT be the value of the
<XQuery pattern>, let SP be the value of <start position>, let CLU be the <char length units>,
and let FL be the value of <XQuery option flag>.

b) Case:

i) If at least one of STR, PAT, and FL is the null value, then the result of the <regex occur-
rences function> is the null value.

ii) If SP is less than 1 (one), or greater than the value of

CHARACTER_LENGTH ( RSS USING CLU )

then the result of <regex occurrences function> is −1 (negative one).

iii) If CLU is OCTETS and the SP-th octet of STR is not the first octet of a character, then the
result of <regex occurrences function> is implementation-dependent (UV074).

iv) Otherwise, theGeneral Rules of Subclause9.28, “XQuery regular expressionmatching”,
are applied with STR as STRING, PAT as PATTERN, SP as POSITION, CLU as UNITS, and
FL as FLAG; let LOMV be the LIST returned from the application of those General Rules.
The result of <regex occurrences function> is the number of match vectors in LOMV.

19) If <regex position expression> is specified, then:

a) Let RSS be the <regex subject string>, let STR be the value of RSS, let PAT be the value of the
<XQuery pattern>, let SP be the value of <start position>, let CLU be the <char length units>,
let OCC be the value of <regex occurrence>, let CAP be the <regex capture group> and let FL
be the value of <XQuery option flag>.

b) Case:

i) If at least one of STR, PAT, OCC, CAP, and FL is the null value, then the result of the
<regex position expression> is the null value.

ii) If OCC is less than 1 (one), then the result of <regex position expression> is 0 (zero).

iii) If CAP is less than 0 (zero), or greater than the number of XQuery regular expression
parenthesized subexpressions of PAT, then the result of <regex position expression>
is 0 (zero).

iv) If SP is less than 1 (one), or greater than the value of

CHARACTER_LENGTH ( RSS USING CLU )

then the result of <regex position expression> is 0 (zero).

v) If CLU is OCTETS and the SP-th octet of STR is not the first octet of a character, then the
result of <regex position expression> is implementation-dependent (UV074).

vi) Otherwise, theGeneral Rules of Subclause9.28, “XQuery regular expressionmatching”,
are applied with STR as STRING, PAT as PATTERN, SP as POSITION, CLU as UNITS, and
FL as FLAG; let LOMV be the LIST returned from the application of those General Rules.

Case:

1) If there are at least OCCmatch vectors in LOMV, then letMV be the OCC-th match
vector in LOMV. Let PL beMV[CAP], whereMV[0] is the first position/length in
MV. Let P be the position of PL, and let L be the length of PL. The result of the
<regex position expression> is
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Case:

A) If P is 0 (zero), then 0 (zero).

B) If <regex position start or after> is START, then P.

C) Otherwise, P + L.

2) Otherwise, the result of the <regex position expression> is 0 (zero).

20) 15 If <matchnumber function>MNF is specified, then the result is 1 (one) plus thenumber of retained
row pattern matches whose starting row is prior to the current row in the ordering of the row
pattern partition containing the current row.

NOTE 186—When <match number function> is used in a <row pattern definition search condition>, it is not yet
knownwhether the current potential row patternmatchwill be accepted as a retained row patternmatch; however,
it is known howmany row pattern matches have already been retained earlier in the row pattern partition. Adding
one to the latter number yields the sequential number of the row pattern match, if it is ultimately retained.

Conformance Rules

1) Without Feature R010, “Row pattern recognition: FROM clause”, conforming SQL language shall
not contain <match number function>.

2) Without at least one of Feature S090, “Minimal array support”, or Feature S271, “Basic multiset
support”, conforming SQL language shall not contain a <cardinality expression>.

3) Without Feature F052, “Intervals and datetime arithmetic”, conforming SQL language shall not
contain an <extract expression>.

4) Feature F411, “Time zone specification”, conforming SQL language shall not contain an <extract
expression> that specifies a <time zone field>.

5) Without Feature F421, “National character”, conforming SQL language shall not contain a <length
expression> that simply contains a <string value expression> that has a declared type of NATIONAL
CHARACTER, NATIONAL CHARACTER VARYING, or NATIONAL CHARACTER LARGE OBJECT.

6) Without at least one of Feature T047, “POSITION, OCTET_LENGTH, TRIM, and SUBSTRING for
BLOBs” or Feature T021, “BINARY and VARBINARY data types”, conforming SQL language shall not
contain a <binary position expression>.

7) Without Feature T050, “POSITION, CHAR_LENGTH, OCTET_LENGTH, LOWER, TRIM, UPPER, and
SUBSTRING forCLOBs”, conformingSQL language shall not containa<characterpositionexpression>,
a <char length expression>, or an <octet length expression> that contains a <character value
expression> whose declared type is character large object type.

8) Without FeatureT047, “POSITION,OCTET_LENGTH, TRIM, and SUBSTRING forBLOBs”, conforming
SQL language shall not contain an<octet length expression> that contains a<stringvalue expression>
whose declared type is a character large object type or a binary large object type.

9) Without Feature T441, “ABS and MOD functions”, conforming SQL language shall not contain an
<absolute value expression>.

10) Without Feature T441, “ABS and MOD functions”, conforming SQL language shall not contain a
<modulus expression>.

11) Without Feature T622, “Trigonometric functions”, conforming SQL language shall not contain a
<trigonometric function>.

12) Without Feature T623, “General logarithm functions”, conforming SQL language shall not contain
a <general logarithm function>.
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13) Without Feature T624, “Common logarithm functions”, conforming SQL language shall not contain
a <common logarithm>.

14) Without Feature T621, “Enhanced numeric functions”, conforming SQL language shall not contain
a <natural logarithm>.

15) Without Feature T621, “Enhanced numeric functions”, conforming SQL language shall not contain
an <exponential function>.

16) Without Feature T621, “Enhanced numeric functions”, conforming SQL language shall not contain
a <power function>.

17) Without Feature T621, “Enhanced numeric functions”, conforming SQL language shall not contain
a <square root>.

18) Without Feature T621, “Enhanced numeric functions”, conforming SQL language shall not contain
a <floor function>.

19) Without Feature T621, “Enhanced numeric functions”, conforming SQL language shall not contain
a <ceiling function>.

20) Without Feature T612, “Advanced OLAP operations”, conforming SQL language shall not contain a
<width bucket function>.

21) WithoutFeatureF842, “OCCURRENCES_REGEX function”, conformingSQL language shall not contain
<regex occurrences function>.

22) Without Feature F846, “Octet support in regular expressionoperators”, in conforming SQL language,
<regex occurrences function> shall not contain <char length units>.

23) Without Feature F843, “POSITION_REGEX function”, conforming SQL language shall not contain
<regex position expression>.

24) Without Feature F846, “Octet support in regular expressionoperators”, in conforming SQL language,
<regex position expression> shall not contain <char length units>.

25) Without Feature F847, “Non-constant regular expression”, in conforming SQL language, <XQuery
pattern> and <XQuery option flag> shall be <value specification>s.

26) 15Without Feature S403, “ARRAY_MAX_CARDINALITY”, conforming SQL language shall not contain
<max cardinality expression>.
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6.32 <string value expression>

Function

Specify a character string value or a binary string value.

Format
<string value expression> ::=

<character value expression>
| <binary value expression>

<character value expression> ::=
<concatenation>

| <character factor>

<concatenation> ::=
<character value expression> <concatenation operator> <character factor>

<character factor> ::=
<character primary> [ <collate clause> ]

<character primary> ::=
<value expression primary>

| <string value function>

<binary value expression> ::=
<binary concatenation>

| <binary factor>

<binary factor> ::=
<binary primary>

<binary primary> ::=
<value expression primary>

| <string value function>

<binary concatenation> ::=
<binary value expression> <concatenation operator> <binary factor>

Syntax Rules

1) The declared type of a <character primary> shall be character string.

2) The declared type of a <character value expression> is the declared type of the simply contained
<concatenation> or <character factor>.

3) If <concatenation> is specified, then:

a) Let D1 be the declared type of the <character value expression> and let D2 be the declared
type of the <character factor> simply contained in the <concatenation>. The Syntax Rules of
Subclause 9.5, “Result of data type combinations”, are applied with D1 and D2 as DTSET; let
D be theRESTYPE returned from the application of those Syntax Rules. Let CS be the character
set of D, let CO be the collation of D, and let CD be the collation derivation of D.

b) LetM be the length in characters of D1 plus the length in characters of D2. Let VL be the
implementation-defined (IL006) maximum length of variable-length character strings, let
LOLbe the implementation-defined (IL002)maximum length of large object character strings,
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and let FL be the implementation-defined (IL001) maximum length of fixed-length character
strings.

Case:

i) If the declared type of the <character value expression> or <character factor> is a
character large object type, then the declared type of the <concatenation> is a character
large object type with character set CS, collation CO, collation derivation CD and max-
imum length equal to the lesser ofM and LOL.

ii) If thedeclared typeof the<character value expression>or<character factor> is variable-
length character string, then thedeclared type of the <concatenation> is variable-length
character stringwith character setCS, collationCO, collationderivationCDandmaximum
length equal to the lesser ofM and VL.

iii) If the declared typeof the<character value expression>and<character factor> is fixed-
length character string, thenM shall not be greater than FL and the declared type of
the <concatenation> is fixed-length character string with character set CS, collation
CO, collation derivation CD and lengthM.

4) If <character factor> is specified, then

Case:

a) If <collate clause> is specified, then the declared type of the <character factor> is the declared
type of the <character primary>, except that the declared type collation is the collation iden-
tified by <collate clause>, and its collation derivation is explicit.

b) Otherwise, the declared type of the <character factor> is the declared type of the <character
primary>.

5) The declared type of <binary primary> shall be binary string.

6) Case:

a) If <binary concatenation> is specified, then let B1 be the declared type of the <binary value
expression> and let B2 be the declared type of the <binary factor>. LetM be the length in
octets of B1 plus the length in octets of B2. Let FL be the implementation-defined (IL003)
maximum length of fixed-length binary strings, let VL be the implementation-defined (IL007)
maximum length of variable-length binary strings, let LOL be the implementation-defined
(IL004) maximum length of binary large object strings.

The declared type of <binary concatenation> is

Case:

i) If the declared type of the <binary value expression> or <binary factor> is a binary
large object type, then binary large object string with maximum length equal to the
lesser ofM and LOL.

ii) If the declared type of the <binary value expression> or <binary factor> is variable-
length binary string, then variable-length binary string withmaximum length equal to
the lesser ofM and VL.

iii) If the declared type of the <binary value expression> and<binary factor> is fixed-length
binary string, then fixed-length binary string with lengthM, andM shall not be greater
than FL.

b) Otherwise, the declared type of the <binary value expression> is the declared type of the
<binary factor>.
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Access Rules

None.

General Rules

1) If the value of any <character primary> or <binary primary> simply contained in a <string value
expression> is the null value, then the result of the <string value expression> is the null value.

2) If <concatenation> is specified, then:

a) If the character repertoire of <character factor> is UCS, then, in the remainder of this General
Rule, the term “length” shall be taken to mean “length in characters”.

b) Let S1 and S2 be the result of the <character value expression> and <character factor>,
respectively.

Case:

i) If at least one of S1 and S2 is the null value, then the result of the <concatenation> is
the null value.

ii) Otherwise:

1) Let S be the string consisting of S1 followed by S2 and letM be the length of S.

2) If the character repertoire of <character factor> is UCS, then S is replaced by

Case:

A) If the <search condition> S1 IS NORMALIZED AND S2 IS NORMALIZED
evaluates to True, then

NORMALIZE (S)

B) Otherwise, an implementation-defined (IV087) string.

3) Case:

A) If themost specific type of at least one of S1 and S2 is a character large object
type, then let LOL be the implementation-defined (IL002)maximum length
of large object character strings.

Case:

I) IfM is less thanor equal toLOL, then the result of the<concatenation>
is Swith lengthM.

II) IfM is greater than LOL and the right-mostM−LOL characters of S
are all <truncating whitespace> characters, then the result of the
<concatenation> is the first LOL characters of Swith length LOL.

III) Otherwise, an exception condition is raised: data exception— string
data, right truncation (22001).

B) If the most specific type of at least one of S1 and S2 is variable-length char-
acter string, then let VL be the implementation-defined (IL006) maximum
length of variable-length character strings.

Case:
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I) IfM is less than or equal toVL, then the result of the <concatenation>
is Swith lengthM.

II) IfM is greater than VL and the right-mostM−VL characters of S are
all <truncating whitespace> characters, then the result of the <con-
catenation> is the first VL characters of Swith length VL.

III) Otherwise, an exception condition is raised: data exception— string
data, right truncation (22001).

C) If themost specific types of both S1 and S2 are fixed-length character string,
then the result of the <concatenation> is S.

3) If <binary concatenation> is specified, then let S1 and S2 be the result of the <binary value expres-
sion> and <binary factor>, respectively.

Case:

a) If at least one of S1 and S2 is the null value, then the result of the <binary concatenation> is
the null value.

b) Otherwise, let S be the string consisting of S1 followed by S2 and letM be the length in octets
of S.

Case:

i) If the most specific type of at least one of S1 and S2 is a binary large object type, then
let LOL be the implementation-defined (IL004)maximum length of binary large object
strings.

Case:

1) IfM is less or equal to LOL, then the result of the <binary concatenation> is Swith
lengthM.

2) IfM is greater than LOL and the right-mostM−LOL octets of S are all X'00', then
the result of the <binary concatenation> is the first LOL octets of Swith length
LOL.

3) Otherwise, an exception condition is raised: data exception— string data, right
truncation (22001).

ii) If the most specific type of at least one of S1 and S2 is variable-length binary string,
then letVL be the implementation-defined (IL004)maximum length of variable-length
binary strings.

Case:

1) IfM is less than or equal to VL, then the result of the <binary concatenation> is S
with lengthM.

2) IfM is greater than VL and the right-mostM−VL octets of S are all X'00', then the
result of the <binary concatenation> is the first VL characters of Swith length VL.

3) Otherwise, an exception condition is raised: data exception— string data, right
truncation (22001).

iii) If the most specific types of both S1 and S2 are fixed-length binary string, then the
result of the <binary concatenation> is S.

4) If the result of <string value expression> is the zero-length character string or the zero-length binary
string, then it is implementation-defined (IA214) whether an exception condition is raised: data
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exception— zero-length character string (2200F) or data exception— zero-length binary string
(2201Y), respectively.

Conformance Rules

1) Without Feature F421, “National character”, conforming SQL language shall not contain a <character
value expression> that has a declared type of NATIONAL CHARACTER, NATIONAL CHARACTER
VARYING, or NATIONAL CHARACTER LARGE OBJECT.

2) Without at least one of Feature T045, “BLOB data type” or Feature T021, “BINARY and VARBINARY
data types”, conforming SQL language shall not contain a <binary value expression>.

3) Without at least one of Feature T048, “Concatenation of BLOBs”, or Feature T021, “BINARY and
VARBINARY data types”, conforming SQL language shall not contain a <binary concatenation>.

4) Without Feature T040, “Concatenation of CLOBs”, conforming SQL language shall not contain a
<concatenation> whose declared type is a character large object type.
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6.33 <string value function>
This Subclause is modified by Subclause 6.4, “<string value function>”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 6.9, “<string value function>”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 6.10, “<string value function>”, in ISO/IEC 9075-15.

Function

Specify a function yielding a value of type character string or binary string.

Format
15 <string value function> ::=

<character value function>
| <binary value function>
| <JSON serialize>

09  14  15 <character value function> ::=
<character substring function>

| <regular expression substring function>
| <regex substring function>
| <fold>
| <transcoding>
| <character transliteration>
| <regex transliteration>
| <pad function>
| <trim function>
| <character overlay function>
| <normalize function>
| <specific type method>
| <classifier function>

<character substring function> ::=
SUBSTRING <left paren> <character value expression> FROM <start position>
    [ FOR <string length> ] [ USING <char length units> ] <right paren>

<regular expression substring function> ::=
SUBSTRING <left paren> <character value expression> SIMILAR <character value expression>

ESCAPE <escape character> <right paren>

<regex substring function> ::=
SUBSTRING_REGEX <left paren>

<XQuery pattern> [ FLAG <XQuery option flag> ]
IN <regex subject string>

    [ FROM <start position> ]
    [ USING <char length units> ]
    [ OCCURRENCE <regex occurrence> ]
    [ GROUP <regex capture group> ]

<right paren>

<fold> ::=
{ UPPER | LOWER } <left paren> <character value expression> <right paren>

<transcoding> ::=
CONVERT <left paren> <character value expression>

USING <transcoding name> <right paren>

<character transliteration> ::=
TRANSLATE <left paren> <character value expression>

USING <transliteration name> <right paren>
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<regex transliteration> ::=
TRANSLATE_REGEX <left paren>

<XQuery pattern> [ FLAG <XQuery option flag> ]
IN <regex subject string>

    [ WITH <XQuery replacement string> ]
    [ FROM <start position> ]
    [ USING <char length units> ]
    [ OCCURRENCE <regex transliteration occurrence> ]

<right paren>

<XQuery replacement string> ::=
<character value expression>

<regex transliteration occurrence> ::=
<regex occurrence>

| ALL

<trim function> ::=
<single-character trim function>

| <multi-character trim function>

<single-character trim function> ::=
TRIM <left paren> <trim operands> <right paren>

<multi-character trim function> ::=
{ BTRIM | LTRIM | RTRIM }

<left paren> <trim source> [ <comma> <trim character> ] <right paren>

<trim operands> ::=
[ [ <trim specification> ] [ <trim character> ] FROM ] <trim source>

<trim source> ::=
<character value expression>

<trim specification> ::=
LEADING

| TRAILING
| BOTH

<trim character> ::=
<character value expression>

<character overlay function> ::=
OVERLAY <left paren> <character value expression> PLACING <character value expression>

FROM <start position> [ FOR <string length> ]
    [ USING <char length units> ] <right paren>

<pad function> ::=
{ LPAD | RPAD } <left paren> <pad operands> <right paren>

<pad operands> ::=
<pad source> <comma> <total pad length>
[ <comma> <padding character value expression> ]

<pad source> ::=
<character value expression>

<total pad length> ::=
<numeric value expression>

<padding character value expression> ::=
<character value expression>

<normalize function> ::=
NORMALIZE <left paren> <character value expression>
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    [ <comma> <normal form> [ <comma> <normalize function result length> ] ] <right paren>

<normal form> ::=
NFC

| NFD
| NFKC
| NFKD

<normalize function result length> ::=
<character length>

| <character large object length>

<specific type method> ::=
<user-defined type value expression> <period> SPECIFICTYPE
    [ <left paren> <right paren> ]

14 <binary value function> ::=
<binary substring function>

| <binary trim function>
| <binary overlay function>

<binary substring function> ::=
SUBSTRING <left paren> <binary value expression> FROM <start position>
    [ FOR <string length> ] <right paren>

<binary trim function> ::=
TRIM <left paren> <binary trim operands> <right paren>

<binary trim operands> ::=
[ [ <trim specification> ] [ <trim octet> ] FROM ] <binary trim source>

<binary trim source> ::=
<binary value expression>

<trim octet> ::=
<binary value expression>

<binary overlay function> ::=
OVERLAY <left paren> <binary value expression> PLACING <binary value expression>

FROM <start position> [ FOR <string length> ] <right paren>

<start position> ::=
<numeric value expression>

<string length> ::=
<numeric value expression>

<classifier function> ::=
CLASSIFIER <left paren> [ <row pattern variable name> ] <right paren>

Syntax Rules

1) 15The declared type of <string value function> is the declared type of the immediately contained
<character value function>, or <binary value function>.

2) 09 14 15The declared type of <character value function> is the declared type of the immediately
contained<character substring function>, <regular expression substring function>, <regex substring
function>, <fold>, <transcoding>, <character transliteration>, <regex transliteration>, <trim func-
tion>, <pad function>, <character overlay function>, <normalize function>, <specific typemethod>,
or <classifier function>.
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3) The declared type of a <start position>, <string length>, <regex occurrence>, or <regex capture
group> shall be exact numeric with scale 0 (zero).

4) If <character substring function> CSF is specified, then let DTCVE be the declared type of the
<character value expression> immediately contained in CSF. The maximum length, character set,
and collation of the declared type DTCSF of CSF are determined as follows:

a) Case:

i) If the declared type of <character value expression> is fixed-length character string or
variable-length character string, then DTCSF is a variable-length character string type
with maximum length equal to the length or maximum length of DTCVE.

ii) Otherwise, theDTCSF is a large object character string typewithmaximum length equal
to the maximum length of DTCVE.

b) The character set and collation of the <character substring function> are those of DTCVE.

5) If the character repertoire of <character value expression> is not UCS, then <char length units>
shall not be specified.

6) If USING <char length units> is not specified, then USING CHARACTERS is implicit.

7) If <regular expression substring function> is specified, then:

a) The declared types of the <escape character> and the <character value expression>s of the
<regular expression substring function> shall be character string with the same character
repertoire.

b) Case:

i) If the declared type of the first <character value expression> is fixed-length character
string or variable-length character string, then the declared type of the <regular
expression substring function> is variable-length character stringwithmaximum length
equal to the length or maximum length of the first <character value expression>.

ii) Otherwise, the declared type of the <regular expression substring function> is a char-
acter large object type with maximum length equal to the maximum length of the first
<character value expression>.

c) The character set and collation of the <regular expression substring function> are those of
the first <character value expression>.

8) If <regex substring function> RSF is specified, then:

a) If <start position> is not specified, then 1 (one) is implicit.

b) Case:

i) If <char length units> is specified, then the character repertoire of the <regex subject
string> shall be UCS.

ii) Otherwise, CHARACTERS is implicit.

c) If <regex occurrence> is not specified, then 1 (one) is implicit.

d) If <regex capture group> is not specified, then 0 (zero) is implicit.

e) If <XQuery option flag> is not specified, then the zero-length character string is implicit.

f) LetRSSbe the<regex subject string> immediately contained inRSF. LetDTCVEbe thedeclared
type of RSS. The declared type DTRSF of RSF is determined as follows:
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i) Case:

1) IfDTCVE is fixed-length character string or variable-length character string, then
DTRSF is variable length character stringwithmaximum length equal to the length
or maximum length of DTCVE.

2) Otherwise, DTRSF is a large object character string type with maximum length
equal to the maximum length of DTCVE.

ii) The character set and collation of DTRSF are those of DTCVE.

9) If <fold> is specified, then the declared type of the result of <fold> is that of the <character value
expression>.

10) If <transcoding> is specified, then:

a) <transcoding> shall be simply contained in a <value expression> that is immediately contained
in a <derived column> that is immediately contained in a <select sublist> or shall immediately
contain either a <simple value specification> that is a <host parameter name> or a <value
specification> that is a <host parameter specification>.

b) A <transcoding name> shall identify a transcoding.

c) Case:

i) If the declared type of <character value expression> is fixed-length character string or
variable-length character string, then the declared type of the result is variable-length
character string with implementation-defined (IL046) maximum length.

ii) Otherwise, the declared type of the result is a character large object type with imple-
mentation-defined (IL046) maximum length.

d) The character set of the result is an implementation-defined (IV155) character set CSwhose
character repertoire is the sameas the character repertoire of the<character value expression>
and whose character encoding form is that determined by the transcoding identified by the
<transcoding name>. The declared type collation of the result is the character set collation of
CS.

11) If <character transliteration> is specified, then:

a) A <transliteration name> shall identify a character transliteration.

b) Case:

i) If the declared type of <character value expression> is fixed-length character string or
variable-length character string, then thedeclared typeof the<character transliteration>
is variable-length character string with implementation-defined (IL046) maximum
length.

ii) Otherwise, the declared type of the <character transliteration> is a character large
object type with implementation-defined (IL046) maximum length.

c) The declared type of the <character transliteration> has the character set CS that is the target
character set of the transliteration. The declared type collation of the result is the character
set collation of CS.

12) If <regex transliteration> RT is specified, then:

a) If <start position> is not specified, then 1 (one) is implicit.

b) Case:
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If <char length units> is specified, then the character repertoire of the <regex subject
string> shall be UCS.

i)

ii) Otherwise, CHARACTERS is implicit.

c) If <regex transliteration occurrence> is not specified, then ALL is implicit.

d) If <XQuery replacement string> is not specified, then the zero-length character string is
implicit.

e) If <XQuery option flag> is not specified, then the zero-length character string is implicit.

f) Let RSS be the <regex subject string> immediately contained in RT. LetDTCVE be the declared
type of RSS. The declared type DTRT of RT is determined as follows:

i) Case:

1) If <XQuery replacement string> is not specified, or is the zero-length character
string, then

Case:

A) IfDTCVE is fixed-length character string or variable-length character string,
then DTRT is variable length character string with maximum length equal
to the length or maximum length of DTCVE.

B) Otherwise,DTRT is a largeobject character string typewithmaximum length
equal to the maximum length of DTCVE.

2) Otherwise,

Case:

A) IfDTCVE is fixed-length character string or variable-length character string,
thenDTRT is variable length character stringwith implementation-defined
(IL047) maximum length.

B) Otherwise,DTRT is a largeobject character string typewith implementation-
defined (IL047) maximum length.

ii) The character set and collation of DTRT are those of DTCVE.

13) The declared type of <trim function> is the declared type of the immediately contained <single-
character trim function> or <multi-character trim function>.

14) If <single-character trim function> is specified, then:

a) Case:

i) If FROM is specified, then:

1) Either <trim specification> or <trim character> or both shall be specified.

2) If <trim specification> is not specified, then BOTH is implicit.

3) If <trim character> is not specified, then <space> is implicit.

ii) Otherwise, let SRC be <trim source>. TRIM ( SRC ) is equivalent to TRIM ( BOTH ' '
FROM SRC ).

b) Case:

i) If the declared type of <character value expression> simply contained in <trim source>
is fixed-length character string or variable-length character string, then the declared
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type of the <single-character trim function> is variable-length character string with
maximum length equal to the length or maximum length of the <trim source>.

ii) Otherwise, the declared type of the <single-character trim function> is a character large
object type with maximum length equal to the maximum length of the <trim source>.

c) If a <trimcharacter> is specified, then<trimcharacter> and<trimsource> shall be comparable.

d) The character set and collation of the <single-character trim function> are those of the <trim
source>.

15) If <multi-character trim function>MTF is specified, then:

a) Case:

i) If the declared type of <character value expression> simply contained in <trim source>
TS is fixed-length character string or variable-length character string, then the declared
typeofMTF is variable-length character stringwithmaximum length equal to the length
or maximum length of TS.

ii) Otherwise, the declared type ofMTF is a character large object type with maximum
length equal to the maximum length of TS.

b) Case:

i) If a <trim character> TC is specified, then:

1) TS and TC shall be comparable.

2) If BTRIM is specified, then:

A) TC shall not generally contain a <routine invocation>whose subject routine
is an SQL-invoked routine that is possibly non-deterministic or that possibly
modifies SQL-data.

B) TC shall not generally contain a<tableprimary> that contains a<data change
delta table>.

C) BTRIM ( TS, TC ) is equivalent to RTRIM ( LTRIM ( TS, TC ), TC )

ii) Otherwise:

1) Let TC be <space>.

2) If BTRIM is specified, then BTRIM ( TS ) is equivalent to
RTRIM ( LTRIM ( TS ) ).

c) The character set and collation ofMTF are those of TS.

16) If <pad function> is specified, then:

a) If <padding character value expression> is not specified, then <space> is implicit.

b) The declared type of <total pad length> shall be an exact numeric type with scale 0 (zero).

c) Case:

i) If the declared type of <character value expression> simply contained in <pad source>
is fixed-length character string or variable-length character string, then the declared
type of the <pad function> is variable-length character string with implementation-
defined (IL046) maximum length LR.
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ii) Otherwise, the declared type of the <pad function> is a character large object typewith
implementation-defined (IL046) maximum length LR.

d) <padding character value expression> and <pad source> shall be comparable.

e) The character set and collation of the <pad function> are those of the <pad source>.

17) If <character overlay function> is specified, then:

a) Let CV be the first <character value expression>, let SP be the <start position>, and let RS be
the second <character value expression>.

b) If <string length> is specified, then let SL be <string length>; otherwise, let SL be
CHAR_LENGTH(RS).

c) The <character overlay function> is equivalent to:

SUBSTRING ( CV FROM 1 FOR SP - 1 )
|| RS
|| SUBSTRING ( CV FROM SP + SL  )

18) If <normalize function> is specified, then:

a) The character set CS of the <character value expression> shall be UTF8, UTF16, or UTF32.
The character set and the collation of the declared type of the <normalize function> are CS
and the collation of the <character value expression>, respectively.

b) Case:

i) If <normal form> is specified, then let NF be <normal form>.

ii) Otherwise, let NF be NFC.

c) Case:

i) If the declared type of <character value expression> is fixed-length character string or
variable-length character string, then:

1) <character large object length> shall not be specified.

2) If <normalize function result length> is specified, then let L be the value of the
<length> contained in <normalize function result length>; otherwise, let L be an
implementation-defined (ID097) value of exact numeric type with scale 0 (zero)
that is less thanor equal to the implementation-defined (IL006)maximum length
of variable-length character strings.

3) The declared type of the <normalize function> is variable-length character string
with maximum length equal to L, measured in the units of the explicit or implicit
<char length units>.

ii) Otherwise:

1) <character length> shall not be specified.

2) If <normalize function result length> is specified, then let L be the value of the
<character large object length> contained in <normalize function result length>;
otherwise, let L be an implementation-defined (ID097) value of exact numeric
type with scale 0 (zero) that is less than or equal to the implementation-defined
(IL006) maximum length of large object character strings.
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3) The declared type of the <normalize function> is character large object typewith
maximum length equal to L, measured in the units of the explicit or implicit <char
length units>.

19) If <specific typemethod> is specified, then thedeclared typeof the<specific typemethod> is variable-
length character string with maximum length implementation-defined (IL046). The character set
of the character string is SQL_IDENTIFIER.

20) 14The declared type of <binary value function> is the declared type of the immediately contained
<binary substring function>, <binary trim function>, or <binary overlay function>.

21) If <binary substring function> BSF is specified, then let DTBVE be the declared type of the <binary
value expression> immediately contained inBSF. The declared typeDTBSF ofBSF and itsmaximum
length are

Case:

a) If DTBVE is fixed-length binary string or variable-length binary string, then variable-length
binary string type with maximum length equal to the length or maximum length of DTBVE.

b) Otherwise, binary large object string typewithmaximum length equal to themaximum length
of DTBVE.

22) If <binary trim function> is specified, then:

a) Case:

i) If FROM is specified, then:

1) Either <trim specification> or <trim octet> or both shall be specified.

2) If <trim specification> is not specified, then BOTH is implicit.

3) If <trim octet> is not specified, then X'00' is implicit.

ii) Otherwise, let SRC be <binary trim source>. TRIM ( SRC ) is equivalent to TRIM (
BOTH X'00' FROM SRC ).

b) Case:

i) If the declared type of <binary value expression> is fixed-length binary string or vari-
able-length binary string, then the declared type of the <binary trim function> is vari-
able-length binary string type with maximum length equal to the length or maximum
length of the <binary trim source>.

ii) Otherwise, the declared type of the <binary trim function> is binary large object string
type with maximum length equal to the maximum length of the <binary trim source>.

23) If <binary overlay function> is specified, then:

a) Let BV be the first <binary value expression>, let SP be the <start position>, and let RS be the
second <binary value expression>.

b) If <string length> is specified, then let SL be <string length>; otherwise, let SL be
OCTET_LENGTH(RS).

c) The <binary overlay function> is equivalent to:

SUBSTRING ( BV FROM 1 FOR SP - 1 )
|| RS
|| SUBSTRING ( BV FROM SP + SL  )

24) 09 14 15 If <classifier function> CF is specified, then:
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CF shall be contained in a <row patternmeasures> or a <row pattern definition search condi-
tion>.

a)

b) The declared type of the result of CF is character stringwith implementation-defined (IL048)
maximum length, character set SQL_IDENTIFIER and collation SQL_IDENTIFIER.

c) If <row pattern variable name> is not specified, then the universal row pattern variable is
implicit.

d) If CF is not simply contained in an aggregated argument of a <set function specification> or
in a <row pattern navigation operation>, then CF is equivalent to

RUNNING LAST (CLASSIFIER (RPV))

where RPV is the explicit or implicit <row pattern variable name>.

Access Rules

1) Case:

a) If <string value function> is contained,without an intervening<SQL routine spec> that specifies
SQL SECURITY INVOKER, in an <SQL schema statement>, then the applicable privileges of the
<authorization identifier> that owns the containing schema shall include USAGE for every
transliteration identified by a <transliteration name> contained in the <string value expres-
sion>.

b) Otherwise, the current privileges shall include USAGE for every transliteration identified by
a <transliteration name> contained in the <string value expression>.

General Rules

1) 15The result of <string value function> is the result of the immediately contained <character value
function> or <binary value function>.

2) 09 14 15The result of <character value function> is the result of the immediately contained <character
substring function>, <regular expression substring function>, <regex substring function>, <fold>,
<transcoding>, <character transliteration>, <regex transliteration>, <trim function>, <pad function>,
<character overlay function>, <normalize function>, <specific typemethod>, or <classifier function>.

3) If <character substring function> is specified, then:

a) If the character encoding form of <character value expression> is UTF8, UTF16, or UTF32,
then, in the remainder of this General Rule, the term “character” shall be taken to mean “unit
specified by <char length units>”.

b) Let C be the value of the <character value expression>, let LC be the length in characters of C,
and let S be the value of the <start position>.

c) If <string length> is specified, then let L be the value of <string length> and let E be S+L. Oth-
erwise, let E be the larger of LC + 1 and S.

d) If at least one ofC, S, and L is the null value, then the result of the <character substring function>
is the null value and no further General Rules of this Subclause are applied.

e) If E is less than S, then an exception condition is raised: data exception— substring error
(22011).

f) Case:
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i) If S is greater than LC or if E is less than 1 (one), then the result of the <character sub-
string function> is the zero-length character string.

ii) Otherwise:

1) Let S1 be the larger of S and 1 (one). Let E1 be the smaller of E and LC+1. Let L1
be E1−S1.

2) The result of the <character substring function> is a character string containing
the L1 characters of C starting at character number S1 in the same order that the
characters appear in C.

4) If <regex substring function> is specified, then:

a) Let RSS be the <regex subject string>, let STR be the value of RSS, let PAT be the value of the
<XQuery pattern>, let SP be the value of <start position>, let CLU be the <char length units>,
let OCC be the value of <regex occurrence>, let CAP be the <regex capture group>, and let FL
be the value of <XQuery option flag>.

b) Case:

i) If at least one of STR, PAT, OCC, CAP, and FL is the null value, then the result of the
<regex substring function> is the null value.

ii) IfOCC is less than1 (one), then the result of <regex substring function> is thenull value.

iii) If CAP is less than 0 (zero), or greater than the number of XQuery regular expression
parenthesized subexpressions of PAT, then the result of <regex substring function> is
the null value.

iv) If SP is less than 1 (one) or greater than the value of

CHARACTER_LENGTH ( RSS USING CLU )

then the result of <regex substring function> is the null value.

v) If CLU is OCTETS and the SP-th octet of STR is not the first octet of a character, then the
result of <regex substring function> is implementation-dependent (UV074).

vi) Otherwise, theGeneral Rules of Subclause9.28, “XQuery regular expressionmatching”,
are applied with STR as STRING, PAT as PATTERN, SP as POSITION, CLU as UNITS, and
FL as FLAG; let LOMV be the LIST returned from the application of those General Rules.

Case:

1) If there are at least OCCmatch vectors in LOMV, then letMV be the OCC-thmatch
vector in LOMV. Let PL beMV[CAP], whereMV[0] is the first position/length in
MV. Let P be the position of PL and let L be the length of PL. The result of the
<regex substring function> is

Case:

A) If P is 0 (zero), then the null value.

B) Otherwise, the substring of STRwhose position is P and whose length is L.

2) Otherwise, the result of the <regex substring function> is the null value.

5) If <normalize function> is specified, then:

a) Let S be the value of <character value expression>.

b) If S is the null value, then the result of the <normalize function> is the null value.
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c) Let NR be S in the normalized form specified by NF in accordance with ISO/IEC 10646:2020.

d) Case:

i) If the length in characters of NR is less than or equal to L, then the result of the <nor-
malize function> is NR.

ii) Otherwise, an exception condition is raised: data exception— string data, right trunca-
tion (22001).

6) If <regular expression substring function> is specified, then:

a) Let C be the result of the first <character value expression>, let R be the result of the second
<character value expression>, and let E be the result of the <escape character>.

Case:

i) If at least one of C, R, and E is the null value, then the result of the <regular expression
substring function> is the null value.

ii) If the length in characters of E is not equal to 1 (one), then an exception condition is
raised: data exception— invalid escape character (22019).

iii) IfR does not contain exactly two occurrences of the two-character sequence consisting
of E, each immediately followed by <double quote>, then an exception condition is
raised: data exception— invalid use of escape character (2200C).

iv) Otherwise, let R1, R2, and R3 be the substrings of R, such that

'R' = 'R1' || 'E' || '"' || 'R2' || 'E' || '"' || 'R3'

is True.

Case:

1) If any one of R1, R2, or R3 is not the zero-length character string and does not
have the format of a <regular expression>, then an exception condition is raised:
data exception— invalid regular expression (2201B).

2) If the predicate

'C' SIMILAR TO 'R1' || 'R2' || 'R3' ESCAPE 'E'

is not True, then the result of the <regular expression substring function> is the
null value.

3) Otherwise, the result Sof the<regular expression substring function> is computed
as follows:

A) Let S1 be the shortest initial substring of C such that there is a substring
S23 of C such that the value of the following <search condition> is True:

'C' = 'S1' || 'S23' AND
'S1' SIMILAR TO 'R1' ESCAPE 'E' AND
'S23' SIMILAR TO '(R2R3)' ESCAPE 'E'

B) Let S3 be the shortest final substring of S23 such that there is a substring
S2 of S23 such that the value of the following <search condition> is True:

'S23' = 'S2' || 'S3' AND
'S2' SIMILAR TO 'R2' ESCAPE 'E' AND
'S3' SIMILAR TO 'R3' ESCAPE 'E'
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C) The result of the <regular expression substring function> is S2.

7) If <fold> is specified, then:

a) Let S be the value of the <character value expression>.

b) If S is the null value, then the result of the <fold> is the null value.

c) Let FRML be the length or maximum length in characters of the declared type of <fold>.

d) Case:

i) If UPPER is specified, then let FR be a copy of S in which every lower-case character
that has a corresponding upper-case character or characters in the character set of S
and every title case character that has a corresponding upper-case character or char-
acters in the character set of S is replaced by that upper-case character or characters.

ii) If LOWER is specified, then let FR be a copy of S in which every upper-case character
that has a corresponding lower-case character or characters in the character set of S
and every title case character that has a corresponding lower-case character or charac-
ters in the character set of S is replaced by that lower-case character or characters.

e) If the character set of <character factor> is UTF8, UTF16, or UTF32, then FR is replaced by

Case:

i) If the <search condition> S IS NORMALIZED evaluated to True, then

NORMALIZE (FR)

ii) Otherwise, FR.

f) Let FRL be the length in characters of FR.

g) Case:

i) If FRL is less than or equal to FRML, then the result of the <fold> is FR. If the declared
type of FR is fixed-length character string, then the result is padded on the right with
(FRML − FRL) <space>s.

ii) If FRL is greater than FRML, then the result of the <fold> is the first FRML characters
of FRwith length FRML. If any of the right-most (FRL − FRML) characters of FR are not
<truncating whitespace> characters, then a completion condition is raised:warning
— string data, right truncation (01004).

8) If a <character transliteration> is specified, then

Case:

a) If the value of <character value expression> is the null value, then the result of the <character
transliteration> is the null value.

b) If <transliteration name> identifies a transliteration descriptor whose indication of how the
transliteration is performed specifies an SQL-invoked routine TR, then the result of the
<character transliteration> is the result of the invocation of TRwith a single SQL argument
that is the <character value expression> contained in the <character transliteration>.

c) Otherwise, the value of the <character transliteration> is the value returned by the transliter-
ation identifiedby the<existing transliterationname>specified in the transliterationdescriptor
of the transliteration identified by <transliteration name>.

9) If <regex transliteration> is specified, then:
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Let RSS be the <regex subject string>, let STR be the value of RSS, let PAT be the value of the
<XQuery pattern>, let SP be the value of <start position>, let CLU be the <char length units>,

a)

letREPbe the value of <XQuery replacement string>, and letFLbe the value of <XQuery option
flag>.

b) Case:

i) If at least one of STR, PAT, REP, and FL is the null value, then the result of the <regex
transliteration> is the null value.

ii) If SP is less than 1 (one) or greater than the value of

CHARACTER_LENGTH ( RSS USING CLU )

then the result of <regex transliteration> is the null value.

iii) If CLU is OCTETS and the SP-th octet of STR is not the first octet of a character, then the
result of <regex transliteration> is implementation-dependent (UV074).

iv) Otherwise:

1) The General Rules of Subclause 9.28, “XQuery regular expression matching”, are
appliedwith STR as STRING, PAT as PATTERN, SP as POSITION, CLU asUNITS, and
FL as FLAG; let LOMV be the LIST returned from the application of those General
Rules.

2) Let RTO be the <regex transliteration occurrence>.

Case:

A) If RTO is <regex occurrence>, then let OCC be the value of RTO.

Case:

I) If OCC is the null value, then the result of the <regex transliteration>
is the null value.

II) IfOCC is less than1 (one) or greater than thenumberofmatchvectors
in LOMV, then the result of the <regex transliteration> is STR.

III) Otherwise, letMV be the OCC-th match vector in LOMV. The General
Rules of Subclause 9.29, “XQuery regular expression replacement”,
are applied withMV asMATCH, STR as STRING, PAT as PATTERN,
REP as REPLACEMENT, and FL as FLAG; let the result of the <regex
transliteration> be the RESULT returned from the application of
those General Rules.

B) Otherwise, <regex transliteration occurrence> is ALL. Let N be the number
of match vectors in LOMV. Let SN be STR.

I) For all i between N and 1(one) in descending order, letMVi be the
i-th match vector in LOMV. The General Rules of Subclause 9.29,
“XQuery regular expression replacement”, are applied withMVi as
MATCH, Si as STRING, PAT as PATTERN, REP as REPLACEMENT, and
FL as FLAG; let Si−1 be the RESULT returned from the application of
those General Rules.

NOTE 187—The replacements are applied from the end of STRmoving to the
front to avoid altering the positions of matches within the string. When a
replacement is performed, there are no unprocessed replacements later in the
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string, and consequently the positions of other matches are not disturbed if a
substring is replaced by a string of a different length.

II) The result of <regex transliteration> is S0.

10) If a <transcoding> is specified, then

Case:

a) If the value of <character value expression> is the null value, then the result of the
<transcoding> is the null value.

b) Otherwise, the value of the <transcoding> is the value of the <character value expression>
after the application of the transcoding specified by <transcoding name>.

11) The result of <trim function> is the result of the immediately contained <single-character trim
function> or <multi-character trim function>.

12) If <single-character trim function> is specified, then:

a) Let S be the value of the <trim source>.

b) Let SC be the value of <trim character>.

c) If at least one of S and SC is the null value, then the result of the <single-character trim function>
is the null value and no further General Rules of this Subclause are applied.

d) If the length in characters of SC is not 1 (one), then an exception condition is raised: data
exception— trim error (22027).

e) Case:

i) If BOTH is specified or if no <trim specification> is specified, then the result of the
<single-character trim function> is the value of Swith every leading and trailing char-
acter equal to SC removed.

ii) If TRAILING is specified, then the result of the <single-character trim function> is the
value of Swith every trailing character equal to SC removed.

iii) If LEADING is specified, then the result of the <single-character trim function> is the
value of Swith every leading character equal to SC removed.

13) If <multi-character trim function>MTF is specified, then:

a) Let S be the value of TS.

b) Let SC be the value of TC.

c) If at least one of S and SC is the null value, then the result ofMTF is the null value andno further
General Rules of this Subclause are applied.

d) If S is the zero-length character string or SC is the zero-length character string, then the result
ofMTF is S and no further General Rules of this Subclause are applied.

e) Case:

i) If RTRIM is specified:

1) Let P be the length in characters of S.

2) Let C be the P-th character of S.

3) While C is contained in SC, do:
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Let P be P − 1 (one).A)

B) Let C be the P-th character of S.

4) Let LP be the <exact numeric literal> that has the value P.

5) The result ofMTF is SUBSTRING ( TS FROM 1 FOR LP )

ii) If LTRIM is specified:

1) Let P be 1 (one).

2) Let C be the P-th character of S.

3) While C is contained in SC, do:

A) Let P be P + 1 (one).

B) Let C be the P-th character of S.

4) Let LP be the <exact numeric literal> that has the value P.

5) The result ofMTF is SUBSTRING ( TS FROM LP )

14) If <pad function> is specified, then:

a) Let PS be the value of <pad source>. If PS is the null value, then the result of <pad function>
is the null value and no further General Rules of this Subclause are applied.

b) Let TPL be the value of <total pad length>. If TPL is the null value, then the result of <pad
function> is the null value and no further General Rules of this Subclause are applied.

c) If TPL is less than 1 (one), then the result of <pad function> is the zero-length character string
and no further General Rules of this Subclause are applied.

d) Let PV be the value of <padding character value expression>. If PV is the null value, then the
result of <pad function> is the null value and no further General Rules of this Subclause are
applied.

e) Let LPS be the length of PS.

f) Let LPV be the maximum of 1 (one) and the length of PV.

g) LetMRL be the minimum of TPL and LR.

h) LetMPL beMRL − LPS.

i) IfMPL is 0 (zero), then the result of the <pad function> is PS and no further General Rules of
this Subclause are applied.

j) IfMPL is negative, then the result of the <pad function> is the firstMRL characters of PS and
no further General Rules of this Subclause are applied.

k) Let PI be the greatest integer less than or equal to .

l) Let PR be the value of MOD(MPL, LPV).

m) Let D0 be the zero-length character string. For i, 1 (one) ≤ i ≤ PI, let Di be Di−1 || PV.

n) If PR is greater than 0 (zero), then let PVR be the first PR characters of PV; otherwise, let PVR
be the zero-length character string.

o) The result of the <pad function> is
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Case:

i) If RPAD is specified, then PS || DPI || PVR.

ii) Otherwise (LPAD is specified), DPI || PVR || PS.

15) If <specific type method> is specified, then:

a) Let V be the value of the <user-defined type value expression>.

b) Case:

i) If V is the null value, then let RV be the null value.

ii) Otherwise:

1) Let UDT be the most specific type of V.

2) Let UDTN be the <user-defined type name> of UDT.

3) Let CN be the <catalog name> contained in UDTN, let SN be the <unqualified
schema name> contained in UDTN, and let UN be the <qualified identifier> con-
tained in UDTN. Let CND, SND, and UND be CN, SN, and UN, respectively, with
every occurrence of <double quote> replaced by <double quote symbol>. Let RV
be:

"CND"."SND"."UND"

c) The result of <specific type method> is RV.

16) 14The result of <binary value function> is the result of the simply contained <binary substring
function>, <binary trim function>, or <binary overlay function>.

17) If <binary substring function> is specified, then:

a) Let B be the value of the <binary value expression>, let LB be the length in octets of B, and let
S be the value of the <start position>.

b) If <string length> is specified, then let L be the value of <string length> and let E be S+L. Oth-
erwise, let E be the larger of LB+1 and S.

c) If at least one of B, S, and L is the null value, then the result of the <binary substring function>
is the null value.

d) If E is less than S, then an exception condition is raised: data exception— substring error
(22011).

e) Case:

i) If S is greater than LB or ifE is less than 1 (one), then the result of the <binary substring
function> is the zero-length binary string.

ii) Otherwise:

1) Let S1 be the larger of S and 1 (one). Let E1 be the smaller of E and LB+1. Let L1
be E1−S1.

2) The result of the <binary substring function> is a binary string containing L1
octets of B starting at octet number S1 in the same order that the octets appear
in B.

18) If <binary trim function> is specified, then
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Let S be the value of the <binary trim source>.a)

b) Let SO be the value of <trim octet>.

c) If at least one of S and SO is the null value, then the result of the <binary trim function> is the
null value.

d) If the length in octets of SO is not 1 (one), then an exception condition is raised: data exception
— trim error (22027).

e) Case:

i) If BOTH is specified or if no <trim specification> is specified, then the result of the
<binary trim function> is the value of Swith any leading or trailing octets equal to SO
removed.

ii) If TRAILING is specified, then the result of the <binary trim function> is the value of S
with any trailing octets equal to SO removed.

iii) If LEADING is specified, then the result of the <binary trim function> is the value of S
with any leading octets equal to SO removed.

19) If the result of <string value function> is the zero-length character string or the zero-length binary
string, then it is implementation-defined (IA215) whether an exception condition is raised: data
exception— zero-length character string (2200F) or data exception— zero-length binary string
(2201Y), respectively.

20) 09 14 15 If <classifier function> CF is specified, then:

a) Case:

i) If CF is contained in a <row pattern definition search condition>, then let (STR, RS, k)
be the current potential row pattern match.

ii) If CF is contained in a <row pattern recognition clause>, then let (STR, RS, k) be the
current retained row pattern match.

iii) Otherwise, let (STR, RS, k) be the current designated row pattern match.
NOTE 188— The definitions of potential, retained, and designated row pattern matches are expressed as
“(STR, RS, k)”, as specified in Subclause 9.41, “Row pattern recognition in a sequence of rows”.

b) Let NP be the number of rows in RS. Let the rows of RS form the sequence R1, R2, ..., RNP.

c) Case:

i) If CF is contained in <row pattern definition search condition>, then let CR = Rc be the
row in which the <row pattern definition search condition> is being evaluated.

ii) If Vcount(STR) = 0 (zero), then let c = 0 (zero).
NOTE 189— That is, in the case of an empty match, let c point at a non-existent row before the
beginning of the row pattern partition. This will ultimately force the result of <classifier function>
to be null.

iii) If CF is contained in a <row pattern rows per match> that specifies ALL ROWS PER
MATCH, then let CR = Rc be the current row.

iv) Otherwise, let CR = Rc be the last row that is mapped by (STR, RS, k).

d) Case:
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If CF is contained in a <row pattern navigation operation>, then let ER = Re be the row
in which CF is being evaluated.

NOTE 190— Consult the General Rules of Subclause 4.23.3, “Row pattern navigation operations”, to
determine this row. In some scenarios, <row pattern navigation operation> evaluates to the null

i)

value without determining a row to evaluate. In such cases, the General Rules of this Subclause are
not applied, since the <value expression> of the <row pattern navigation operation> is not evaluated.

ii) If CF is contained in an aggregated argument of a <set function specification> SFS, then
let ER = Re be the row of the argument source of SFS in which CF is being evaluated.

NOTE 191— Because of a syntactic transformation in the Syntax Rules, every <classifier function>
is either contained in an aggregated argument of a <set function specification>or contained in a <row
pattern navigation operation>.

e) The result of <classifier function> is

Case:

i) If c = 0 (zero), then the null value.

ii) If CF is contained in a <row pattern definition search condition>, and e > c, then the
null value.

NOTE 192— During evaluation of a <row pattern definition search condition>, the classifier of a
future row is treated as null.

iii) If Re is not a row that is mapped to a row pattern variable by (STR, RS, k), then the null
value.

iv) Otherwise, a character string whose value is equivalent to the name of the primary
row pattern variable to which Re is mapped.

Conformance Rules

1) Without at least one of Feature R010, “Row pattern recognition: FROM clause”, or Feature R020,
“Row pattern recognition:WINDOWclause”, conforming SQL language shall not contain <classifier
function>.

2) Without Feature T581, “Regular expression substring function”, conforming SQL language shall not
contain a <regular expression substring function>.

3) Without FeatureT312, “OVERLAY function”, conforming SQL language shall not contain a <character
overlay function>.

4) Without Feature T312, “OVERLAY function”, conforming SQL language shall not contain a <binary
overlay function>.

5) Without at least one of FeatureT042, “ExtendedLOBdata type support”, or FeatureT022, “Advanced
support for BINARY and VARBINARY data types”, conforming SQL language shall not contain a
<binary value function>.

6) Without Feature F695, “Translation support”, conforming SQL language shall not contain a <char-
acter transliteration>.

7) Without Feature F695, “Translation support”, conforming SQL language shall not contain a
<transcoding>.

8) Without Feature T061, “UCS support”, conforming SQL language shall not contain a <normalize
function>.
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9) Without Feature S261, “Specific typemethod”, conforming SQL language shall not contain a <specific
type method>.

10) Without Feature F394, “Optional normal form specification”, conforming SQL language shall not
contain <normal form>.

11) Without Feature F421, “National character”, conforming SQL language shall not contain a <character
value function> that has a declared type of NATIONAL CHARACTER, NATIONAL CHARACTER
VARYING, or NATIONAL CHARACTER LARGE OBJECT.

12) Without Feature F844, “SUBSTRING_REGEX”, conforming SQL language shall not contain <regex
substring function>.

13) Without Feature F846, “Octet support in regular expressionoperators”, in conforming SQL language,
<regex substring function> shall not contain <char length units>.

14) Without Feature F845, “TRANSLATE_REGEX”, conforming SQL language shall not contain <regex
transliteration>.

15) Without Feature F846, “Octet support in regular expressionoperators”, in conforming SQL language,
<regex transliteration> shall not contain <char length units>.

16) Without Feature F847, “Non-constant regular expression”, in conforming SQL language, <XQuery
pattern>, <XQuery option flag>, and <XQuery replacement string> shall be <value specification>s.

17) Without Feature T050, “POSITION, CHAR_LENGTH, OCTET_LENGTH, LOWER, TRIM, UPPER, and
SUBSTRING for CLOBs”, conforming SQL language shall not contain a <fold>, a <trim source>, or a
<character substring function> that contains a <character value expression> whose declared type
is character large object type.

18) Without FeatureT047, “POSITION,OCTET_LENGTH, TRIM, and SUBSTRING forBLOBs”, conforming
SQL language shall not contain a <binary trim source>or a <binary substring function> that contains
a <binary value expression> whose declared type is binary large object type.

19) Without Feature T055, “String padding functions”, conforming SQL language shall not contain a
<pad function>.

20) 14 15Without Feature T056, “Multi-character TRIM function”, conforming SQL language shall not
contain a <multi-character trim function>.
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6.34 <JSON value constructor>

Function

Specify construction of a JSON text fragment.

Format
<JSON value constructor> ::=

<JSON object constructor>
| <JSON array constructor>

<JSON object constructor> ::=
JSON_OBJECT <left paren>
    [ <JSON name and value> [ { <comma> <JSON name and value> }... ]
    [ <JSON constructor null clause> ]
    [ <JSON key uniqueness constraint> ] ]
    [ <JSON output clause> ]

<right paren>

<JSON name and value> ::=
<JSON name and value 1>

| <JSON name and value 2>

<JSON name and value 1> ::=
[ KEY ] <JSON name> VALUE <JSON input expression>

<JSON name and value 2> ::=
<JSON name> <colon> <JSON input expression>

<JSON name> ::=
<character value expression>

<JSON constructor null clause> ::=
NULL ON NULL

| ABSENT ON NULL

<JSON array constructor> ::=
<JSON array constructor by enumeration>

| <JSON array constructor by query>

<JSON array constructor by enumeration> ::=
JSON_ARRAY <left paren>
    [ <JSON input expression> [ { <comma> <JSON input expression> }... ]
    [ <JSON constructor null clause> ] ]
    [ <JSON output clause> ]

<right paren>

<JSON array constructor by query> ::=
JSON_ARRAY <left paren>

<query expression>
    [ <JSON input clause> ]
    [ <JSON constructor null clause> ]
    [ <JSON output clause> ]

<right paren>
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Syntax Rules

1) Thedeclared typeof a <JSONvalue constructor> JVC is thedeclared typeof its immediately contained
<JSON object constructor> or <JSON array constructor>.

2) If <JSON output clause> is not specified, then

Case:

a) If the declared type of any <value expression> simply contained in <JSON input expression>
simply contained in JVC is a JSON type, then RETURNING JSON is implicit.

b) Otherwise, RETURNING ST FORMAT JSON is implicit, where ST is an implementation-defined
(ID098) string type.

3) Let JVCFDTbe the<data type> immediately contained in the explicit or implicit <JSONoutput clause>
JOC and let JVCFFO be the explicit or implicit <JSON representation> of JOC.

4) If JVCFDT is not a JSON type, then the Syntax Rules of Subclause 9.43, “Serializing an SQL/JSON
item”, are applied with JVCFFO as FORMAT OPTION and JVCFDT as TARGET TYPE.

5) If <JSON name and value 1> JNV1 is specified and JNV1 does not immediately contain KEY, then the
<JSON name> immediately contained in JNV1 shall not be a <routine invocation> that immediately
contains a <routine name> that is a <regular identifier> that is equivalent to KEY.

NOTE 193—This Syntax Rule resolves an ambiguity. In a <JSON name and value> like "KEY(x) VALUE y", KEY could
be a key word or the beginning of a routine invocation. This Syntax Rule specifies that it is a key word.

6) If <JSON object constructor> is specified, then:

a) If <JSON constructor null clause> is not specified, then NULL ON NULL is implicit.

b) If <JSONkeyuniqueness constraint> is not specified, thenWITHOUTUNIQUEKEYS is implicit.

c) LetWUK be the explicit or implicit <JSON key uniqueness constraint>.

d) The declared type of <JSON object constructor> is JVCFDT.

7) If <JSON array constructor> is specified, then:

a) If <JSON constructor null clause> is not specified, then ABSENT ON NULL is implicit.

b) The declared type of <JSON array constructor> is JVCFDT.

c) If <JSON array constructor by query> is specified, then the <query expression> QE shall be of
degree 1 (one).

d) If <JSON array constructor by enumeration> is specified and immediately contains exactly 1
(one) <JSON input expression> JVE, then JVE shall not be a <scalar subquery>.

NOTE 194—This Syntax Rule resolves an ambiguity inwhich a <JSON array constructor> (e.g., JSON_ARRAY(
( SELECT a FROM t ) ) ) might otherwise be interpreted either as a <JSON array constructor by enumeration>
or as a <JSON array constructor by query>. The ambiguity is resolved by adopting the interpretation that such
a <JSON array constructor> is a <JSON array constructor by query>.

Access Rules

None.
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General Rules

1) The value of a <JSON value constructor> is the value of its immediately contained <JSON object
constructor> or <JSON array constructor>.

2) If <JSON object constructor> JOC is specified, then:

a) If the length of the value of any <JSON name> simply contained in JOC exceeds its implemen-
tation-defined (IL049)maximum length, then an exception condition is raised: data exception
— string data, right truncation (22001).

b) If any <JSON input expression> simply contained in JOC contains a <string value expression>
SVE and the length of the value of SVE exceeds its implementation-defined (IL050)maximum
length, then an exception condition is raised: data exception— string data, right truncation
(22001).

c) Let NNV be the number of <JSON name and value>s immediately contained in JOC.

d) Case:

i) If NNV = 0 (zero), then let CJO be a JSON object with no members.

ii) Otherwise:

1) For each i, 1 (one) ≤ i ≤ NNV:

A) Let JNVi be the i-th <JSON name and value> immediately contained in JOC.

B) Let JNi be the <JSON name> simply contained in JNVi.

C) Let VJNi be the value of JNi.

D) IfVJNi is the null value, then an exception condition is raised: data exception
— null value not allowed (22004).

E) Let JVEi be the <JSON input expression> simply contained in JNVi and let
VJVEi be the value of JVEi.

F) Case:

I) If VJVEi is a null value, then let JBVi be the SQL/JSON null.

II) If the declared type of VJVEi is a JSON type, then let JBVi be VJVEi.

III) If JVEi specifies, explicitly or implicitly, <JSON input clause> JFO, then
the General Rules of Subclause 9.42, “Parsing JSON text”, are applied
with JVEi as JSON TEXT, JFO as FORMAT OPTION, andWUK as
UNIQUENESS CONSTRAINT; let ST be the STATUS and let SJI be the
SQL/JSON ITEM returned from the applicationof thoseGeneral Rules.

Case:

1) If ST is an exception condition, then the exception condition ST
is raised.

2) Otherwise, let JBVi be SJI.

IV) Otherwise,

Case:
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1) If the declared type ofVJVEi is a character string type, a numeric
type, or a Boolean type, then let JBVi be VJVEi.

2) Otherwise, let JBVi be the result of

CAST (VJVEi AS SDT)

where SDT is an implementation-defined (ID100) character
string type with character set Unicode.

G) LetMi be the SQL/JSONmember whose key is JVNi and whose bound value
is JBVi.

2) If WITH UNIQUE KEYS is specified and, for any i, 1 (one) ≤ i ≤ NNV, and any j, i <
j ≤ NNV, VJNi and VJNjwould be equivalent when interpreted as keys of an
SQL/JSONobject, then anexception condition is raised:data exception—duplicate
JSON object key value (22030).

3) Case:

A) If the implicit or explicit <JSON constructor null clause> specifies NULL ON
NULL, then

Case:

I) IfNNV is greater than the implementation-defined (IL051)maximum
number of members in a JSON object, then an exception condition is
raised: data exception— too many JSON object members (2203E).

II) Otherwise, let CJO be a JSON object whose members areMi, 1 (one)
≤ i ≤ NNV.

B) Otherwise,

Case:

I) If the number ofMi, 1 (one) ≤ i ≤ NNV, whose bound values are not
theSQL/JSONnull is greater than the implementation-defined(IL051)
maximum number of members in a JSON object, then an exception
condition is raised: data exception— toomany JSON object members
(2203E).

II) Otherwise, let CJO be a JSON object whose members areMi, 1 (one)
≤ i ≤ NNV, whose bound values are not the SQL/JSON null.

NOTE 195—There is no implied order of themembers of the constructed JSON object.

e) Let JVCF be CJO.

3) If <JSON array constructor by enumeration> JAC is specified, then:

a) If any<JSON input expression> simply contained in<JSONarray constructor by enumeration>
contains a <string value expression> SVE and the length of the value of SVE exceeds its
implementation-defined (IL050)maximum length, then an exception condition is raised:data
exception— string data, right truncation (22001).

b) Let NJVE be the number of <JSON input expression>s immediately contained in JAC.

c) Case:

i) If NJVE is 0 (zero), then let CJA be a JSON array with no elements.
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ii) Otherwise:

1) For each i, 1 (one) ≤ i ≤ NJVE:

A) Let JVEi be the i-th <JSON input expression> immediately contained in JAC
and let VJVEi be the value of JVEi.

B) Case:

I) If VJVEi is a null value, then let JEi be the SQL/JSON null.

II) If the declared type of VJVEi is a JSON type, then let JEi be VJVEi.

III) If JVEi specifies, explicitly or implicitly, <JSON input clause> JFO, then
General Rules of Subclause 9.42, “Parsing JSON text”, are applied
with JVEi as JSON TEXT, JFO as FORMAT OPTION, and an implemen-
tation-defined (IV156) <JSON key uniqueness constraint> as
UNIQUENESS CONSTRAINT; let ST be the STATUS and let SJI be the
SQL/JSON ITEM returned from the applicationof thoseGeneral Rules.

Case:

1) If ST is an exception condition, then the exception condition ST
is raised.

2) Otherwise, let JEi be SJI.

IV) Otherwise,

Case:

1) If the declared type ofVJVEi is a character string type, a numeric
type, or a Boolean type, then let JEi be VJVEi.

2) Otherwise, let JEi be the result of

CAST (VJVEi AS SDT)

where SDT is an implementation-defined (ID100) character
string type with character set Unicode.

2) Case:

A) If the implicit or explicit <JSON constructor null clause> specifies NULL ON
NULL, then

Case:

I) IfNJVE is greater than the implementation-defined(IL052)maximum
number of elements in a JSON array, then an exception condition is
raised: data exception— too many JSON array elements (2203D).

II) Otherwise, let CJA be a JSON array whose elements are, in order, JEi,
1 (one) ≤ i ≤ NJVE.

B) Otherwise,

Case:

I) If the number of JEi, 1 (one) ≤ i ≤ NJVE, that are not the SQL/JSON
null is greater than the implementation-defined (IL052) maximum
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number of elements in a JSON array, then an exception condition is
raised: data exception— too many JSON array elements (2203D).

II) Otherwise, let CJA be a JSON array whose elements are, in order, JEi,
1 (one) ≤ i ≤ NJVE, that are not the SQL/JSON null.

NOTE 196— The elements of constructed JSON arrays are ordered and array element indices start
with 0 (zero).

d) Let JVCF be CJA.

4) If <JSON array constructor by query> JACQ is specified, then:

a) QE is evaluated, producing a table T. Let N be the number of rows in T.

b) Case:

i) If N is 0 (zero), then let CJAQ be a JSON array with no elements.

ii) Otherwise:

1) For each i, 1 (one) ≤ i ≤ N:

A) Let JVEi be the i-th row of T and let VJVEi be the value of the column of JVEi.

B) Case:

I) If VJVEi is a null value, then let JEi be the SQL/JSON null.

II) If the declared type of VJVEi is a JSON type, then let JEi be VJVEi.

III) If JACQ contains a <JSON input clause> JFO, then the General Rules
of Subclause9.42, “Parsing JSON text”, are appliedwithVJVEi as JSON
TEXT, JFO as FORMAT OPTION, and an implementation-defined
(IV156) <JSON key uniqueness constraint> as UNIQUENESS CON-
STRAINT; let ST be the STATUS and let SJI be the SQL/JSON ITEM
returned from the application of those General Rules.

Case:

1) If ST is an exception condition, then the exception condition ST
is raised.

2) Otherwise, let JEi be SJI.

IV) Otherwise,

Case:

1) If the declared type ofVJVEi is a character string type, a numeric
type, or a Boolean type, then let JEi be VJVEi.

2) Otherwise, let JEi be the result of

CAST (VJVEi AS SDT)

where where SDT is an implementation-defined (ID100) char-
acter string type with character set Unicode.

2) Case:
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A) If the implicit or explicit <JSON constructor null clause> specifies NULL ON
NULL, then

Case:

I) If N is greater than the implementation-defined (IL052) maximum
number of elements in a JSON array, then an exception condition is
raised: data exception— too many JSON array elements (2203D).

II) Otherwise, let CJAQ be a JSON array whose elements are, in order,
JEi, 1 (one) ≤ i ≤ N.

B) Otherwise,

Case:

I) If the number of JEi, 1 (one) ≤ i ≤ N, that are not the SQL/JSON null
is greater than the implementation-defined (IL052) maximum
number of elements in a JSON array, then an exception condition is
raised: data exception— too many JSON array elements (2203D).

II) Otherwise, let CJAQ be a JSON array whose elements are, in order,
JEi, 1 (one) ≤ i ≤ N, that are not the SQL/JSON null.

NOTE 197— The elements of constructed JSON arrays are ordered and array element indices start with 0
(zero).

c) Let JVCF be CJAQ.

5) Case:

a) If JVCFDT is not a JSON type, then theGeneral Rules of Subclause9.43, “Serializing an SQL/JSON
item”, are applied with JVCF as SQL/JSON ITEM, JVCFFO as FORMAT OPTION, and JVCFDT as
TARGETTYPE; let STbe the STATUS and letCJVbe the JSONTEXT returned from the application
of those General Rules.

Case:

i) If ST is an exception condition, then the exception condition ST is raised.

ii) Otherwise, the result of <JSON value constructor> is CJV.

b) Otherwise, The result of <JSON value constructor> is JVCF.

Conformance Rules

1) Without Feature T811, “Basic SQL/JSON constructor functions”, conforming SQL language shall not
contain <JSON value constructor>.

2) Without Feature T811, “Basic SQL/JSON constructor functions”, conforming SQL language shall not
contain <JSON object constructor>.

3) Without Feature T811, “Basic SQL/JSON constructor functions”, conforming SQL language shall not
contain <JSON array constructor>.

4) Without Feature T814, “Colon in JSON_OBJECT or JSON_OBJECTAGG”, conforming SQL language
shall not contain <JSON name and value 2>.

5) Without Feature T830, “Enforcing unique keys in SQL/JSON constructor functions”, conforming
SQL language shall not contain a <JSON object constructor> that specifies a <JSON key uniqueness
constraint>.
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6.35 <JSON query>

Function

Extract a JSON text from a JSON text using an SQL/JSON path expression.

Format
<JSON query> ::=
JSON_QUERY <left paren>
<JSON API common syntax>
    [ <JSON output clause> ]
    [ <JSON query wrapper behavior> WRAPPER ]
    [ <JSON query quotes behavior> QUOTES [ ON SCALAR STRING ] ]
    [ <JSON query empty behavior> ON EMPTY ]
    [ <JSON query error behavior> ON ERROR ]
<right paren>

<JSON query wrapper behavior> ::=
WITHOUT [ ARRAY ]

| WITH [ CONDITIONAL | UNCONDITIONAL ] [ ARRAY ]

<JSON query quotes behavior> ::=
KEEP

| OMIT

<JSON query empty behavior> ::=
ERROR

| NULL
| EMPTY ARRAY
| EMPTY OBJECT

<JSON query error behavior> ::=
ERROR

| NULL
| EMPTY ARRAY
| EMPTY OBJECT

Syntax Rules

1) If <JSON output clause> is not specified, then

Case:

a) If the declared type of any <value expression> simply contained in <JSON input expression>
simply contained in <JSON query> is a JSON type, then RETURNING JSON is implicit.

b) Otherwise, RETURNING SDT FORMAT JSON is implicit, where SDT is an implementation-
defined (ID101) string type.

2) The declared type DECT of <JSON query> is the type specified by the <data type> DT contained in
the explicit or implicit <JSON output clause>.

3) If DECT is a JSON type, then the implicit or explicit <JSON query quotes behavior> shall specify
KEEP.

4) If <JSON query empty behavior> is not specified, then NULL ON EMPTY is implicit.

5) If <JSON query error behavior> is not specified, then NULL ON ERROR is implicit.
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6) If <JSON query wrapper behavior> is not specified, then WITHOUT ARRAY is implicit

7) If <JSONquerywrapperbehavior> specifiesWITHandneitherCONDITIONALnorUNCONDITIONAL
is specified, then UNCONDITIONAL is implicit.

8) If <JSON query wrapper behavior> specifies WITH, then <JSON query quotes behavior> shall not
be specified.

9) If <JSON query quotes behavior> is not specified, then KEEP is implicit.

Access Rules

None.

General Rules

1) If the value of the <JSON context item> simply contained in the <JSON API common syntax> is the
null value, then the result of <JSON query> is the null value and no further General Rules of this
Subclause are applied.

2) Let JACS be the <JSON API common syntax> simply contained in <JSON query>.

3) The General Rules of Subclause 9.47, “Processing <JSON API common syntax>”, are applied with
JACS as JSON API COMMON SYNTAX; let ST1 be the STATUS and let SEQ be the SQL/JSON SEQUENCE
returned from the application of those General Rules

4) LetWB be the explicit or implicit <JSON query wrapper behavior>, let QB be the explicit or implicit
<JSON query quotes behavior>, let ZB be the explicit or implicit <JSON query empty behavior>, let
EB be the explicit or implicit <JSON query error behavior>, and let FO be the explicit or implicit
<JSON representation> contained in the <JSON query>.

5) Case:

a) If DECT is a JSON type, then the General Rules of Subclause 9.44, “Converting an SQL/JSON
sequence to an SQL/JSON item”, are applied with ST1 as STATUS IN, SEQ as SQL/JSON
SEQUENCE,WB asWRAPPERBEHAVIOR,ZB asEMPTYBEHAVIOR, andEB asERRORBEHAVIOR;
let ST2 be the STATUS OUT and let V be the VALUE returned from the application of those
General Rules.

b) Otherwise, the General Rules of Subclause 9.49, “Serializing an SQL/JSON sequence to an SQL
string type”, are appliedwith ST1 as STATUS IN, SEQ as SQL/JSONSEQUENCE,WB asWRAPPER
BEHAVIOR, QB as QUOTES BEHAVIOR, ZB as EMPTY BEHAVIOR, EB as ERROR BEHAVIOR, DT
as DATA TYPE, and FO as FORMAT OPTION; let ST2 be the STATUS OUT and let V be the VALUE
returned from the application of those General Rules.

6) If ST2 is an exception condition, then the exception condition ST2 is raised. Otherwise,V is the result
of the <JSON query>.

Conformance Rules

1) Without Feature T828, “JSON_QUERY”, conforming SQL language shall not contain <JSON query>.

2) Without Feature T825, “SQL/JSON: ON EMPTY and ON ERROR clauses”, <JSON query> shall not
contain <JSON query empty behavior>.

3) Without Feature T825, “SQL/JSON: ON EMPTY and ON ERROR clauses”, <JSON query> shall not
contain <JSON query error behavior>.
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4) Without Feature T829, “JSON_QUERY: array wrapper options”, <JSON query> shall not contain
<JSON query wrapper behavior>.
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6.36 <JSON simplified accessor>

Function

Extract a value from an SQL/JSON value.

Format
<JSON simplified accessor> ::=
<value expression primary> <JSON simplified accessor op chain>

<JSON simplified accessor op chain> ::=
<JSON simplified accessor op>

| <JSON simplified accessor op chain> <JSON simplified accessor op>

<JSON simplified accessor op> ::=
<JSON member accessor>

| <JSON wildcard member accessor>
| <JSON array accessor>
| <JSON wildcard array accessor>
| <JSON item method>

Syntax Rules

1) Let JA be the <JSON simplified accessor>, let VEP be the <value expression primary> immediately
contained in JA, and let JC be the <JSON simplified accessor op chain> immediately contained in JA.
Let JO be the <JSON simplified accessor op> immediately contained in JC.

2) The declared type of VEP shall be a JSON type.

3) Case:

a) If JO is a <JSON itemmethod> JIM and the <JSONmethod> JM simply contained in JIM specifies
bigint, boolean, date, decimal, double, integer, number, size, string, time,
time_tz, timestamp, timestamp_tz, or type, then:

i) Case:

1) If JM specifies bigint, then let RT be BIGINT.

2) If JM specifies boolean, then let RT be BOOLEAN.

3) If JM specifies date, then let RT be DATE.

4) If JM specifies decimal, then

Case:

A) If <scale> S is specified, then let P be the <precision>. Let RT be
DECIMAL(P,S).

B) If <precision> P is specified, then let RT be DECIMAL(P).

C) Otherwise, let RT be DECIMAL.

5) If JM specifies double, then let RT be DOUBLE PRECISION.

6) If JM specifies integer, then let RT be INTEGER.
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7) If JM specifiesnumberorsize, then letMLbean implementation-defined(IL064)
maximum length for variable-length character strings and let RT be CHARACTER
VARYING(ML).

8) If JM specifies string or type, then let RT be BIGINT.

9) If JM specifies time, then

Case:

A) If <time precision> P is specified, then let RT be TIME(P).

B) Otherwise, let RT be TIME.

10) If JM specifies time_tz, then

Case:

A) If <time precision> P is specified, then letRT be TIME(P)WITHTIME ZONE.

B) Otherwise, let RT be TIMEWITH TIME ZONE.

11) If JM specifies timestamp, then

Case:

A) If <timestamp precision> P is specified, then let RT be TIMESTAMP(P).

B) Otherwise, let RT be TIMESTAMP.

12) If JM specifies timestamp_tz, then

Case:

A) If <timestampprecision>P is specified, then letRTbeTIMESTAMP(P)WITH
TIME ZONE.

B) Otherwise, let RT be TIMESTAMPWITH TIME ZONE.

ii) JA is equivalent to the <JSON value function>:

JSON_VALUE ( VEP, 'lax $.JC' RETURNING RT
NULL ON EMPTY NULL ON ERROR)

NOTE 198— This syntactic transformation maintains the case-sensitivity of JC as specified. No
implicit case folding is performed.

b) Otherwise, JA is equivalent to the <JSON query>:

JSON_QUERY ( VEP, 'lax $.JC' WITH CONDITIONAL ARRAY WRAPPER
NULL ON EMPTY NULL ON ERROR)

NOTE 199— This syntactic transformation maintains the case-sensitivity of JC as specified. No implicit case
folding is performed.

4) The Conformance Rules of Subclause 6.1, “<data type>”,are applied to the result of the preceding
syntactic transformation.

Access Rules

None.
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General Rules

None.

Conformance Rules

1) Without Feature T861, “SQL/JSON simplified accessor: case-sensitive JSON member accessor”, in
conforming SQL language, a <JSONpath key name> simply contained in a <JSON simplified accessor
op> shall conform to the Format of <delimited identifier> and shall not contain a <reverse solidus>
or a <double quote symbol>.

2) Without Feature T860, “SQL/JSON simplified accessor: column reference only”, conforming SQL
language shall not contain a <JSON simplified accessor>.

3) Without Feature T864, “SQL/JSON simplified accessor”, in conforming SQL language, the <value
expression primary> immediately contained in <JSON simplified accessor> shall be a <column ref-
erence>.

4) Without Feature T862, “SQL/JSON simplified accessor: wildcard member accessor”, in conforming
SQL language, a <JSON simplified accessor op chain> shall not simply contain a <JSON wildcard
member accessor>.

5) Without Feature T863, “SQL/JSON simplified accessor: single-quoted string literal as member
accessor”, in conforming SQL language, a <JSON simplified accessor op> shall not simply contain a
<JSONmember accessor> that immediately contains a <JSON path string literal> that starts with a
<quote>.

6) Without Feature T861, “SQL/JSON simplified accessor: case-sensitive JSON member accessor”, in
conforming SQL language, a <JSON path string literal> JL that starts and ends with a <quote>
immediately contained in a <JSON member accessor> simply contained in a <JSON simplified
accessor op> shall not contain a <reverse solidus> or any <quote> other than the <quote>s with
which JL starts and ends.
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6.37 <JSON serialize>

Function

Serialize a value of JSON type as a string.

Format
<JSON serialize> ::=
JSON_SERIALIZE <left paren> <JSON value expression>
    [ <JSON output clause> ]
<right paren>

Syntax Rules

1) If <JSON output clause> is not specified, then RETURNING SDT FORMAT JSON is implicit, where
SDT is an implementation-defined (ID102) string type.

2) Let FO be the explicit or implicit <JSON representation> simply contained in the explicit or implicit
<JSON output clause> JOC. Let DT be the <data type> simply contained in JOC.

3) The Syntax Rules of Subclause 9.43, “Serializing an SQL/JSON item”, are appliedwith FO as FORMAT
OPTION and DT as TARGET TYPE.

4) The declared type of <JSON serialize> is the type specified by DT.

Access Rules

None.

General Rules

1) Let JVE be the value of the <JSON value expression>.

2) If JVE is the null value, then the value of <JSON serialize> is the null value and no further General
Rules of this Subclause are applied.

3) The General Rules of Subclause 9.43, “Serializing an SQL/JSON item”, are applied with JVE as
SQL/JSON ITEM, FO as FORMAT OPTION, and DT as TARGET TYPE; let ST be the STATUS and let V
be the JSON TEXT returned from the application of those General Rules.

Case:

a) If ST is an exception condition, then the exception condition ST is raised.

b) Otherwise, V is the result of <JSON serialize>.

Conformance Rules

1) Without Feature T801, “JSONdata type”, conforming SQL language shall not contain a <JSON serial-
ize>.

2) Without FeatureT851, “SQL/JSON: optional keywords for default syntax”, conforming SQL language
shall not contain a <JSON serialize> that simply contains FORMAT JSON.
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6.38 <JSON value expression>

Function

Specify a value of type JSON.

Format
<JSON value expression> ::=
<JSON primary>

<JSON primary> ::=
<value expression primary>

| <JSON typed value function>

Syntax Rules

1) The declared type of the <value expression primary> immediately contained in <JSON primary>
shall be a JSON type.

2) The declared type of <JSON value expression> is the declared type of the simply contained <value
expression primary> or <JSON typed value function>.

Access Rules

None.

General Rules

1) The value of <JSON value expression> is the value of the simply contained <value expression
primary> or <JSON typed value function>.

Conformance Rules

1) Without Feature T801, “JSON data type”, conforming SQL language shall not contain a <JSON value
expression>.
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6.39 <JSON typed value function>

Function

Specify a function that returns a value of type JSON.

Format
<JSON typed value function> ::=

<JSON parse>
| <JSON scalar>

Syntax Rules

1) The declared type of the <JSON typed value function> is the declared type of the immediately con-
tained <JSON parse> or <JSON scalar>.

Access Rules

None.

General Rules

1) The value of the <JSON typed value function> is the value of the immediately contained <JSON
parse> or <JSON scalar>.

Conformance Rules

1) Without Feature T801, “JSON data type”, conforming SQL language shall not contain a <JSON typed
value function>.
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6.40 <JSON parse>

Function

Perform a non-validating parse of a string to produce an SQL/JSON value of type JSON.

Format
<JSON parse> ::=
JSON <left paren> <string value expression>
    [ <JSON input clause> ]
    [ <JSON key uniqueness constraint> ]
<right paren>

Syntax Rules

1) The declared type of <JSON parse> is JSON.

2) If <JSON input clause> is not specified, then FORMAT JSON is implicit.

3) Let FO be the explicit or implicit <JSON input clause>.

4) If <JSON key uniqueness constraint> is not specified, then WITHOUT UNIQUE KEYS is implicit.

5) Let JPUC be the explicit or implicit <JSON key uniqueness constraint>.

Access Rules

None.

General Rules

1) Let SVE be the value of the <string value expression>.

2) If SVE is the null value, then the value of <JSONparse> is the null value and no further General Rules
of this Subclause are applied.

3) The General Rules of Subclause 9.42, “Parsing JSON text”, are applied with SVE as JSON TEXT, FO as
FORMAT OPTION, and JPUC as UNIQUENESS CONSTRAINT; let ST be the STATUS and let SJI be the
SQL/JSON ITEM returned from the application of those General Rules.

Case:

a) If ST is an exception condition, then the exception condition ST is raised.

b) Otherwise, SJI is the result of <JSON parse>.

Conformance Rules

1) Without Feature T801, “JSON data type”, conforming SQL language shall not contain <JSON parse>.

2) Without Feature T802, “Enhanced JSON data type”, conforming SQL language shall not contain a
<JSON parse> that contains a <JSON key uniqueness constraint>.
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3) Without FeatureT851, “SQL/JSON: optional keywords for default syntax”, conforming SQL language
shall not contain a <JSON parse> that simply contains FORMAT JSON.
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6.41 <JSON scalar>

Function

Generate an SQL/JSON scalar value of type JSON.

Format
<JSON scalar> ::=
JSON_SCALAR <left paren> <value expression> <right paren>

Syntax Rules

1) The declared type of <JSON scalar> is JSON.

2) The declared type of the <value expression> VE shall be a character string data type, numeric data
type, Boolean data type, or datetime data type.

Access Rules

None.

General Rules

1) Let V be the value of VE.

2) Case:

a) If V is the null value, then the value of <JSON scalar> is the null value and no further General
Rules of this Subclause are applied.

NOTE 200— In this case, the null value is an SQL null value. An SQL null value is distinct from an SQL/JSON
null.

b) Otherwise, the value of <JSON scalar> is an SQL/JSON scalar whose value is V.

Conformance Rules

1) Without FeatureT801, “JSONdata type”, conforming SQL language shall not contain a <JSONscalar>.
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6.42 <datetime value expression>

Function

Specify a datetime value.

Format
<datetime value expression> ::=

<datetime term>
| <interval value expression> <plus sign> <datetime term>
| <datetime value expression> <plus sign> <interval term>
| <datetime value expression> <minus sign> <interval term>

<datetime term> ::=
<datetime factor>

<datetime factor> ::=
<datetime primary> [ <time zone> ]

<datetime primary> ::=
<value expression primary>

| <datetime value function>

<time zone> ::=
AT <time zone specifier>

<time zone specifier> ::=
LOCAL

| TIME ZONE <interval primary>

Syntax Rules

1) The declared type of a <datetime primary> shall be datetime.

2) If the <datetime value expression> immediately contains neither <plus sign> nor <minus sign>,
then the precision of the result of the <datetime value expression> is the precision of the <value
expression primary> or <datetime value function> that it simply contains.

3) If the declared type of the <datetime primary> is DATE, then <time zone> shall not be specified.

4) Case:

a) If <time zone> is specified and the declared type of <datetime primary> is TIMESTAMP
WITHOUT TIME ZONE or TIMEWITHOUT TIME ZONE, then the declared type of <datetime
term> is TIMESTAMPWITH TIME ZONE or TIMEWITH TIME ZONE, respectively, with the
same fractional seconds precision as <datetime primary>.

b) Otherwise, the declared type of <datetime term> is the sameas the declared type of <datetime
primary>.

5) If the <datetime value expression> immediately contains either <plus sign> or <minus sign>, then:

a) The <interval value expression> or <interval term> shall contain only <primary datetime
field>s that are contained within the <datetime value expression> or <datetime term>.

b) The result of the <datetime value expression> contains the same <primary datetime field>s
that are contained in the <datetime value expression> or <datetime term>, with a fractional
seconds precision that is the greater of the fractional seconds precisions, if any, of either the
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<datetime value expression> and<interval term>, or the <datetime term> and<interval value
expression> that it simply contains.

6) The declared type of the <interval primary> immediately contained in a <time zone specifier> shall
be INTERVAL HOUR TO MINUTE.

Access Rules

None.

General Rules

1) If the value of any <datetime primary>, <interval value expression>, <datetime value expression>,
or <interval term> simply contained in a <datetime value expression> is the null value, then the
result of the <datetime value expression> is the null value.

2) If <timezone> is specifiedand the<interval primary> immediately contained in<timezone specifier>
is the null value, then the result of the <datetime value expression> is the null value.

3) The value of a <datetime primary> is the value of the immediately contained <value expression
primary> or <datetime value function>.

4) In the followingGeneral Rules, arithmetic is performed so as tomaintain the integrity of the datetime
data type that is the result of the <datetime term>or <datetime value expression>. Thismay involve
carry from or to the immediately next more significant <primary datetime field>. If the data type
of the <datetime term> or <datetime value expression> is time with or without time zone, then
arithmetic on the HOUR <primary datetime field> is undertaken modulo 24. If the <interval value
expression> or <interval term> is a year-month interval, then the DAY field of the result is the same
as the DAY field of the <datetime term> or <datetime value expression>.

5) The value of a <datetime term> is determined as follows. Let DT be the declared type, DV the UTC
component of the value, and TZD the time zone component, if any, of the <datetime primary> DP
simply contained in the<datetime term>, and let STZDbe the current default time zonedisplacement
of the SQL-session.

Case:

a) If <time zone> is not specified, then the value of <datetime term> is the value of DP.

b) Otherwise:

i) Case:

1) IfDT is datetimewith time zone, then theUTC component of the <datetime term>
is DV.

2) Otherwise, the UTC component of the <datetime term> is DV − STZD.

ii) Case:

1) If LOCAL is specified, then let TZ be STZD.

2) If TIME ZONE is specified, then

Case:

A) If the value of the <interval primary> immediately contained in <time zone
specifier> is less than theminimumpermitted negative time zone displace-
ment or greater than themaximum permitted negative time zone displace-
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ment, then an exception condition is raised: data exception— invalid time
zone displacement value (22009).

B) Otherwise, let TZ be the value of the <interval primary> simply contained
in <time zone>.

iii) The time zone component of the value of the <datetime term> is TZ.

6) If a <datetime value expression> immediately contains the operator <plus sign> or <minus sign>,
then the time zone component, if any, of the result is the same as the time zone component of the
immediately contained <datetime term> or <datetime value expression>. The result (if the result
type is without time zone) or the UTC component of the result (if the result type has time zone) is
effectively evaluated as follows:

a) Case:

i) If <datetime value expression> immediately contains the operator <plus sign> and the
<interval value expression> or <interval term> is not negative, or if <datetime value
expression> immediately contains the operator <minus sign> and the <interval term>
is negative, then successive<primarydatetimefield>s of the<interval value expression>
or <interval term> are added to the corresponding fields of the <datetime value
expression> or <datetime term>.

ii) Otherwise, successive <primary datetime field>s of the <interval value expression> or
<interval term> are subtracted from the corresponding fields of the <datetime value
expression> or <datetime term>.

b) If, after thepreceding step, any<primarydatetimefield>of the result is outside thepermissible
range of values for the field or the result is invalid based on the natural rules for dates and
times, then an exception condition is raised: data exception—datetime field overflow (22008).

NOTE 201— For the permissible range of values for <primary datetime field>s, see Table 13, “Valid values
for datetime fields”.

Conformance Rules

1) Without Feature F052, “Intervals and datetime arithmetic”, conforming SQL language shall not
contain <datetime value expression> that immediately contains a <plus sign> or a <minus sign>.

2) Without Feature F411, “Time zone specification”, conforming SQL language shall not contain a
<time zone>.
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6.43 <datetime value function>

Function

Specify a function yielding a value of type datetime.

Format
<datetime value function> ::=

<current date value function>
| <current time value function>
| <current timestamp value function>
| <current local time value function>
| <current local timestamp value function>

<current date value function> ::=
CURRENT_DATE

<current time value function> ::=
CURRENT_TIME [ <left paren> <time precision> <right paren> ]

<current local time value function> ::=
LOCALTIME [ <left paren> <time precision> <right paren> ]

<current timestamp value function> ::=
CURRENT_TIMESTAMP [ <left paren> <timestamp precision> <right paren> ]

<current local timestamp value function> ::=
LOCALTIMESTAMP [ <left paren> <timestamp precision> <right paren> ]

Syntax Rules

1) The declared type of a <current date value function> is DATE. The declared type of a <current time
value function> isTIMEWITHTIMEZONE.Thedeclared typeof a<current timestampvalue function>
is TIMESTAMPWITH TIME ZONE.

NOTE202—See theSyntaxRulesof Subclause6.1, “<data type>”, for rules governing<timeprecision>and<timestamp
precision>.

2) Case:

a) If <time precision> TP is specified, then LOCALTIME(TP) is equivalent to:

CAST (CURRENT_TIME(TP) AS TIME(TP) WITHOUT TIME ZONE)

b) Otherwise, LOCALTIME is equivalent to:

CAST (CURRENT_TIME AS TIME WITHOUT TIME ZONE)

3) Case:

a) If <timestamp precision> TP is specified, then LOCALTIMESTAMP(TP) is equivalent to:

CAST (CURRENT_TIMESTAMP(TP) AS TIMESTAMP(TP) WITHOUT TIME ZONE)

b) Otherwise, LOCALTIMESTAMP is equivalent to:

CAST (CURRENT_TIMESTAMP AS TIMESTAMP WITHOUT TIME ZONE)
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Access Rules

None.

General Rules

1) If the SQL-session context statement timestamp is “not set”, then set it to the current date and time.
NOTE 203— This can happen at any implementation-dependent time after the setting of the statement timestamp
to “not set”; thedeterminationof the statement timestampneednotwait for evaluationof a <datetimevalue function>.

2) The <datetime value function>s CURRENT_DATE, CURRENT_TIME, and CURRENT_TIMESTAMP
respectively return the date, time, and timestamp from the current SQL-session context’s statement
timestamp; the time and timestamp values are returned with time zone displacement equal to the
current default time zone displacement of the SQL-session.

3) If specified, <time precision> and <timestamp precision> respectively determine the precision of
the time or timestamp value returned.

Conformance Rules

1) Without Feature F555, “Enhanced seconds precision”, conforming SQL language shall not contain
a <current local time value function> that contains a <time precision> that is not 0 (zero) and shall
not contain a <current time value function> that contains a <time precision> that is not 0 (zero).

2) Without Feature F555, “Enhanced seconds precision”, conforming SQL language shall not contain
a <current local timestamp value function> that contains a <timestamp precision> that is neither
0 (zero) nor6 and shall not contain a<current timestampvalue function> that contains a<timestamp
precision> that is neither 0 (zero) nor 6.

3) Without Feature F411, “Time zone specification”, conforming SQL language shall not contain a
<current time value function>.

4) Without Feature F411, “Time zone specification”, conforming SQL language shall not contain a
<current timestamp value function>.
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6.44 <interval value expression>

Function

Specify an interval value.

Format
<interval value expression> ::=

<interval term>
| <interval value expression 1> <plus sign> <interval term 1>
| <interval value expression 1> <minus sign> <interval term 1>
| <left paren> <datetime value expression> <minus sign> <datetime term> <right paren>

<interval qualifier>

<interval term> ::=
<interval factor>

| <interval term 2> <asterisk> <factor>
| <interval term 2> <solidus> <factor>
| <term> <asterisk> <interval factor>

<interval factor> ::=
[ <sign> ] <interval primary>

<interval primary> ::=
<value expression primary> [ <interval qualifier> ]

| <interval value function>

<interval value expression 1> ::=
<interval value expression>

<interval term 1> ::=
<interval term>

<interval term 2> ::=
<interval term>

Syntax Rules

1) The declared type of an <interval value expression> is interval. The declared type of a <value
expression primary> immediately contained in an <interval primary> shall be interval.

2) Case:

a) If the <interval value expression> simply contains an <interval qualifier> IQ, then the declared
type of the result is INTERVAL IQ.

b) If the <interval value expression> is an <interval term>, then the result of the <interval value
expression> contains the same interval fields as the <interval primary>. If the <interval
primary> contains a seconds field, then the result’s fractional seconds precision is the same
as the <interval primary>’s fractional seconds precision. The result’s <interval leading field
precision> is implementation-defined (IV157), but shall not be less than the <interval leading
field precision> of the <interval primary>.

c) If <interval term 1> is specified, then the result contains every interval field that is contained
in the result of either <interval value expression 1> or <interval term 1>, and, if both contain
a seconds field, then the fractional seconds precision of the result is the greater of the two
fractional secondsprecisions. The<interval leadingfieldprecision> is implementation-defined
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(IV157), but shall be sufficient to represent all interval values with the interval fields and
<interval leading field precision> of <interval value expression 1> aswell as all interval values
with the interval fields and <interval leading field precision> of <interval term 1>.

NOTE 204— Interval fields are effectively defined by Table 4, “Fields in year-month INTERVAL values”, and
Table 5, “Fields in day-time INTERVAL values”.

3) Case:

a) If <interval term 1> is a year-month interval, then <interval value expression 1> shall be a
year-month interval.

b) If <interval term 1> is a day-time interval, then <interval value expression 1> shall be a day-
time interval.

4) If <datetime value expression> is specified, then <datetime value expression> and <datetime term>
shall be comparable.

5) An <interval primary> shall specify <interval qualifier> only if the <interval primary> specifies a
<dynamic parameter specification>.

Access Rules

None.

General Rules

1) If an <interval term> specifies “<term> * <interval factor>”, then let T and F be respectively the
value of the <term> and the value of the <interval factor>. The result of the <interval term> is the
result of F * T.

2) If the value of any <interval primary>, <datetime value expression>, <datetime term>, or <factor>
that is simply contained in an <interval value expression> is the null value, then the result of the
<interval value expression> is the null value.

3) If IP is an <interval primary>, then

Case:

a) If IP immediately contains a<value expressionprimary>VEP andanexplicit <interval qualifier>
IQ, then the value of IP is computed by:

CAST ( VEP AS INTERVAL IQ )

b) If IP immediately contains a <value expression primary> VEP, then the value of IP is the value
of VEP.

c) If IP is an <interval value function> IVF, then the value of IP is the value of IVF.

4) If the <sign> of an <interval factor> is <minus sign>, then the value of the <interval factor> is the
negative of the value of the <interval primary>; otherwise, the value of an <interval factor> is the
value of the <interval primary>.

5) If <interval term 2> is specified, then:

a) Let X be the value of <interval term 2> and let Y be the value of <factor>.

b) LetP andQbe respectively themost significant and least significant<primarydatetimefield>s
of <interval term 2>.
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c) Let E be an exact numeric result of the operation

CAST ( CAST ( X AS INTERVAL Q ) AS E1 )

where E1 is an exact numeric data type of sufficient scale and precision so as to not lose signi-
ficant digits.

d) Let OP be the operator * or / specified in the <interval value expression>.

e) Let I, the result of the <interval value expression> expressed in terms of the <primary datetime
field> Q, be the result of

CAST ( (E OP Y) AS INTERVAL Q )

f) The result of the <interval value expression> is

CAST ( I AS INTERVAL W )

whereW is an <interval qualifier> identifying the <primary datetime field>s P TO Q, but with
<interval leading field precision> such that significant digits are not lost.

6) If <interval term 1> is specified, then let P and Q be respectively the most significant and least sig-
nificant <primary datetime field>s in <interval term 1> and <interval value expression 1>, let X be
the value of <interval value expression 1>, and let Y be the value of <interval term 1>.

a) Let A be an exact numeric result of the operation

CAST ( CAST ( X AS INTERVAL Q )
AS E1 )

where E1 is an exact numeric data type of sufficient scale and precision so as to not lose signi-
ficant digits.

b) Let B be an exact numeric result of the operation

CAST ( CAST ( Y AS INTERVAL Q )
AS E2 )

where E2 is an exact numeric data type of sufficient scale and precision so as to not lose signi-
ficant digits.

c) Let OP be the operator + or − specified in the <interval value expression>.

d) Let I, the result of the <interval value expression> expressed in terms of the <primary datetime
field> Q, be the result of:

CAST ( (A OP B) AS
INTERVAL Q )

e) The result of the <interval value expression> is

CAST ( I AS INTERVAL W )

whereW is an <interval qualifier> identifying the <primary datetime field>s P TO Q, but with
<interval leading field precision> such that significant digits are not lost.

7) If <datetime value expression> is specified, then let Y be the least significant <primary datetime
field> specified by <interval qualifier>. Let DTE be the <datetime value expression>, let DT be the
<datetime term>, and letMSPbe the implementation-defined (IL045)maximumseconds precision.
Evaluation of <interval value expression> proceeds as follows:

a) Case:
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If the declared type of <datetime value expression> is TIMEWITH TIME ZONE, then
let A be the value of:

CAST ( DTE AT LOCAL

i)

AS TIME(MSP) WITHOUT
TIME ZONE )

ii) If the declared type of <datetime value expression> is TIMESTAMPWITH TIME ZONE,
then let A be the value of:

CAST ( DTE AT LOCAL
AS TIMESTAMP(MSP) WITHOUT
TIME ZONE )

iii) Otherwise, let A be the value of DTE.

b) Case:

i) If the declared type of <datetime term> is TIMEWITH TIME ZONE, then let B be the
value of:

CAST ( DT AT LOCAL
AS TIME(MSP) WITHOUT
TIME ZONE )

ii) If the declared type of <datetime term> is TIMESTAMPWITH TIME ZONE, then let B
be the value of:

CAST ( DT AT LOCAL
AS TIMESTAMP(MSP) WITHOUT
TIME ZONE )

iii) Otherwise, let B be the value of DT.

c) A and B are converted to integer scalars A2 and B2 respectively in units Y as displacements
from some implementation-dependent (UV075) start datetime.

d) The result is determined by effectively computing A2−B2 and then converting the difference
to an interval using an <interval qualifier> whose <end field> is Y and whose <start field> is
sufficiently significant to avoid loss of significant digits. The difference of two values of type
TIME (with or without time zone) is constrained to be between −24:00:00 and +24:00:00
(excluding each endpoint); it is implementation-defined (IA026)whichof twonon-zero values
in this range is the result, although the computation shall be deterministic. That interval is
then converted to an interval using the specified <interval qualifier>, rounding or truncating
if necessary. The choice of whether to round or truncate is implementation-defined (IA002).
If the required number of significant digits exceeds the implementation-defined (IL045)
maximum number of significant digits, then an exception condition is raised: data exception
— interval field overflow (22015).

Conformance Rules

1) Without Feature F052, “Intervals and datetime arithmetic”, conforming SQL language shall not
contain an <interval value expression>.
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6.45 <interval value function>

Function

Specify a function yielding a value of type interval.

Format
<interval value function> ::=
<interval absolute value function>

<interval absolute value function> ::=
ABS <left paren> <interval value expression> <right paren>

Syntax Rules

1) If <interval absolute value function> is specified, then the declared type of the result is the declared
type of the <interval value expression>.

Access Rules

None.

General Rules

1) If <interval absolute value function> is specified, then let N be the value of the <interval value
expression>.

Case:

a) If N is the null value, then the result is the null value.

b) If N ≥ 0 (zero), then the result is N.

c) Otherwise, the result is −1 * N.

Conformance Rules

1) Without Feature F052, “Intervals and datetime arithmetic”, conforming SQL shall not contain an
<interval value function>.
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6.46 <boolean value expression>

Function

Specify a Boolean value.

Format
<boolean value expression> ::=

<boolean term>
| <boolean value expression> OR <boolean term>

<boolean term> ::=
<boolean factor>

| <boolean term> AND <boolean factor>

<boolean factor> ::=
[ NOT ] <boolean test>

<boolean test> ::=
<boolean primary> [ IS [ NOT ] <truth value> ]

<truth value> ::=
TRUE

| FALSE
| UNKNOWN

<boolean primary> ::=
<predicate>

| <boolean predicand>

<boolean predicand> ::=
<parenthesized boolean value expression>

| <non-parenthesized value expression primary>

<parenthesized boolean value expression> ::=
<left paren> <boolean value expression> <right paren>

Syntax Rules

1) The declared type of a <boolean value expression> is Boolean.

2) The declared type of a <parenthesized boolean value expression> is Boolean.

3) The declared type of a <non-parenthesized value expression primary> shall be Boolean.

4) If NOT is specified in a <boolean test>, then let BP be the contained <boolean primary> and let TV
be the contained <truth value>. The <boolean test> is equivalent to:

( NOT ( BP IS TV ) )

5) Let X denote either a column C or the <key word> VALUE. Given a <boolean value expression> BVE
and X, the notion “BVE is a readily-known-not-null condition for X” is defined as follows.

Case:

a) If BVE is a <predicate> of the form “RVE IS NOT NULL”, where RVE is a <row value predicand>
that is a<rowvalue constructorpredicand> that simply contains a<commonvalueexpression>,
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<boolean predicand>, or <row value constructor element> that is a <column reference> that
references C, then BVE is a readily-known-not-null condition for C.

b) IfBVE is the<predicate> “VALUE ISNOTNULL”, thenBVE is a readily-known-not-null condition
for VALUE.

c) Otherwise, BVE is not a readily-known-not-null condition for X.

6) Let X denote either a column C or the <key word> VALUE. Given a <boolean value expression> BVE
and X, the notion “BVE is a known-not-null condition for X” is defined recursively as follows:

a) IfBVE is a <predicate>, thenBVE is a known-not-null condition forX ifBVE is a readily-known-
not-null condition for X.

b) If the SQL-implementation supports FeatureT101, “Enhancednullability determination”, then
BVE is also recognized as a known-not-null condition forX according to the following recursive
rules:

i) IfBVE is a <parenthesizedbooleanvalue expression>and the simply contained<boolean
value expression> is a known-not-null condition for X, then BVE is a known-not-null
condition for X.

ii) If BVE is a <non-parenthesized value expression primary>, then BVE is not a known-
not-null condition for X.

iii) IfBVE is a <boolean test>, then letBPbe the<booleanprimary> immediately contained
in BVE. If BP is a known-not-null condition for X, and <truth value> is not specified,
then BVE is a known-not-null condition for X. Otherwise, BVE is not a known-not-null
condition for X.

iv) If BVE is of the form “NOT BT”, where BT is a <boolean test>, then

Case:

1) If BT is “CR IS NULL”, where CR is a column reference that references column C,
then BVE is a known-not-null condition for C.

2) If BT is “VALUE IS NULL”, then BVE is a known-not-null condition for VALUE.

3) Otherwise, BVE is not a known-not-null condition for X.
NOTE 205— For simplicity, this rule does not attempt to analyze conditions such as “NOT NOT A IS
NULL”, or “NOT (A IS NULL OR NOT (B = 2))”

v) If BVE is of the form “BVE1 AND BVE2”, then

Case:

1) If at least one of BVE1 and BVE2 is a known-not-null condition for X, then BVE is
a known-not-null condition for X.

2) Otherwise, BVE is not a known-not-null condition for X.

vi) If BVE is of the form “BVE1 OR BVE2”, then BVE is not a known-not-null condition for
X.

NOTE 206— For simplicity, this rule does not detect cases such as “A IS NOT NULL OR A IS NOT
NULL”, which might be classified as a known-not-null condition.

c) If BVE conforms to an implementation-defined (IA216) rule that enables the SQL-implemen-
tation to correctly infer that, when BVE is True, then X cannot be null, then BVE is a known-
not-null condition for X.

7) The notion of “retrospectively deterministic” is defined recursively as follows:
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A <parenthesized boolean value expression> is retrospectively deterministic if the simply
contained <boolean value expression> is retrospectively deterministic.

a)

b) A <non-parenthesized value expression primary> is retrospectively deterministic if it does
not contain a potential source of non-determinism.

c) A <predicate> P is retrospectively deterministic if exactly one of the following is true:

i) P does not contain a potential source of non-determinism.

ii) P is a <comparison predicate> of the form “X < Y”, “X <= Y”, “Y > X”, “Y >= X”, “X < Y + Z”,
“X <= Y + Z”, “Y + Z > X”, “Y + Z >= X”, “X < Y − Z”, “X <= Y − Z”, “Y − Z > X”, or “Y − Z >= X”,
where Y is CURRENT_DATE, CURRENT_TIMESTAMP or LOCALTIMESTAMP, X and Z
do not contain a potential source of non-determinism, and the declared types of the
left and right comparands are either both datetime with time zone or both datetime
without time zone.

iii) P is a <quantified comparison predicate> of the form “Y > <quantifier> <table sub-
query>”, “Y + Z > <quantifier> <table subquery>”, “Y − Z > <quantifier> <table sub-
query>”, “Y>=<quantifier><table subquery>”, “Y+Z>=<quantifier><table subquery>”,
or “Y - Z >= <quantifier> <table subquery>”, where Y is CURRENT_DATE, CUR-
RENT_TIMESTAMP or LOCALTIMESTAMP, Z does not contain a potential source of
non-determinism, the <table subquery> does not contain a potential source of non-
determinism, and the declared types of the left and right comparands are either both
datetime with time zone or both datetime without time zone.

iv) P is a <between predicate> that is transformed into a retrospectively deterministic
<boolean value expression>.

d) A <boolean primary> is retrospectively deterministic if the simply contained <predicate>,
<parenthesizedboolean value expression>or <non-parenthesized value expressionprimary>
is retrospectively deterministic.

e) Let BF be a <boolean factor>. Let BP be the <boolean primary> simply contained in BF.

i) BF is called negative if BF is of any of the following forms:

NOT BP
BP IS FALSE
BP IS NOT TRUE
NOT BP IS NOT FALSE
NOT BP IS TRUE

ii) BF is retrospectively deterministic if and only if exactly one of the following is true:

1) BF is negative and BF does not contain a potential source of non-determinism.

2) BF is not negative and BP is retrospectively deterministic.

f) A <boolean value expression> is retrospectively deterministic if every simply contained
<boolean factor> is retrospectively deterministic.

Access Rules

None.
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General Rules

1) The result is derived by the application of the specified Boolean operators (“AND”, “OR”, “NOT”,
and “IS”) to the results derived fromeach<booleanprimary>. If Boolean operators are not specified,
then the result of the <boolean value expression> is the result of the specified <boolean primary>.

2) NOT (True) is False, NOT (False) is True, and NOT (Unknown) is Unknown.

3) Table 15, “Truth table for the AND Boolean operator”, Table 16, “Truth table for the OR Boolean
operator”, and Table 17, “Truth table for the IS Boolean operator”, specify the semantics of AND,
OR, and IS, respectively.

Table 15— Truth table for the AND Boolean operator

UnknownFalseTrueAND

UnknownFalseTrueTrue

FalseFalseFalseFalse

UnknownFalseUnknownUnknown

Table 16— Truth table for the OR Boolean operator

UnknownFalseTrueOR

TrueTrueTrueTrue

UnknownFalseTrueFalse

UnknownUnknownTrueUnknown

Table 17— Truth table for the IS Boolean operator

UNKNOWNFALSETRUEIS

FalseFalseTrueTrue

FalseTrueFalseFalse

TrueFalseFalseUnknown

Conformance Rules

1) Without FeatureT031, “BOOLEANdata type”, conforming SQL language shall not contain a <boolean
primary> that simply contains a <non-parenthesized value expression primary>.

2) Without Feature F571, “Truth value tests”, conforming SQL language shall not contain a <boolean
test> that simply contains a <truth value>.

© ISO/IEC 2023 – All rights reserved 373

ISO/IEC 9075-2:2023(E)
6.46 <boolean value expression>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


6.47 <array value expression>

Function

Specify an array value.

Format
<array value expression> ::=

<array concatenation>
| <array primary>

<array concatenation> ::=
<array value expression 1> <concatenation operator> <array primary>

<array value expression 1> ::=
<array value expression>

<array primary> ::=
<array value function>

| <value expression primary>

Syntax Rules

1) Thedeclared type of the <array value expression> is the declared type of the immediately contained
<array concatenation> or <array primary>.

2) The declared type of <array primary> is the declared type of the immediately contained <array
value function>or <value expressionprimary>,which shall be an array type or a distinct typewhose
source type is an array type.

3) If <array concatenation> is specified, then:

a) The Syntax Rules of Subclause 9.5, “Result of data type combinations”, are applied with the
declared types of <array value expression 1> and <array primary> as DTSET; let DT be the
RESTYPE returned from the application of those Syntax Rules.

b) Let IMDC be the implementation-defined (IL008) maximum cardinality of an array type.

c) The declared type of the result of <array concatenation> is an array type whose element type
is the element type of DT and whose maximum cardinality is the lesser of IMDC and the sum
of the maximum cardinality of <array value expression 1> and the maximum cardinality of
<array primary>.

Access Rules

None.

General Rules

1) The value of the result of <array value expression> is the value of the immediately contained <array
concatenation> or <array primary>.

2) If <array concatenation> is specified, then let AV1 be the value of <array value expression 1> and
let AV2 be the value of <array primary>.
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Case:

a) If at least one of AV1 and AV2 is the null value, then the result of the <array concatenation> is
the null value.

b) If the sum of the cardinality of AV1 and the cardinality of AV2 is greater than IMDC, then an
exception condition is raised: data exception— array data, right truncation (2202F).

c) Otherwise, the result is the array comprising every element of AV1 followed by every element
of AV2.

Conformance Rules

1) Without Feature S099, “Array expressions”, conforming SQL language shall not contain an <array
value expression>.
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6.48 <array value function>

Function

Specify a function yielding a value of an array type.

Format
<array value function> ::=
<trim array function>

<trim array function> ::=
TRIM_ARRAY <left paren> <array value expression> <comma> <numeric value expression> <right
paren>

Syntax Rules

1) The declared type of the <array value function> is the declared type of the immediately contained
<trim array function>.

2) If <trim array function> is specified, then:

a) The declared type of the <numeric value expression> shall be an exact numeric type with
scale 0 (zero).

b) Thedeclared typeof the<trimarray function> is thedeclared typeof the immediately contained
<array value expression>.

Access Rules

None.

General Rules

1) The value of the <array value function> is the value of the immediately contained <trim array
function>.

2) The result of <trim array function> is determined as follows:

a) Let NV be the value of the <numeric value expression>.

b) If NV is the null value, then the result is the null value and no further General Rules of this
Subclause are applied.

c) IfNV is less than0 (zero), then an exception condition is raised:data exception—array element
error (2202E).

d) Let AV be the value of the <array value expression>.

e) If AV is the null value, then the result is the null value and no further General Rules of this
Subclause are applied.

f) Let AC be the cardinality of AV.

g) IfNV is greater than AC, then an exception condition is raised: data exception—array element
error (2202E).
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h) Let N be AC − NV.

i) Case:

i) If N = 0 (zero), then the result is an array whose cardinality is 0 (zero).

ii) Otherwise, the result is an array of N elements such that for all i, 1 (one) ≤ i ≤ N, the
value of the i-th element of the result is the value of the i-th element of AV.

Conformance Rules

1) Without Feature S404, “TRIM_ARRAY”, conforming SQL language shall not contain a <trim array
function>.
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6.49 <array value constructor>

Function

Specify construction of an array.

Format
<array value constructor> ::=

<array value constructor by enumeration>
| <array value constructor by query>

<array value constructor by enumeration> ::=
ARRAY <left bracket or trigraph> <array element list> <right bracket or trigraph>

<array element list> ::=
<array element> [ { <comma> <array element> }... ]

<array element> ::=
<value expression>

<array value constructor by query> ::=
ARRAY <table subquery>

Syntax Rules

1) The declared type of <array value constructor> is the declared type of the immediately contained
<array value constructor by enumeration> or <array value constructor by query>.

2) The SyntaxRules of Subclause 9.5, “Result of data type combinations”, are appliedwith the declared
types of the <array element>s immediately contained in the <array element list> of the <array value
constructor by enumeration> as DTSET; let DT be the RESTYPE returned from the application of
those Syntax Rules. The declared type of the <array value constructor by enumeration> is an array
type with element type DT. The maximum cardinality of the <array value constructor by enumera-
tion> is the number of <array element>s in the <array element list>, which shall not be greater than
the implementation-defined (IL008) maximum cardinality for array types whose element type is
DT.

3) If <array value constructor by query> is specified, then:

a) The <query expression> QE simply contained in the <table subquery> shall be of degree 1
(one). Let ET be the declared type of the column in the result of <query expression>.

b) The declared type of the <array value constructor by query> is array with element type ET
andmaximumcardinality equal to the implementation-defined (IL008)maximumcardinality
IMDC for such array types.

Access Rules

None.

General Rules

1) The value of <array value constructor> is the value of the immediately contained <array value
constructor by enumeration> or <array value constructor by query>.
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2) The result of <array value constructor by enumeration> is an array whose i-th element is the value
of the i-th <array element> immediately contained in the <array element list>, cast as the data type
of DT.

3) The result of <array value constructor by query> is determined as follows:

a) QE is evaluated, producing a table T. Let N be the number of rows in T.

b) If N is greater than IMDC, then an exception condition is raised: data exception— array data,
right truncation (2202F).

c) The result of <array value constructor by query> is an array of N elements such that for all i,
1 (one) ≤ i ≤ N, the value of the i-th element is the value of the only column in the i-th row of
T.

NOTE 207— The ordering of the array elements is effectively determined by the General Rules of
Subclause 7.17, “<query expression>”.

Conformance Rules

1) Without Feature S090, “Minimal array support”, conforming SQL language shall not contain an
<array value constructor by enumeration>.

2) Without Feature S095, “Array constructors by query”, conforming SQL language shall not contain
an <array value constructor by query>.
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6.50 <multiset value expression>

Function

Specify a multiset value.

Format
<multiset value expression> ::=

<multiset term>
| <multiset value expression> MULTISET UNION [ ALL | DISTINCT ] <multiset term>
| <multiset value expression> MULTISET EXCEPT [ ALL | DISTINCT ] <multiset term>

<multiset term> ::=
<multiset primary>

| <multiset term> MULTISET INTERSECT [ ALL | DISTINCT ] <multiset primary>

<multiset primary> ::=
<multiset value function>

| <value expression primary>

Syntax Rules

1) Thedeclared typeof a<multisetprimary> is thedeclared typeof the immediately contained<multiset
value function> or <value expression primary>, which shall be a multiset type or a distinct type
whose source type is a multiset type.

2) IfMI is a <multiset term> that immediately contains MULTISET INTERSECT, then let OP1 be the
first operand (the <multiset term>) and let OP2 be the second operand (the <multiset primary>).

a) OP1 and OP2 are multiset operands of a multiset element grouping operation. The Syntax
Rules and Conformance Rules of Subclause 9.13, “Multiset element grouping operations”,
apply.

b) Let ET1 be the element type of OP1 and let ET2 be the element type of OP2. The Syntax Rules
of Subclause 9.5, “Result of data type combinations”, are applied with ET1 and ET2 as DTSET;
let ET be the RESTYPE returned from the application of those Syntax Rules. The result type
of the MULTISET INTERSECT operation is multiset with element type ET.

c) If DISTINCT is specified, then let SQ be DISTINCT. Otherwise, let SQ be ALL.

d) MI is equivalent to

( CASE WHEN OP1 IS NULL OR OP2 IS NULL THEN NULL
ELSE MULTISET ( SELECT T1.V

FROM UNNEST (OP1) AS T1(V)
INTERSECT SQ
SELECT T2.V
FROM UNNEST (OP2) AS T2(V)

                     )
END )

3) IfMU is a <multiset value expression> that immediately contains MULTISET UNION, then let OP1
be the first operand (the <multiset value expression>) and let OP2 be the second operand (the
<multiset term>).
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If DISTINCT is specified, then OP1 and OP2 are multiset operands of a multiset element
grouping operation. The Syntax Rules and Conformance Rules of Subclause 9.13, “Multiset
element grouping operations”, apply.

a)

b) Let ET1 be the element type of OP1 and let ET2 be the element type of OP2. The Syntax Rules
of Subclause 9.5, “Result of data type combinations”, are applied with ET1 and ET2 as DTSET;
let ET be the RESTYPE returned from the application of those Syntax Rules. The result type
of the MULTISET UNION operation is multiset with element type ET.

c) If DISTINCT is specified, then let SQ be DISTINCT. Otherwise, let SQ be ALL.

d) MU is equivalent to

( CASE WHEN OP1 IS NULL OR OP2 IS NULL THEN NULL
ELSE MULTISET ( SELECT T1.V

FROM UNNEST (OP1) AS T1(V)
UNION SQ
SELECT T2.V
FROM UNNEST (OP2) AS T2(V)

                     )
END )

4) IfME is a <multiset value expression> that immediately contains MULTISET EXCEPT, then let OP1
be the first operand (the <multiset value expression>) and let OP2 be the second operand (the
<multiset term>).

a) OP1 and OP2 are multiset operands of a multiset element grouping operation. The Syntax
Rules and Conformance Rules of Subclause 9.13, “Multiset element grouping operations”,
apply.

b) Let ET1 be the element type of OP1 and let ET2 be the element type of OP2. The Syntax Rules
of Subclause 9.5, “Result of data type combinations”, are applied with ET1 and ET2 as DTSET;
let ET be the RESTYPE returned from the application of those Syntax Rules. The result type
of the MULTISET EXCEPT operation is multiset with element type ET.

c) If DISTINCT is specified, then let SQ be DISTINCT. Otherwise, let SQ be ALL.

d) ME is equivalent to

( CASE WHEN OP1 IS NULL OR OP2 IS NULL THEN NULL
ELSE MULTISET ( SELECT T1.V

FROM UNNEST (OP1) AS T1(V)
EXCEPT SQ
SELECT T2.V
FROM UNNEST (OP2) AS T2(V)

                     )
END )

Access Rules

None.

General Rules

1) Thevalueof a<multiset primary> is thevalueof the immediately contained<multiset value function>
or <value expression primary>.

2) The value of a <multiset term> that is a <multiset primary> is the value of the <multiset primary>.

3) The value of a <multiset value expression> that is a <multiset term> is the value of <multiset term>.
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Conformance Rules

1) Without Feature S271, “Basic multiset support”, conforming SQL language shall not contain a
<multiset value expression>.

2) Without Feature S275, “Advanced multiset support”, conforming SQL language shall not contain
MULTISET UNION, MULTISET INTERSECTION, or MULTISET EXCEPT.

NOTE 208— If MULTISET UNION DISTINCT, MULTISET INTERSECTION, or MULTISET EXCEPT is specified, then
the Conformance Rules of Subclause 9.13, “Multiset element grouping operations”, also apply.
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6.51 <multiset value function>

Function

Specify a function yielding a value of a multiset type.

Format
<multiset value function> ::=
<multiset set function>

<multiset set function> ::=
SET <left paren> <multiset value expression> <right paren>

Syntax Rules

1) LetMVE be the <multiset value expression> simply contained in <multiset set function>.MVE is a
multiset operand of a multiset element grouping operation. The Syntax Rules and Conformance
Rules of Subclause 9.13, “Multiset element grouping operations”, apply.

2) The <multiset set function> is equivalent to

( CASE WHEN MVE IS NULL THEN NULL
ELSE MULTISET ( SELECT DISTINCT M.E

FROM UNNEST (MVE) AS M(E) )
END )

Access Rules

None.

General Rules

None.

Conformance Rules

1) Without Feature S271, “Basic multiset support”, conforming SQL language shall not contain a
<multiset value function>.

NOTE 209— The Conformance Rules of Subclause 9.13, “Multiset element grouping operations”, also apply.
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6.52 <multiset value constructor>

Function

Specify construction of a multiset.

Format
<multiset value constructor> ::=

<multiset value constructor by enumeration>
| <multiset value constructor by query>
| <table value constructor by query>

<multiset value constructor by enumeration> ::=
MULTISET <left bracket or trigraph> <multiset element list> <right bracket or trigraph>

<multiset element list> ::=
<multiset element> [ { <comma> <multiset element> }... ]

<multiset element> ::=
<value expression>

<multiset value constructor by query> ::=
MULTISET <table subquery>

<table value constructor by query> ::=
TABLE <table subquery>

Syntax Rules

1) If <multiset value constructor> immediately contains a <table value constructor by query> TVCBQ,
then:

a) Let QE be the <query expression> simply contained in TVCBQ.

b) QE shall not immediately contain an <order by clause>.

c) Let n be the number of columns in the result of QE.

d) Let C1, ..., Cn be implementation-dependent (UV076) identifiers that are all distinct from one
another.

e) TVCBQ is equivalent to

MULTISET ( SELECT ROW ( C1, ..., Cn )
FROM ( QE ) AS T ( C1, ..., Cn ) )

2) Thedeclared typeof <multiset value constructor> is thedeclared typeof the immediately contained
<multiset value constructor by enumeration> or <multiset value constructor by query>.

3) The SyntaxRules of Subclause 9.5, “Result of data type combinations”, are appliedwith the declared
types of the <multiset element>s immediately contained in the <multiset element list> of the
<multiset value constructor by enumeration> as DTSET; let DT be the RESTYPE returned from the
application of those Syntax Rules. The declared type of the <multiset value constructor by enumer-
ation> is a multiset type with element type DT.

4) If <multiset value constructor by query> is specified, then:

a) The <table subquery> TS shall be of degree 1 (one).
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b) TS shall not immediately contain an <order by clause>.

c) Let ET be the declared type of the column in the result of TS.

d) The declared type of the <multiset value constructor by query> is multiset with element type
ET.

Access Rules

None.

General Rules

1) The value of <multiset value constructor> is the value of the immediately contained <multiset value
constructor by enumeration> or <multiset value constructor by query>.

2) The result of <multiset value constructor by enumeration> is a multiset whose elements are the
values of the <multiset element>s immediately contained in the <multiset element list>, cast as the
data type of DT.

3) If <multiset value constructor by query> is specified, then:

a) Let T be the value of TS. Let N be the number of rows in T.

b) The result of <multiset value constructor by query> is a multiset of N elements, with one ele-
ment for each row of T, where the value of each element is the value of the only column in the
corresponding row of T.

Conformance Rules

1) Without Feature S271, “Basic multiset support”, conforming SQL language shall not contain a
<multiset value constructor>.

2) Without FeatureT326, “Table functions”, in conformingSQL language, a <multiset value constructor>
shall not contain a <table value constructor by query>.
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7 Query expressions

This Clause is modified by Clause 7, “Query expressions”, in ISO/IEC 9075-4.
This Clause is modified by Clause 7, “Query expressions”, in ISO/IEC 9075-9.
This Clause is modified by Clause 7, “Query expressions”, in ISO/IEC 9075-14.
This Clause is modified by Clause 7, “Query expressions”, in ISO/IEC 9075-15.
This Clause is modified by Clause 7, “Query expressions”, in ISO/IEC 9075-16.

7.1 <row value constructor>

Function

Specify a value or list of values to be constructed into a row.

Format
<row value constructor> ::=

<common value expression>
| <boolean value expression>
| <explicit row value constructor>

<explicit row value constructor> ::=
<left paren> <row value constructor element> <comma>

<row value constructor element list> <right paren>
| ROW <left paren> <row value constructor element list> <right paren>
| <row subquery>

<row value constructor element list> ::=
<row value constructor element> [ { <comma> <row value constructor element> }... ]

<row value constructor element> ::=
<value expression>

<contextually typed row value constructor> ::=
<common value expression>

| <boolean value expression>
| <contextually typed value specification>
| <left paren> <contextually typed value specification> <right paren>
| <left paren> <contextually typed row value constructor element> <comma>

<contextually typed row value constructor element list> <right paren>
| ROW <left paren> <contextually typed row value constructor element list> <right paren>

<contextually typed row value constructor element list> ::=
<contextually typed row value constructor element>
    [ { <comma> <contextually typed row value constructor element> }... ]

<contextually typed row value constructor element> ::=
<value expression>

| <contextually typed value specification>

<row value constructor predicand> ::=
<common value expression>

| <boolean predicand>
| <explicit row value constructor>
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Syntax Rules

1) If a <row value constructor> is a <common value expression> or a <boolean value expression> X,
then the <row value constructor> is equivalent to

ROW ( X )

2) If a <row value constructor predicand> is a <common value expression> or a <boolean predicand>
X, then the <row value constructor predicand> is equivalent to

ROW ( X )

3) Let ERVC be an <explicit row value constructor>.

Case:

a) If ERVC simply contains a <row subquery>, then the declared type of ERVC is the declared
type of that <row subquery>.

b) Otherwise, the declared type of ERVC is a row type described by a sequence of (<field name>,
<data type>) pairs, corresponding in order to each <row value constructor element> X simply
contained in ERVC. The <data type> is the declared type of X and the <field name> is imple-
mentation-dependent (UV077).

4) If a <row value constructor> or <row value constructor predicand> RVC is an <explicit row value
constructor> ERVC, then the declared type of RVC is the declared type of ERVC.

5) Let CTRVC be the <contextually typed row value constructor>.

a) IfCTRVC is a <commonvalue expression>, <booleanvalue expression>, or<contextually typed
value specification> X, then CTRVC is equivalent to:

ROW ( X )

b) After the syntactic transformation specified in SR 5)a) has been performed, if necessary, the
declared type of CTRVC is a row type described by a sequence of (<field name>, <data type>)
pairs, corresponding in order to each <contextually typed row value constructor element> X
simply contained in CTRVC. The <data type> is the declared type of X and the <field name> is
implementation-dependent (UV078).

6) The degree of a <row value constructor>, <contextually typed row value constructor>, or <row
value constructor predicand> is the degree of its declared type.

Access Rules

None.

General Rules

1) The value of a <null specification> is the null value.

2) The value of a <default specification> is determinedaccording to theGeneral Rules of Subclause11.5,
“<default clause>”.

3) Case:

a) If a <row value constructor>, <row value constructor predicand>, or <contextually typed row
value constructor> immediately contains a <common value expression>, <boolean value

© ISO/IEC 2023 – All rights reserved 387

ISO/IEC 9075-2:2023(E)
7.1 <row value constructor>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


expression>, or <contextually typed row value constructor element> X, then the result of the
<row value constructor>, <row value constructor predicand>, or <contextually typed row
value constructor> is a row containing a single column whose value is the value of X.

b) If an <explicit row value constructor> is specified, then the result of the <row value con-
structor> or <row value constructor predicand> is a row of columns, the value of whose i-th
column is the value of the i-th <row value constructor element> simply contained in the
<explicit row value constructor>.

c) If a <contextually typed row value constructor element list> is specified, then the result of the
<contextually typed rowvalue constructor> is a rowof columns, the value ofwhose i-th column
is the value of the i-th <contextually typed rowvalue constructor element> in the <contextually
typed row value constructor element list>.

Conformance Rules

1) Without Feature T051, “Row types”, conforming SQL language shall not contain an <explicit row
value constructor> that immediately contains ROW.

2) Without Feature T051, “Row types”, conforming SQL language shall not contain a <contextually
typed row value constructor> that immediately contains ROW.

3) Without Feature F641, “Row and table constructors”, conforming SQL language shall not contain
an <explicit row value constructor> that is not simply contained in a <table value constructor> and
that contains more than one <row value constructor element>.

4) Without Feature F641, “Row and table constructors”, conforming SQL language shall not contain
an <explicit row value constructor> that is a <row subquery>.

5) Without Feature T031, “BOOLEAN data type”, conforming SQL language shall not contain a <row
value constructor predicand> that immediately contains a <boolean predicand>.

6) Without Feature F641, “Row and table constructors”, conforming SQL language shall not contain a
<contextually typed row value constructor> that is not simply contained in a <contextually typed
table value constructor> and that contains more than one <row value constructor element>.
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7.2 <row value expression>

Function

Specify a row value.

Format
<row value expression> ::=

<row value special case>
| <explicit row value constructor>

<table row value expression> ::=
<row value special case>

| <row value constructor>

<contextually typed row value expression> ::=
<row value special case>

| <contextually typed row value constructor>

<row value predicand> ::=
<row value special case>

| <row value constructor predicand>

<row value special case> ::=
<non-parenthesized value expression primary>

Syntax Rules

1) The declared type of a <row value special case> shall be a row type.

2) The declared type of a <row value expression> is the declared type of the immediately contained
<row value special case> or <explicit row value constructor>.

3) Thedeclared typeof a<table rowvalue expression> is thedeclared typeof the immediately contained
<row value special case> or <row value constructor>.

4) The declared type of a <contextually typed row value expression> is the declared type of the
immediately contained <row value special case> or <contextually typed row value constructor>.
The declared type of a <row value predicand> is the declared type of the immediately contained
<row value special case> or <row value constructor predicand>.

Access Rules

None.

General Rules

1) A <row value special case> specifies the row value denoted by the <non-parenthesized value
expression primary>.

2) A <row value expression> specifies the row value denoted by the <row value special case> or
<explicit row value constructor>.

3) A <table row value expression> specifies the row value denoted by the <row value special case>
or <row value constructor>.
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4) A <contextually typed row value expression> specifies the row value denoted by the <row value
special case> or <contextually typed row value constructor>.

5) A <row value predicand> specifies the row value denoted by the <row value special case> or <row
value constructor predicand>.

Conformance Rules

1) Without Feature T051, “Row types”, conforming SQL language shall not contain a <rowvalue special
case>.
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7.3 <table value constructor>

Function

Specify a set of <row value expression>s to be constructed into a table.

Format
<table value constructor> ::=
VALUES <row value expression list>

<row value expression list> ::=
<table row value expression> [ { <comma> <table row value expression> }... ]

<contextually typed table value constructor> ::=
VALUES <contextually typed row value expression list>

<contextually typed row value expression list> ::=
<contextually typed row value expression>
    [ { <comma> <contextually typed row value expression> }... ]

Syntax Rules

1) All <table row value expression>s immediately contained in a <row value expression list> shall be
of the same degree.

2) All <contextually typed row value expression>s immediately contained in a <contextually typed
row value expression list> shall be of the same degree.

3) Let TVC be some <table value constructor> consisting of n <table row value expression>s or some
<contextually typed table value constructor> consisting of n <contextually typed row value
expression>s. Let RVEi, 1 (one) ≤ i ≤ n, denote the i-th <table row value expression> or the i-th
<contextually typed row value expression>. The Syntax Rules of Subclause 9.5, “Result of data type
combinations”, are applied with the row types RVEi, 1 (one) ≤ i ≤ n as DTSET; let the row type of
TVC be the RESTYPE returned from the application of those Syntax Rules. The column names are
implementation-dependent (UV079).

Access Rules

None.

General Rules

1) If the result of any <table row value expression> or <contextually typed row value expression> is
the null value, then an exception condition is raised: data exception— null row not permitted in
table (2201C).

2) The result T of a <table value constructor> or <contextually typed table value constructor> TVC is
a tablewhose cardinality is the number of <table rowvalue expression>s or the number of <contex-
tually typed row value expression>s in TVC. If R is the result of n such expressions, then R occurs n
times in T.
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Conformance Rules

1) Without Feature F641, “Rowand table constructors”, in conforming SQL language, the <contextually
typed row value expression list> of a <contextually typed table value constructor> shall contain
exactly one<contextually typed rowvalue constructor>RVE.RVE shall be of the form “(<contextually
typed row value constructor element list>)”.

2) Without Feature F641, “Row and table constructors”, conforming SQL language shall not contain a
<table value constructor>.
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7.4 <table expression>

Function

Specify a table or a grouped table.

Format
<table expression> ::=
<from clause>
    [ <where clause> ]
    [ <group by clause> ]
    [ <having clause> ]
    [ <window clause> ]

Syntax Rules

1) The result of a <table expression> is a derived table whose row type is the row type of the result
of the immediately contained<fromclause>, togetherwith thewindowstructuredescriptorsdefined
by the <window clause>, if specified.

2) Let C be some column. Let TE be the <table expression>. C is an underlying column of TE if C is an
underlying column of some column reference contained in TE. C is a generally underlying column
of TE if C is a generally underlying column of some column reference contained in TE.

Access Rules

None.

General Rules

1) If all optional clauses are omitted, then the result of the <table expression> is the same as the result
of the <from clause>. Otherwise, each specified clause is applied to the result of the previously
specified clause and the result of the <table expression> is the result of the application of the last
specified clause.

Conformance Rules

None.
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7.5 <from clause>

Function

Specify a table derived from one or more tables.

Format
<from clause> ::=
FROM <table reference list>

<table reference list> ::=
<table reference> [ { <comma> <table reference> }... ]

Syntax Rules

1) Let FC be a <from clause>. Let FCT be the table specified by FC. Let TRL be the <table reference list>
immediately contained in FC.

2) No element TRi in TRL shall contain an outer reference to an element TRj, where i ≤ j.

3) If an element in TRL generally contains a <data change delta table>, then there shall be exactly one
element in TRL.

4) Case:

a) If TRL immediately contains a single <table reference> TR, then:

i) The descriptors of the columns of FCT are the same as the descriptors of the columns
of the table specified by TR.

ii) The row type of FCT is the row type of the table specified by TR.

b) Otherwise:

i) The descriptors of the columns of FCT are the same as the descriptors of the columns
of the tables specified by the <table reference>s, in the order in which the <table refer-
ence>s appear in TRL and in the order in which the columns are defined within each
table.

ii) The row type RT of FCT is determined by the sequence SCD of column descriptors of
FCT as follows:

1) Let n be the number of column descriptors in SCD. RT has n fields.

2) For i ranging from 1 (one) to n, the field name of the i-th field descriptor in RT is
the column name included in the i-th column descriptor in SCD.

3) For i ranging from1 (one) to n, the data type descriptor of the i-th field descriptor
in RT is

Case:

A) If the i-th column descriptor in SCD includes a domain name DN, then the
data type descriptor included in the descriptor of the domain identified by
DN.
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B) Otherwise, the data type descriptor included in the i-th column descriptor
in SCD.

5) Range variable RV1 is in conflict with another range variable RV2 if any of the following are true:

a) RV1 and RV2 are equivalent <correlation name>s.

b) RV1 is a <correlation name> andRV2 is a <table name> andRV1 is equivalent to the <qualified
identifier> of RV2.

c) RV1 is a <table name> and RV2 is a <correlation name> and the <qualified identifier> of RV1
is equivalent to RV2.

d) RV1 and RV2 are equivalent <table name>s.

6) Let NT be the number of <table reference>s immediately contained in TRL. Let NR0 be 0 (zero).

a) For i ranging from 1 (one) to NT:

i) Let TRi be the i-th <table reference> in TRL. LetNTRi be the number of range variables
of TRi.

ii) For j ranging from 1 (one) to NTRi, the name of the (NRi−1+j)-th range variable of FC
is same as the j-th range variable of TRi.

iii) The associated column list of (NRi−1+j)-th range variable of FC is the same as the
associated column list of the j-th range variable of TRi.

iv) The associated period list of (NRi−1+j)-th range variable of FC is the same as the asso-
ciated period list of the j-th range variable of TRi.

v) Let NRi be (NRi−1 + NTRi).

b) The number of range variables of FC is NRNT.

c) Let RV be a range variable of FC. RV shall not be in conflict with any other range variable of
FC.

d) The table associated with each of the range variables of FC is FCT.

e) The scope clause SC of FC is the <select statement: single row> or innermost <query specifica-
tion> that contains FC excluding any <row patternmeasures> or <row pattern definition list>
contained in any <window clause>.

f) The scope of a range variable of FC is the <select list>, <where clause>, <group by clause>,
<having clause>, and <window clause> of SC. If SC is the <query specification> that is the
<query expression body> of a simple table query STQ, then the scope of a range variable of
FC also includes the <order by clause> of STQ.

NOTE 210— “simple table query” is defined in Subclause 7.17, “<query expression>”.

g) Every range variable of FC is exposed by FC.

Access Rules

None.
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General Rules

1) Let TRLR be the result of TRL.

Case:

a) If TRL simply contains a single <table reference> TR, then TRLR is the result of TR.

b) IfTRL simply containsn<table reference>s,wheren>1, then letTRL-Pbe the<table reference
list> formed by taking the first n−1 elements of TRL in order, let TRL-L be the last element of
TRL, and let TRLR-P be the result of TRL-P.

Case:

i) If TRLR-P is empty, then TRLR is empty.

ii) If TRLR-P containsm rows,m ≥ 1 (one), then for every row Ri, 1 (one) ≤ i ≤m, let TRLR-
Li be the corresponding evaluation of TRL-L under all outer references contained in
TRL-L. Let SUBRi be the table containing every row formed by concatenating Riwith
some row of TRLR-Li. Every row RR in SUBRi is a row in TRLR, and the number of
occurrences of RR in TRLR is the sum of the numbers of occurrences of RR in every
occurrence of SUBRi.

The result of the <table reference list> is TRLRwith the columns reordered according to the
ordering of the descriptors of the columns of the <table reference list>.

2) The result of the <from clause> is TRLR.

Conformance Rules

None.
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7.6 <table reference>
This Subclause is modified by Subclause 7.1, “<table reference>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 7.1, “<table reference>”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 7.1, “<table reference>”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 7.1, “<table reference>”, in ISO/IEC 9075-15.
This Subclause is modified by Subclause 7.1, “<table reference>”, in ISO/IEC 9075-16.

Function

Reference a table.

Format
<table reference> ::=

<table factor>
| <joined table>

<table factor> ::=
<table primary> [ <sample clause> ]

<sample clause> ::=
TABLESAMPLE <sample method> <left paren> <sample percentage> <right paren>
    [ <repeatable clause> ]

<sample method> ::=
BERNOULLI

| SYSTEM

<repeatable clause> ::=
REPEATABLE <left paren> <repeat argument> <right paren>

<sample percentage> ::=
<numeric value expression>

<repeat argument> ::=
<numeric value expression>

14  15  16 <table primary> ::=
<table or query name>
    [ <query system time period specification> ]
    [ <correlation or recognition> ]

| <derived table> <correlation or recognition>
| <lateral derived table> <correlation or recognition>
| <collection derived table> <correlation or recognition>
| <table function derived table> <correlation or recognition>
| <PTF derived table> [ <correlation or recognition> ]
| <only spec> [ <correlation or recognition> ]
| <data change delta table> [ <correlation or recognition> ]
| <JSON table> <correlation or recognition>
| <JSON table primitive> <correlation name>
| <parenthesized joined table>

<correlation or recognition> ::=
[ AS ] <correlation name>
    [ <parenthesized derived column list> ]

| <row pattern recognition clause and name>

<query system time period specification> ::=
FOR SYSTEM_TIME AS OF <point in time 1>
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| FOR SYSTEM_TIME BETWEEN [ ASYMMETRIC | SYMMETRIC ]
<point in time 1> AND <point in time 2>

| FOR SYSTEM_TIME FROM <point in time 1> TO <point in time 2>

<point in time 1> ::=
<point in time>

<point in time 2> ::=
<point in time>

<point in time> ::=
<datetime value expression>

<only spec> ::=
ONLY <left paren> <table or query name> <right paren>

<lateral derived table> ::=
LATERAL <table subquery>

<collection derived table> ::=
UNNEST <left paren> <collection value expression>
    [ { <comma> <collection value expression> }... ] <right paren>
    [ WITH ORDINALITY ]

<table function derived table> ::=
TABLE <left paren> <collection value expression> <right paren>

<derived table> ::=
<table subquery>

<PTF derived table> ::=
TABLE <left paren> <routine invocation> <right paren>

<table or query name> ::=
<table name>

| <transition table name>
| <query name>

<derived column list> ::=
<column name list>

<column name list> ::=
<column name> [ { <comma> <column name> }... ]

<data change delta table> ::=
<result option> TABLE <left paren> <data change statement> <right paren>

<data change statement> ::=
<delete statement: searched>

| <insert statement>
| <merge statement>
| <update statement: searched>

<result option> ::=
FINAL

| NEW
| OLD

<parenthesized joined table> ::=
<left paren> <parenthesized joined table> <right paren>

| <left paren> <joined table> <right paren>

<row pattern recognition clause and name> ::=
[ [ AS ] <row pattern input name>
    [ <row pattern input derived column list> ] ]
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<row pattern recognition clause> [ [ AS ] <row pattern output name>
    [ <row pattern output derived column list> ] ]

<row pattern input name> ::=
<correlation name>

<row pattern output name> ::=
<correlation name>

<row pattern input derived column list> ::=
<parenthesized derived column list>

<row pattern output derived column list> ::=
<parenthesized derived column list>

<parenthesized derived column list> ::=
<left paren> <derived column list> <right paren>

Syntax Rules

1) The declared type of <point in time> shall be either DATE or a timestamp type.

2) The declared type of <repeat argument> shall be an exact numeric type with scale 0 (zero).

3) Let TR be a <table reference>, let TF be the <table factor> that is immediately contained in TR, and
let TP be the <table primary> that is immediately contained in TF. Let TPT be the table specified by
TP. Let TFT be the table specified by TF. Let TRT be the table specified by TR.

4) TF shall not simply contain both a <sample clause> and a <row pattern recognition clause and
name>.

5) 14 16A<table primary> that simply contains any of the following supports lateral join: <lateral derived
table>, <collection derived table>, <table function derived table>, or <JSON table>.

6) If TP simply contains a <table function derived table> TFDT, then:

a) The <collection value expression> immediately contained in TFDT shall be a <routine invoca-
tion> whose subject routine is not a polymorphic table function.

b) Let CN be the <correlation name> simply contained in TP.

c) Let CVE be the <collection value expression> simply contained in TP.

d) Case:

i) If TP specifies a <derived column list> DCL, then let TFDCL be

( DCL )

ii) Otherwise, let TFDCL be the zero-length character string.

e) TP is equivalent to the <table primary>

UNNEST ( CVE ) AS CN TFDCL

7) If TP simply contains a <PTF derived table>, then:

a) The subject routine SR of the <routine invocation> RI simply contained in TP shall be a poly-
morphic table function.

b) TF shall not simply contain a <sample clause>.

c) Let PTFDA be the PTF data area of RI. Let IRR be the initial result row descriptor in PTFDA.
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d) Case:

i) If SR specifies RETURNS ONLY PASS THROUGH, then TP shall not simply contain
<correlation or recognition>.

ii) Otherwise, TP shall contain <correlation or recognition> PTFCOR that immediately
contains a <correlation name>. Let PTFCN be that <correlation name>.

1) PTFCN shall not be equivalent to any range variable exposed by any <table argu-
ment> of RI.

2) Let NIRR be the number of SQL item descriptor areas in IRRwhose LEVEL com-
ponent is 0 (zero). Let SIDAd, 1 (one) ≤ d ≤ NIRR, be an enumeration of the SQL
item descriptors of IRRwhose LEVEL component is 0 (zero). For all d, 1 (one) ≤
d≤NIRR, letNIDAdbe theNAMEcomponentof SIDAd and letDIDAdbe thedeclared
type matched by SIDAd.

3) Case:

A) If PTFCOR contains a <derived column list> PTFDCL, then:

I) The number of <column name>s in PTFDCL shall be NIRR.

II) For all d, 1 (one) ≤ d ≤ NIRR, let NDCLd be the d-th <column name>
in PTFDCL.

III) The external result row type of TP is described by the sequence of
(NDCLd, DIDAd) pairs, for all d, 1 (one) ≤ d ≤ NIRR.

B) Otherwise, the external result row type of TP is described by the sequence
of (NIDAd, DIDAd) pairs, for all d, 1 (one) ≤ d ≤ NIRR.

4) There shall not be any duplicate column names in the external result row type
of TP.

8) 13 15 If TP simply contains a <collection derived table> CDT, then:

a) Let NCV be the number of <collection value expression>s simply contained in CDT.

b) Let CVEj, 1 (one) ≤ j ≤ NCV, be an enumeration of the <collection value expression>s simply
contained in CDT, in order from left to right.

c) Let ETj, 1 (one) ≤ j ≤ NCV, be the element type of the declared type of CVEj.

d) Let CN be the <correlation name> simply contained in TP, and let TEMP be an <identifier>
that is not equivalent to CN nor to any other <identifier> contained in TP.

e) Case:

i) If the declared type of any CVEj, 1 (one) ≤ j ≤ NCV, is a multiset, then NCV shall be 1
(one) andWITHORDINALITY shall not be specified. Let IMDC1be the implementation-
defined (IL008)maximum cardinality of an array whose declared element type is ET1.
Let C1 be

 ( CAST (CVE1 AS ET1 ARRAY[IMDC1]) )

ii) Otherwise, let Cj, 1 (one) ≤ j ≤ NCV, be CVEj.

f) Let CARDj, 1 (one) ≤ j ≤ NCV, be

400 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
7.6 <table reference>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


COALESCE( CARDINALITY( Cj ), 0 )

g) LetMCARD1 be CARD1. LetMCARDj, 2 ≤ j ≤ NCV, be

CASE
WHEN CARDj > MCARDj−1

THEN CARDj
ELSE MCARDj−1

END

h) LetMAXCARD beMCARDNCV.

i) LetNj, 1 (one) ≤ j ≤NCV, andNORD beNCV+1 <column name>s that are not equivalent to one
another nor to CN, TEMP, or any other <identifier> contained in TP.

j) Let ELT1j, 1 (one) ≤ j ≤ NCV, be

CASE
WHEN 1 <= CARDINALITY( Cj )

THEN Cj[1]
ELSE NULL

END

k) Let ELTNORDj, 1 (one) ≤ j ≤ NCV, be

CASE
WHEN NORD < CARDINALITY( Cj )

THEN Cj[NORD+1]
ELSE NULL

END

l) Let RECQP be:

WITH RECURSIVE TEMP(N1, ..., NNCV, NORD) AS
  (   SELECT ELT11 AS N1, ..., ELT1NCV AS NNCV, 1 AS NORD

FROM (VALUES(1)) AS CN
WHERE 0 < MAXCARD

UNION
SELECT ELTNORD1 AS N1, ..., ELTNORDNCV AS NNCV, NORD+1 AS NORD
FROM TEMP
WHERE NORD < MAXCARD

  )

m) Case:

i) If TP specifies a <derived column list> DCL, then:

1) For all j between 1 (one) and NCV,

Case:

A) If ETj is a row type, then let DETj be the degree of ETj.

B) Otherwise, let DETj be 1 (one).

2) Case:

A) If CDT specifies WITH ORDINALITY, then DCL shall contain DET1 + ... +
DETNCV + 1 <column name>s.
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B) Otherwise, DCL shall contain DET1 + ... + DETNCV <column name>s.

3) Let PDCLP be

 ( DCL )

ii) Otherwise,

Case:

1) If any ETj, 1 (one) ≤ j ≤ NCV, is a row type, then:

A) For each ETj that is a row type:

I) Let DET(j) be the degree of ETj.

II) Let FNj,i, 1 (one) ≤ i ≤ DET(j), be the name of the i-th field in ETj.

B) For each ETj that is not a row type, let DET(j) be 1 (one) and let FNj,1 be an
<identifier> that is not equivalent to any other <identifier> contained inTP.

C) Case:

I) If CDT specifies WITH ORDINALITY, then let PDCLP be:

 ( FN1,1, FN1,2, ..., FN1,DET(1),
   ...,

FNNCV,1, FNNCV,2, ..., FNNCV,DET(NCV), NORD
 )

II) Otherwise, let PDCLP be:

 ( FN1,1, FN1,2, ..., FN1,DET(1),
   ...,

FNNCV,1, FNNCV,2, ..., FNNCV,DET(NCV)
 )

2) Otherwise, let PDCLP be the zero-length character string.

n) If ETj, 1 (one) ≤ j ≤ NCV, is a row type, then let SLEj be (Nj).*; otherwise, let SLEj be Nj.

Case:

i) If CDT specifies WITH ORDINALITY, then let ELDT be:

LATERAL ( RECQP SELECT SLE1, ..., SLENCV, NORD
FROM TEMP ) AS CN PDCLP

The column named by NORD is called the ordinality column of CDT.

ii) Otherwise, let ELDT be:

LATERAL ( RECQP SELECT SLE1, ..., SLENCV
FROM TEMP ) AS CN PDCLP

o) TP is equivalent to the <table primary> ELDT.

9) 15 IfTP simply contains <table or query name>TOQN andTPdoes not simply contain a <PTFderived
table>, then:

a) Case:
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If TOQN is an <identifier> that is equivalent to a <query name>QN, then letWLE be the
<with list element> simply contained in the <query expression> that contains TP such

i)

that the <query name> QN1 simply contained inWLE is equivalent to QN and QN1 is
the innermost query name in scope. Let the table specified by TOQN be the result of
WLE.

NOTE 211— “query name in scope” is defined in Subclause 7.17, “<query expression>”.

ii) IfTOQN is an <identifier> that is equivalent to a <transition table name> that is in scope,
then let the table specified by TOQN be the table identified by TOQN.

NOTE 212— The scope of a <transition table name> is defined in Subclause 11.49, “<trigger defini-
tion>”.

iii) Otherwise, let the table specified by TOQN be the table T identified by the <table name>
TN simply contained in TP. The schema identified by the explicit or implicit qualifier
of TN shall include the descriptor of T.

NOTE 213— The preceding cases disambiguate whether TOQN is interpreted as a <query name>,
<transition table name>, or <table name>.

b) If TP simply contains <only spec>OS and the table specified by TOQN is not a typed table, then
OS is equivalent to TOQN.

c) If the table specified by TOQN is a system-versioned table and <query system time period
specification> is not specified, then FOR SYSTEM_TIME AS OF CURRENT_TIMESTAMP is
implicit.

d) If TP immediately contains <query system time period specification> QSTPS, then:

i) The table specified by TOQN shall be a system-versioned table.

ii) If BETWEEN is specified and neither SYMMETRIC nor ASYMMETRIC is specified, then
ASYMMETRIC is implicit.

iii) 04QSTPS shall not contain a <column reference> or an <SQL parameter reference>.

10) The table specifiedby a <lateral derived table> is the table specifiedby the simply contained<query
expression>.

11) 16 IfTP simply contains a <data change delta table>DCDT, then let S be the <data change statement>
simply contained in TP. S shall not contain FOR PORTION OF. Let TT be the subject table of S.

a) Case:

i) If S is an <insert statement>, then the <result option> shall not specify OLD.

ii) If S is a <delete statement: searched>, then the <result option> shall not specify NEW
or FINAL.

iii) If S is a <merge statement> and S does not contain either <merge update specification>
or <merge delete specification>, then the <result option> shall not specify OLD.

iv) If S is a <merge statement> and S does not contain either <merge update specification>
or <merge insert specification>, then the <result option> shall not specify NEW or
FINAL.

b) If TT is a viewed table, then:

i) The view descriptor of TT shall indicate CASCADED CHECK OPTION.

ii) If FINAL is specified, then:
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1) If either S is an <insert statement> or S is a <merge statement> that contains a
<merge insert specification>, then TT shall not be trigger insertable-into and no
target generally underlying table of TT shall be trigger insertable-into.

2) If either S is an <update statement: searched> or S is a <merge statement> that
contains a <merge update specification>, then TT shall not be trigger updatable
and no target generally underlying table of TT shall be trigger updatable.

3) If S is a <merge statement> that contains a <merge delete specification>, then TT
shall not be trigger deletable and no target generally underlying table of TT shall
be trigger deletable.

c) The table specified by DCDT is TT.

12) 15 16Let TPTI be the table specified by the <table or query name>, <derived table>, <lateral derived
table>, <PTFderived table>, <data change delta table>, <JSON table primitive>, or the <joined table>
simply contained in TP. The degree of TPT and the column descriptor of each of the columns of TPT
are determined as follows.

Case:

a) If TP simply contains a <PTF derived table>, then:

i) Let NIT be the number of table parameters of SR. For t, 1 (one) ≤ t ≤ NIT,

Case:

1) If the t-th generic table parameter of SR specifies PASS THROUGH, then let NCt
be the number of columns of the t-th <table argument> of RI.

2) Otherwise, let NCt be the number of partitioning columns of the t-th <table
argument> of RI.

ii) Case:

1) If SR specifies RETURNS ONLY PASS THROUGH, then let NPC be 0 (zero).

2) Otherwise, let NPC be the number of columns in the external result row type of
TP.

iii) The degree of TPT is the sum of NPC and the NCt, 1 (one) ≤ t ≤ NIT.

iv) The list of column descriptors of TPT is formed as the concatenation of the following
lists of column descriptors:

1) If SR does not specify RETURNS ONLY PASS THROUGH, then the column
descriptors of the external result row type of TP. These columns are the external
result columns of TP. The external result columns of TP are possibly nullable.

NOTE 214— If SR specifies RETURNS ONLY PASS THROUGH, then there is no external result
row type.

2) For each t, 1 (one) ≤ t ≤ NIT:

A) Case:

I) If the t-th generic table parameter of SR specifies PASS THROUGH,
then the list of column descriptors of the t-th <table argument> of
RI. These columns are said to be derived from the columns of the t-th
<table argument> of SR.
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II) If the t-th <table argument>ofRIhas at least onepartitioning column,
then the list of columndescriptors of the partitioning columns of the
t-th <table argument> of RI. These columns are said to be derived
from the columns of the t-th <table argument> of SR.

NOTE 215—Otherwise, the t-th input <table argument> of RI does not contri-
bute any column descriptors to the column descriptors of TP.

B) A column CX derived from the t-th <table argument> ofRI is known not null
if CX is a known not null partitioning column and the t-th <table argument>
is not co-partitioned; otherwise, CX is possibly nullable.

b) If TP is not a <parenthesized joined table>, then

Case:

i) If <row pattern recognition clause and name> RPRCAN is specified, then:

1) Let RPRC be the <row pattern recognition clause> simply contained in RPRCAN.

2) 15 16The table specified by the <table or query name>, <derived table>, <joined
table>, <lateral derived table>, <data change delta table>, or <only spec> imme-
diately contained in TP is the row pattern input table of RPRC.

3) Case:

A) If <row pattern input derived column list> RPIDCL is specified, then:

I) The number of <column name>s in RPIDCL shall be the same as the
degree of TPTI.

II) The row type of the row pattern input table of RPRC is described by
a sequence of (<field name>, <data type>) pairs, where the <field
name> in the i-th pair is the i-th <column name> in RPIDCL and the
<data type> in the i-th pair is the declared type of the i-th column of
the table specified by TPTI.

B) Otherwise, the row type of the row pattern input table of RPRC is the row
type of TPTI.

4) Case:

A) If <rowpattern input name> is specified, then letRPINbe that <rowpattern
input name>.

B) If TP specifies <table or query name>, then let RPIN be that <table or query
name>.

C) If TP specifies <only spec>, then let RPIN be the <table or query name>
simply contained in the <only spec>.

D) Otherwise, letRPINbe an implementation-dependent (UV080)<correlation
name> that is distinct from all other <correlation name>s in the <SQL pro-
cedure statement> that simply contains TP.

5) RPIN is a range variable of RPRCAN. RPIN is exposed by RPRCAN. The scope of
RPIN is the <row pattern partition by> and <row pattern order by> simply con-
tained in RPRC. RPIN references the row pattern input table of RPRC. The associ-
ated column list of RPIN is the list of columns in the row type of the row pattern
input table. The associated period list of RPIN is empty. RPIN is the row pattern
input name of the row pattern input table of RPRC.
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6) Case:

A) If <row pattern output derived column list> RPODCL is specified, then:

I) The number of <column name>s in RPODCL shall be the same as the
degree of the row pattern output table of RPRC.

II) The row type RT of TR is described by a sequence of (<field name>,
<data type>) pairs, where the <field name> in the i-th pair is the i-th
<columnname> inRPODCL and the <data type> in the i-th pair is the
declared type of the i-th column of the row pattern output table of
RPRC.

B) Otherwise, the row type RT of TR is the row type of the row pattern output
table of RPRC.

7) IfRPRCANdoesnot containa<rowpatternoutputname>, thenan implementation-
dependent (UV081) <correlation name> distinct from all other <correlation
name>s in the <SQL procedure statement> that simply contains TP is implicit.
The explicit or implicit <row pattern output name> RPON references the row
pattern output table of RPRC. The associated column list of RPON is the list of
columns in the row type of the row pattern output table. The associated period
list of RPON is empty.

ii) Otherwise:

1) If a <derived column list> DCL is specified, then:

A) No <column name> shall be specified more than once in DCL.

B) The number of <column name>s in DCL shall be the same as the degree of
TPTI.

2) The degree of TPT is same as the degree of TPTI.

3) The column name included in the descriptor of i-th column of TPT is

Case:

A) If a <derived column list> DCL is specified, then the i-th <column name> in
DCL.

B) Otherwise, the column name included in the descriptor of i-th column of
TPTI.

4) The data type included in the descriptor of the i-th column of TPT is the declared
type of the i-th column of TPTI.

c) Otherwise, the degree of TPT and the column descriptor of each of the columns of TPT are
same as degree and the column descriptors of each of the columns of TPTI.

13) The row type of <table primary>TP is describedby a sequence of (<field name>, <data type>) pairs,
where the <field name> and <data type> in the i-th pair are the column name and the data type,
respectively, included in the descriptor of the i-th column of TPT.

14) Case:

a) If TR immediately contains a <table factor> TF, then the degree and the column descriptors
of the table specified by TF and TR are the same as the degree and the column descriptors of
of the table specified by the <table primary> TP immediately contained in TF. The row type
of TF and TR is the same as the row type of TP.
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b) Otherwise, the degree and the column descriptors of the table specified by TR are the same
as the degree and the column descriptors of the table specified by <joined table> JT. The row
type of TR is the same as the row type of JT.

15) Case:

a) If TP simply contains a <PTF derived table>, then the names of the range variables of TP are
the names of the range variables of the <table argument>s of TP and, if SR does not specify
RETURNS ONLY PASS THROUGH, PTFCN. The range variables of TP are exposed by TP. The
table associated with each of the range variables of TP is TPT. The period list associated with
each of the range variables of TP is empty. The column list associated with each of the range
variables of TP is

Case:

i) If RV is PTFCN, then the external result columns of TP.

ii) If RV is a range variable of a <table argument> of TP, then the list of columns derived
from that <table argument> that are in the associated column list of RV as a range
variable of the <table argument>.

NOTE 216— Each <table argument> exposes one or more range variables. In the Syntax Rules of
Subclause 9.18, “Invoking an SQL-invoked routine”, each of these range variables has an associated
column list ACL, which is used to resolve <column reference>s in the <table argument partitioning>
and<table argument ordering>. If the<table argument>haspass-through columns, then every column
in ACL is a column of TP that is derived from the <table argument>; otherwise, only the partitioning
columns in ACL are columns of TP. Thus, it is possible that the associated column list of RV as a range
variable of TP is a subset (possibly empty) of the associated column list of RV as a range variable of
a <table argument>.

b) If TP is not a <parenthesized joined table>, then:

i) Case:

1) If TP simply contains <row pattern recognition clause and name> RPRCAN, then
let RV be the <correlation name> that is the implicit or explicit <row pattern
output name>.

2) If TP simply contains a <correlation name>, then let RV be that <correlation
name>.

3) Otherwise, let RV be the <table or query name> simply contained in TP.

ii) RV is a range variable of TP. RV is exposed by TP. The table associated with RV is TPT.

iii) The associated column list of RV is the list consisting of every column of TPT.

iv) Case:

1) If TP immediately contains a <table or query name> that immediately contains
a <table name> that identifies a table whose table descriptor includes a period
descriptor and TP does not simply contain a <row pattern recognition clause>,
then the associated period list of RV is the list consisting of the name of every
period included in the descriptor of TPT.

2) Otherwise, the associated period list of RV is empty.
NOTE 217— “range variable”, “table associated with a range variable”, “associated column list of a
range variable”, and “associated period list of a range variable” are defined in Subclause 4.17.11,
“Range variables”.

c) Otherwise, TP has the same number of range variables as the number of range variables of
the simply contained <joined table> JT. The names of range variables of TP are the same as
the names of range variables of JT. The table associated with each of the range variables of TP
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is TPT. The associated column list of each of the range variables of TP is the same as the
associated column list of the corresponding range variable of JT. The associated period list of
each of the range variables of TP is empty. Every range variable of TP is exposed by TP.

16) TF has the same number of range variables as the number of range variables of the immediately
contained <table primary> TP. The names of range variables of TF are the same as the names of
range variables of TP. The table associated with each of the range variables of TF is TFT. The asso-
ciated column list of each of the range variables of TF is the same as the associated column list of
the corresponding range variable of TP. The associated period list of each of the range variables of
TF is the same as the associated period list of the corresponding range variable of TP. Every range
variable of TF is exposed by TF.

17) Case:

a) IfTR immediately contains a <table factor>TF, thenTRhas the samenumber of range variables
as the number of range variables of TF. The names of range variables of TR are the same as
the names of range variables of TF. The table associated with each of the range variables of
TR is TRT. The associated column list of each of the range variables of TR is the same as the
associated column list of the corresponding range variable of TF. The associated period list
of eachof the range variables ofTR is the sameas the associatedperiod list of the corresponding
range variable of TF. Every range variable of TR is exposed by TR.

b) Otherwise, TR has the same number of range variables as the number of range variables of
the immediately contained <joined table> JT. The names of range variables of TR are the same
as the names of range variables of JT. The table associated with each of the range variables of
TR is TRT. The associated column list of each of the range variables of TR is the same as the
associated column list of the corresponding range variable of JT. The associated period list of
each of the range variables of TR is empty. Every range variable of TR is exposed by TR.

18) Range variables of TP have no scope.

19) Case:

a) If TF is simply contained in a <joined table> JT, then the scope of every range variable of TF
is the <join condition> of JT.

b) Otherwise, range variables of TF have no scope.

20) Case:

a) If TR is simply contained in a <from clause> FC, then the scope of the range variables of TR is
every <table primary> that supports lateral join and that is simply contained in FC and is
preceded by TR, and the <join condition> of all <joined table>s contained in FC that contain
TR.

b) Otherwise,TR is simply contained in a <merge statement>MS. The scope of the range variable
of TR is the <search condition>s, <set clause list>s, and <merge insert value list>s ofMS, but
excluding the <row pattern measures> and <row pattern definition list> contained in any
<window clause>.

NOTE 218— Subclause 14.12, “<merge statement>”, does not allow TR to directly contain a <joined table>.

21) Case:

a) 14 16 If <table primary> specifies <collection derived table>, <table function derived table>,
<JSON table>, <JSON table primitive>, <data change delta table>, or <row pattern recognition
clause and name>, then the <table primary> is not generally updatable, not simply updatable,
not effectively updatable, and not insertable-into.

b) Otherwise:
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i) A <derived table> or <lateral derived table> is a generally updatable derived table if
the <query expression> simply contained in the <derived table> or <lateral derived
table> is generally updatable.

ii) A <derived table> or <lateral derived table> is a simply updatable derived table if the
<query expression> simply contained in the <derived table> or <lateral derived table>
is simply updatable.

iii) A <derived table> or <lateral derived table> is an effectively updatable derived table if
the <query expression> simply contained in the <derived table> or <lateral derived
table> is effectively updatable.

iv) A <derived table> or <lateral derived table> is an insertable-into derived table if the
<query expression> simply contained in the <derived table> or <lateral derived table>
is insertable-into.

22) 14 If a <table reference> TR immediately contains a <table factor> TF, then

Case:

a) If TF simply contains a <table name> that identifies a base table, then every column of the
table identified by TF is called an updatable column of TR.

b) If TF simply contains a <table name> that identifies a view, then every updatable column of
the view identified by TF is called an updatable column of TR.

c) IfTF simply contains a <derived table>or <lateral derived table>, then everyupdatable column
of the table identified by the <query expression> simply contained in <derived table> or
<lateral derived table> is called an updatable column of TR.

Access Rules

1) If a <table primary> TP simply contains a <table or query name> that simply contains a <table
name> TN, then:

a) Let T be the table identified by TN.

b) Case:

i) If TN is contained in a <search condition> immediately contained in an <assertion
definition> or a <check constraint definition>, then the applicable privileges for the
<authorization identifier> that owns the containing schema shall includeREFERENCES
on at least one column of T.

ii) Otherwise:

1) Case:

A) If TP is contained, without an intervening <SQL routine spec> that specifies
SQLSECURITY INVOKER, in an<SQLschemastatement>, then theapplicable
privileges of the<authorization identifier> that owns the containing schema
shall include SELECT on at least one column of T.

B) Otherwise, the currentprivileges shall includeSELECTonat least one column
of T.

2) If TP simply contains <only spec> and TN identifies a typed table, then

Case:

© ISO/IEC 2023 – All rights reserved 409

ISO/IEC 9075-2:2023(E)
7.6 <table reference>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


A) If TP is contained, without an intervening <SQL routine spec> that specifies
SQLSECURITY INVOKER, in an<SQLschemastatement>, then theapplicable
privileges for the<authorization identifier> that owns the containing schema
shall include SELECTWITHHIERARCHYOPTIONon at least one supertable
of T.

B) Otherwise, the current privileges shall include SELECTWITH HIERARCHY
OPTION on at least one supertable of T.

2) If the <table primary>TP simply contains a <data changedelta table>, then let Sbe the<data change
statement> simply contained in TR. Let TT be the subject table of S.

Case:

a) If TP is contained, without an intervening <SQL routine spec> that specifies SQL SECURITY
INVOKER, in an <SQL schema statement>, then the applicable privileges of the <authorization
identifier> that owns the containing schema shall include SELECT on at least one column of
TT.

b) Otherwise, the current privileges shall include SELECT on at least one column of TT.

General Rules

1) If a <table primary> TP simply contains a <row pattern recognition clause and name> RPRCAN,
then:

a) Let TP1 be the <table primary> that is obtained from TP by substituting

AS X

for RPRCAN in TP.
NOTE 219— The choice of X as the <correlation name> for the row pattern input table is meaningless; the
row pattern input name and the row type of the row pattern input table are determined by the Syntax Rules.

b) TP1 is evaluated according to the remaining General Rules of this Subclause.

c) The value of TP1 is the row pattern input table of the <row pattern recognition clause>, with
row type as determined by the Syntax Rules.

d) The value ofTP is the rowpattern output table that is the value of the <rowpattern recognition
clause>, using the value of TP1 as the row pattern input table.

e) The remaining General Rules of this Subclause are not evaluated for TP.

2) If a <table primary> TP simply contains a <table or query name> TOQN, then

Case:

a) If TOQN simply contains a <query name> QN, then the result of TP is the table specified by
QN.

b) If TOQN simply contains a <transition table name> TTN, then the result of TP is the table
specified by TTN.

NOTE 220— The table identified by a <transition table name> is a transition table as defined by the General
Rules of Subclause 15.8, “Effect of deleting rows from base tables”, Subclause 15.11, “Effect of inserting tables
into base tables”, or Subclause 15.14, “Effect of replacing rows in base tables”, as appropriate.

c) Otherwise, let T be the table specified by the <table name> simply contained in TP.

Case:
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i) 09 If ONLY is specified, then the result of TP is a table that consists of every row in T,
except those rows that have a subrow in a proper subtable of T.

ii) Otherwise,

Case:

1) If T is a system-versioned table, then:

A) Let SVS be the implicit or explicit <query system time period specification>,
let SSTARTCOLbe the system-timeperiod start columnofT and let SENDCOL
be the system-time period end column of T. Let DT be the declared type of
SSTARTCOL.

B) If SVS specifies FOR SYSTEM_TIME AS OF, then let POTV1 be the value of
<point in time 1>. Let POT1 be the result of CAST (POTV1 AS DT).

C) If SVS specifiesFORSYSTEM_TIMEBETWEENorFORSYSTEM_TIMEFROM,
then let POTV1 be the value of <point in time 1> and let POTV2 be the value
of <point in time 2>.

Case:

I) If SYMMETRIC is specified and POTV1 > POTV2, then let POT1 be the
result of CAST (POTV2 AS DT) and let POT2 be the result of CAST
(POTV1 AS DT).

II) Otherwise, let POT1 be the result of CAST (POTV1 AS DT) and let
POT2 be the result of CAST (POTV2 AS DT).

D) Case:

I) If SVS specifies FOR SYSTEM_TIME AS OF, then the result of TP is a
table that consists of every row R of T for which the result of
(SSTARTCOL <= POT1 AND SENDCOL > POT1) is True.

II) If SVS specifies FOR SYSTEM_TIME BETWEEN, then the result of TP
is a table that consists of every row R of T for which the result of
(POT1 <= POT2 AND SENDCOL > POT1 AND SSTARTCOL <= POT2) is
True.

III) If SVS specifies FOR SYSTEM_TIME FROM, then the result of TP is a
table that consists of every row R of T for which the result of (POT1
< POT2 AND SENDCOL > POT1 AND SSTARTCOL < POT2) is True.

2) Otherwise, the result of TP is a table that consists of every row of T.

3) 14 If a <derived table>or <lateral derived table> LDT simply containing <query expression> QE is
specified, then the result of LDT is the result of QE.

4) If a <PTF derived table> PTFDT is specified, then:

a) Let PAL be the pre-compilation argument list of RI.
NOTE 221— For compilation, any arguments that were not compile-time constants were replaced by the
null value in the Syntax Rules of Subclause 9.18, “Invoking an SQL-invoked routine”. For execution it is
necessary to go back to the pre-compilation argument list so that values known only during execution can be
computed.

b) The General Rules of Subclause 9.25, “Execution of an invocation of a polymorphic table
function”, are appliedwithRI asROUTINE INVOCATION, SR asPOLYMORPHICTABLEFUNCTION,
PAL as ARGUMENT LIST, PTFDA as PTF DATA AREA, and the row type of TP as RESULT TYPE;
let RESTAB be the RESULT TABLE returned from the application of those General Rules.
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c) The result of PTFDT is RESTAB.

5) If a <data change delta table>DCDT is specified, then let S be the <data change statement> immedi-
ately contained in DCDT and let TT be the subject table of S.

a) If FINAL is specified, then:

i) If the subject table restriction flag of the current SQL-session context is False, then it
is set to True.

ii) The <table name> of TT is added to the restricted subject table name list included in
the current SQL-session context.

b) Case:

i) If S is a <delete statement: searched>, then the result of DCDT is the old delta table of
delete operation on TT.

NOTE 222— “old delta table of delete operation” is defined in Subclause 14.9, “<delete statement:
searched>”.

ii) If S is an <insert statement>, then the result of DCDT is the new delta table of insert
operation on TT.

NOTE 223— “new delta table of insert operation” is defined in Subclause 15.11, “Effect of inserting
tables into base tables”, and Subclause 15.13, “Effect of inserting a table into a viewed table”.

iii) If S is a <merge statement>, then

Case:

1) If OLD is specified, then the result ofDCDT is the old delta table ofmerge operation
on TT.

NOTE 224— “old delta table of merge operation” is defined in Subclause 14.12, “<merge
statement>”.

2) Otherwise, the result of DCDT is the new delta table of merge operation on TT.
NOTE 225— “new delta table of merge operation” is defined in Subclause 14.12, “<merge
statement>”.

iv) If S is an <update statement: searched>, then

Case:

1) If OLD is specified, then the result ofDCDT is the olddelta table of update operation
on TT.

NOTE 226— “old delta table of update operation” is defined in Subclause 14.14, “<update
statement: searched>”.

2) Otherwise, the result of DCDT is the new delta table of update operation on TT.
NOTE 227— “new delta table of update operation” is defined in Subclause 15.14, “Effect of
replacing rows in base tables”, and Subclause 15.16, “Effect of replacing some rows in a viewed
table”.

c) If FINAL is specified, then:

i) The <table name> ofTT is removed from the restricted subject table name list included
in the current SQL-session context.

ii) If the restricted subject table name list included in the current SQL-session context is
empty, then the subject table restriction flag of the current SQL-session context is set
to False.
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d) All old delta tables and all new delta tables in the most recent statement execution context
are destroyed.

6) 16 If TP immediately contains a <joined table>, then the result of TP is the result of that <joined
table>.

7) 15 Let TP be the <table primary> immediately contained in a <table factor> TF. Let RT be the result
of TP.

Case:

a) If <sample clause> is specified, then:

i) Let N be the number of rows in RT and let S be the value of <sample percentage>.

ii) If S is the null value or if S < 0 (zero) or if S > 100, then an exception condition is raised:
data exception— invalid sample size (2202H).

iii) If <repeatable clause> is specified, then let RPT be the value of <repeat argument>. If
RPT is the null value, then an exception condition is raised: data exception— invalid
repeat argument in a sample clause (2202G).

iv) Case:

1) If <samplemethod> specifiesBERNOULLI, then the result ofTF is a table contain-
ing approximately (N*S/100) rows of RT. The probability of a row of RT being
included in result of TF is S/100. Further, whether a given row of RT is included
in result of TF is independent of whether other rows of RT are included in result
of TF.

2) Otherwise, result of TF is a table containing approximately (N*S/100) rows of
RT. The probability of a row of RT being included in result of TF is S/100.

v) IfTF contains outer references, then a tablewith identical rows is generated every time
TF is evaluated with a given set of values for outer references.

NOTE 228— “outer reference” is defined in Subclause 6.7, “<column reference>”.

b) Otherwise, result of TF is RT.

8) The result of a <table reference> TR is the result of the immediately contained <table factor> or
<joined table>.

Conformance Rules

1) Without Feature R010, “Row pattern recognition: FROM clause”, in conforming SQL language, a
<correlation or recognition> shall not contain a <row pattern recognition clause>.

2) 15Without at least one of:

a) Feature S090, “Minimal array support”

b) Feature S271, “Basic multiset support”

conforming SQL language shall not contain a <collection derived table>.

3) Without Feature T491, “LATERAL derived table”, conforming SQL language shall not contain a
<lateral derived table>.

4) WithoutFeatureT121, “WITH(excludingRECURSIVE) inqueryexpression”, conformingSQL language
shall not contain a <query name>.
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5) Without Feature S111, “ONLY in query expressions”, conforming SQL language shall not contain a
<table reference> that contains an <only spec>.

6) Without Feature F591, “Derived tables”, conforming SQL language shall not contain a <derived
table>.

7) Without Feature T326, “Table functions”, conforming SQL language shall not contain a <table
function derived table>.

8) Without Feature T613, “Sampling”, conforming SQL language shall not contain a <sample clause>.

9) Without Feature T200, “Trigger DDL”, conforming SQL language shall not contain a <transition
table name>.

10) Without Feature S301, “Enhanced UNNEST”, in conforming SQL language, a <collection derived
table> shall not simply contain more than one <collection value expression>.

11) Without Feature T495, “Combined data change and retrieval”, conforming SQL language shall not
contain <data change delta table>.

12) Without Feature T180, “System-versioned tables”, conforming SQL language shall not contain
<query system time period specification>.

13) 14 15 16Without Feature B200, “Polymorphic table functions”, conforming SQL language shall not
contain <PTF derived table>.
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7.7 <row pattern recognition clause>

Function

Match row patterns.

Format
<row pattern recognition clause> ::=
MATCH_RECOGNIZE <left paren>
    [ <row pattern partition by> ]
    [ <row pattern order by> ]
    [ <row pattern measures> ]
    [ <row pattern rows per match> ]

<row pattern common syntax>
<right paren>

<row pattern partition by> ::=
PARTITION BY <row pattern partition list>

<row pattern partition list> ::=
<row pattern partition column> [ { <comma> <row pattern partition column> }... ]

<row pattern partition column> ::=
<column reference> [ <collate clause> ]

<row pattern order by> ::=
ORDER BY <sort specification list>

<row pattern rows per match> ::=
ONE ROW PER MATCH

| ALL ROWS PER MATCH [ <row pattern empty match handling> ]

<row pattern empty match handling> ::=
SHOW EMPTY MATCHES

| OMIT EMPTY MATCHES
| WITH UNMATCHED ROWS

Syntax Rules

1) Let RPRC be the <row pattern recognition clause>.

2) LetTEbe the table identifiedby the <table or queryname>, <derived table>, <lateral derived table>,
<collectionderived table>, <table functionderived table>, <only spec>, or <data changedelta table>
of the <table primary> that contains RPRC. TE is the row pattern input table of RPRC.

3) Case:

a) If <row pattern partition by> RPPB is specified, then:

i) LetNPbe thenumberof <rowpatternpartition column>s contained in the<rowpattern
partition list> contained in RPBB.

ii) For each <row pattern partition column> RPPCi, 1 (one) ≤ i ≤ NP:

1) The<columnreference>RPPCRi contained inRPPCi shall unambiguously reference
a column of TE. The column PCi referenced in RPPCi is a row pattern partitioning
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columnofRPRC. Each rowpatternpartitioning column is anoperandof a grouping
operation, and the Syntax Rules of Subclause 9.12, “Grouping operations”, apply.

2) Case:

A) If <collate clause> is specified, then let CS be the collation identified by
<collation name>. The declared type of PCi shall be character string. The
declared type of RPPCi is that of PCi, except that CS is the declared type col-
lation and the collation derivation is explicit.

B) Otherwise, the declared type of RPPCi is the declared type of PCi.

iii) Let PCS be the ordered set of row pattern partitioning columns RPPCi, 1 (one) ≤ i ≤NP.

b) Otherwise, let PCS be the empty set.

4) Case:

a) If <row pattern order by> RPOB is specified, then:

i) LetNS be the number of <sort specification>s contained in the <sort specification list>
contained in RPOB.

ii) For each<sort specification>RPOCi, 1 (one)≤ i≤NS,RPOCi is an operandof an ordering
operation. The Syntax Rules of Subclause 9.14, “Ordering operations”, apply.

iii) For all i, 1 (one) ≤ i ≤ NS, the <value expression> simply contained in RPOCi shall be a
<column reference> that references a column of the row pattern input table.

iv) Let OCS be the ordered set of <sort specification>s RPOCi, 1 (one) ≤ i ≤ NS.

b) Otherwise, let OCS be the empty set.

5) If <row pattern rows per match> is not specified, then ONE ROW PER MATCH is implicit.

6) If ALL ROWS PER MATCH is specified and <row pattern empty match handling> is not specified,
then SHOW EMPTY MATCHES is implicit.

7) Case:

a) If <row pattern partition by> is specified, then let TEM be a table whose column descriptors
are the column descriptors of the row pattern partitioning columns of RPRC, in the order in
which they are listed in the <row pattern partition by>.

b) Otherwise, let TEM be a table with no column descriptors.

8) If ALL ROWS PER MATCH is specified, and <row pattern order by> is specified, then column
descriptors of the columnsofTE that are referencedby the<sort specification>s of the<rowpattern
order by> are appended to TEM in the order of specification in <row pattern order by>.

9) If <row pattern measures> RPM is specified, then the Syntax Rules of Subclause 7.8, “<row pattern
measures>”, specify the creationof rowpatternmeasure columns. Thedescriptors of the rowpattern
measure columns are appended to the column descriptors in TEM in their order of specification.

10) If ALL ROWS PER MATCH is specified, then column descriptors of any columns of TE that are not
already included in TEM are appended to TEM in the order in which they occur in TE.

11) TEM is the rowpattern output table ofRPRC. LetDTEMbe the degree ofTEM.DTEM shall be positive.
NOTE 229— This implies that, if ONE ROW PER MATCH is specified or implicit, then either <row pattern partition
by> or <row pattern measures> must be specified.
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Access Rules

None.

General Rules

1) Case:

a) If <row pattern partition by> RPPB is specified, then for each row R of TE, the row pattern
partition of R is the collection of rows for which the values of PCS are not distinct from the
values of PCS in R.

b) Otherwise, the row pattern partition of R is is the collection of rows in TE.

2) Let NRPP be the number of distinct row pattern partitions. Let RPPi, 1 (one) ≤ i ≤ NRPP, be an enu-
meration of the distinct row pattern partitions.

3) Case:

a) If <row pattern order by> RPOB is specified, then the order of rows in each RPPi, 1 (one) ≤ i
≤ NRPP, is determined by the General Rules of Subclause 10.10, “<sort specification list>”,
using the <sort specification list> simply contained in RPOB.

b) Otherwise, the order of rows in each RPPi, 1 (one) ≤ i ≤ NRPP, is implementation-dependent
(US032).

4) Let RPCS be the <row pattern common syntax>. Let RP be the <row pattern> simply contained in
RPCS, letRPDL be the <rowpattern definition list> simply contained inRPCS, letRPSUB be the <row
pattern subset clause> implied by RPCS by adding the universal row pattern variable, and let RPST
be the <row pattern skip to> simply contained in RPCS.

5) For each i, 1 (one) ≤ i ≤ NRPP, the General Rules of Subclause 9.41, “Row pattern recognition in a
sequence of rows”, are applied with RPPi as ROW SEQUENCE, RP as PATTERN, RPSUB as SUBSETS,
and RPDL as DEFINES; let SOM be the SET OF MATCHES returned from the application of those
General Rules and let SRPMi be SOM.

6) For each rowpattern partitionRPPi, let the preferred rowpatternmatches be ordered by increasing
initial row number, so that the preferred row pattern matches form the sequence SRPMi = { (STR1,
RPPi, k1), (STR2, RPPi, k2), ... }, where k1 < k2 < ...

NOTE 230— Two preferred row pattern matches cannot have the same initial row because preferment is a total
ordering.

7) Let Vcount be the variable count function, as defined in Subclause 9.41, “Row pattern recognition
in a sequence of rows”.

8) For all i, 1 (one) ≤ i ≤ NRPP, the set of retained row pattern matches RRPMi is defined as follows:
initially, RRPMi is empty. The following iterative steps progressively remove preferred row pattern
matches from SRPMi and place some of them in RRPMi, until SRPMi is empty.

a) The first element (STRa, RPPi, ka) remaining in SRPMi is removed and placed in RRPMi.

b) Case:

i) If RPST specifies SKIP TO NEXT ROW, or if Vcount(STRa) = 0 (zero), then no additional
matches are removed from SRPMi.
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ii) If RPST specifies SKIP PAST LAST ROW, then every preferred row patternmatch (STRb,
RPPi, kb) such that kb < ka + Vcount(STRa) is removed from SRPMi.

NOTE 231— These are the preferred row pattern matches that overlap the rows mapped by (STRa,
RPPi, ka). These preferred row pattern matches are not placed in RRPMi.

iii) If RPST specifies SKIP TO FIRST <row pattern skip to variable name> or specifies or
implies SKIP TO LAST <row pattern skip to variable name>, then let RPV be the row
pattern variable identified by the <row pattern skip to variable name>. Let { c1, ..., cu }
be the collection of subscripts c such that Rc is mapped to RPV.

Case:

1) If the collection of subscripts is empty, then an exception condition is raised: data
exception— skip to non-existent row (2202K).

2) If SKIP TO FIRST is specified, then let t be the minimum of c1, ..., cu.

Case:

A) If t = ka, then an exception condition is raised: data exception— skip to first
row of match (2202L).

B) Otherwise, every preferred row patternmatch (STRb, RPPi, kb) such that kb
< t is removed from SRPMi.

3) Otherwise, SKIP TO LAST is specified. Let t be the maximum of c1, ..., cu.

Case:

A) If t = ka, then an exception condition is raised: data exception— skip to first
row of match (2202L).

B) Otherwise, every preferred row patternmatch (STRb, RPPi, kb) such that kb
< t is removed from SRPMi.

9) For all i, 1 (one) ≤ i ≤NRPP, retained row patternmatches in RRPMi are ordered in increasing order
by the initial row number.

10) Let RRPM be the set union of all RRPMi, 1 (one) ≤ i ≤ NRPP.

11) The row pattern output table RPROT is assembled as follows.

Case:

a) If ONE ROW PER MATCH is specified, then one row is created for each retained row pattern
match (STR, RPPi, k), as follows:

i) The value of each rowpatternpartitioning columnofRPROT is a value that is not distinct
from the value of the row pattern partitioning column in every row of RPPi.

ii) The value of each row pattern measure column of RPROT is the value of the <value
expression> that is the <row patternmeasure expression> of the row patternmeasure
column, evaluated for (STR, RPPi, k).

b) Otherwise, ALL ROWS PER MATCH is specified.

i) Each row of the row pattern input table is provided with amatched indicator, initially
set to False.
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ii) For each retained row pattern match (STR, RPPi, k)

Case:

1) If Vcount(STR) = 0 (zero) and either WITH UNMATCHED ROWS is specified or
SHOW EMPTY MATCHES is specified or implicit, then the matched indicator of
row Rk is set to True and one row of RPROT is created as follows:

A) The value of each column Cwhose column descriptor is equivalent to a
column descriptor of the row pattern input table is the value of C in row Rk.

B) The value of each row patternmeasure column RPMC of RPROT is the value
of the <value expression> that is the <row pattern measure expression> of
RPMC, evaluated for (STR, RPPi, k).

NOTE232—Any<set function specification>swill be evaluatedwithanemptyargument
source; thus COUNT is 0 (zero) and other aggregates produce a null value. Any <row
patternnavigation operation>s (including anyordinary rowpattern column references)
evaluate to the null value. <match number function> returns thematch number of (STR,
RPPi, k), and <classifier function> returns null.

NOTE 233— If Vcount(STR) = 0 (zero) and OMIT EMPTY MATCHES is specified, then
no row is created.

2) If Vcount(STR) > 0 (zero), then for each row R that is mapped by (STR, RPPi, k):

A) The matched indicator of R is set to True.

B) Case:

I) If R is mapped to a row pattern variable that is between matching
special symbols “[” and “]”, then no row is created for R.

NOTE 234—The special symbols “[” and “]” correspond to <left braceminus>
and <right minus brace> (“{-” and “-}”, respectively) in row patterns in SQL
language.

II) Otherwise, a row of RPROT is created, as follows:

1) The value of each column Cwhose column descriptor is equi-
valent to a column descriptor of the row pattern input table is
the value of C in row R.

2) The value of each rowpatternmeasure columnRPMCofRPROT
is the value of the <value expression> that is the <row pattern
measure expression>ofRPMC, evaluated for (STR,RPPi, k)with
R as the current row.

iii) IfWITHUNMATCHEDROWS is specified, then for each rowRwhosematched indicator
is False, a row of RPROT is created, as follows:

1) The value of each column Cwhose column descriptor is equivalent to a column
descriptor of the row pattern input table is the value of C in row R.

2) The value of each row pattern measure column is null.

12) The row pattern output table is the result of RPRC.

Conformance Rules

1) Without Feature R010, “Row pattern recognition: FROM clause”, conforming SQL language shall
not contain a <row pattern recognition clause>.
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7.8 <row pattern measures>

Function

Specify the measure columns of a row pattern.

Format
<row pattern measures> ::=
MEASURES <row pattern measure list>

<row pattern measure list> ::=
<row pattern measure definition> [ { <comma> <row pattern measure definition> }... ]

<row pattern measure definition> ::=
<row pattern measure expression> AS <measure name>

<row pattern measure expression> ::=
<value expression>

Syntax Rules

1) <row pattern measures>shall not contain a <row pattern common syntax>.

2) <row pattern measures> shall not contain a <column reference> that is an outer reference.

3) <row pattern measures> shall not contain a <subquery> that contains a row pattern variable.

4) If <row pattern measures> is contained in <row pattern recognition clause>, then the row pattern
measure columns of the row pattern output table are defined as follows. Let NM be the number of
<rowpatternmeasure definition>s contained in <rowpatternmeasure list>. For each <rowpattern
measure definition> RPMCi, 1 (one) ≤ i ≤ NM:

a) Let RPMEi be the <row pattern measure expression> simply contained in RPMCi.

b) Let CNi be the <measure name> simply contained in RPMCi.

c) Let RPMCDi be the column descriptor of a column Ci, determined as follows:

i) The declared type of Ci is the declared type of RPMEi.

ii) The data type descriptor included inRPMCDi is the data type descriptor of the declared
type of Ci. The column name included in RPMCDi is <measure name>.

iii) Ci is called a row pattern measure column. RPMEi is the definition of Ci. RPMEi is said
to define the row pattern measure column Ci. The descriptor of Ci is RPMCDi.

Access Rules

None.

General Rules

None.
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Conformance Rules

1) Without at least one of Feature R010, “Row pattern recognition: FROM clause”, or Feature R020,
“Row pattern recognition: WINDOW clause”, conforming SQL language shall not contain a <row
pattern measures>.
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7.9 <row pattern common syntax>

Function

Specify syntax that is common to row patterns in <table reference> and in <window clause>.

Format
<row pattern common syntax> ::=
[ AFTER MATCH <row pattern skip to> ]
    [ <row pattern initial or seek> ]

PATTERN <left paren> <row pattern> <right paren>
    [ <row pattern subset clause> ]

DEFINE <row pattern definition list>

<row pattern skip to> ::=
SKIP TO NEXT ROW

| SKIP PAST LAST ROW
| SKIP TO FIRST <row pattern skip to variable name>
| SKIP TO LAST <row pattern skip to variable name>
| SKIP TO <row pattern skip to variable name>

<row pattern skip to variable name> ::=
<row pattern variable name>

<row pattern initial or seek> ::=
INITIAL

| SEEK

<row pattern> ::=
<row pattern term>

| <row pattern alternation>

<row pattern alternation> ::=
<row pattern> <vertical bar> <row pattern term>

<row pattern term> ::=
<row pattern factor>

| <row pattern term> <row pattern factor>

<row pattern factor> ::=
<row pattern primary> [ <row pattern quantifier> ]

<row pattern quantifier> ::=
<asterisk> [ <question mark> ]

| <plus sign> [ <question mark> ]
| <question mark> [ <question mark> ]
| <left brace> [ <unsigned integer> ] <comma> [ <unsigned integer> ] <right brace>

    [ <question mark> ]
| <left brace> <unsigned integer> <right brace>

<row pattern primary> ::=
<row pattern primary variable name>

| <dollar sign>
| <circumflex>
| <left paren> [ <row pattern> ] <right paren>
| <left brace minus> <row pattern> <right minus brace>
| <row pattern permute>

<row pattern primary variable name> ::=
<row pattern variable name>
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<row pattern permute> ::=
PERMUTE <left paren> <row pattern> [ { <comma> <row pattern> }... ] <right paren>

<row pattern subset clause> ::=
SUBSET <row pattern subset list>

<row pattern subset list> ::=
<row pattern subset item> [ { <comma> <row pattern subset item> }... ]

<row pattern subset item> ::=
<row pattern subset item variable name> <equals operator>

<left paren> <row pattern subset rhs> <right paren>

<row pattern subset item variable name> ::=
<row pattern variable name>

<row pattern subset rhs> ::=
<row pattern subset rhs variable name>
    [ { <comma> <row pattern subset rhs variable name> }... ]

<row pattern subset rhs variable name> ::=
<row pattern variable name>

<row pattern definition list> ::=
<row pattern definition> [ { <comma> <row pattern definition> }... ]

<row pattern definition> ::=
<row pattern definition variable name> AS <row pattern definition search condition>

<row pattern definition variable name> ::=
<row pattern variable name>

<row pattern definition search condition> ::=
<search condition>

Syntax Rules

1) Let RPCS be the <row pattern common syntax>.

2) RPCS shall not contain a <row pattern common syntax>.

3) Case:

a) If RPCS is contained in a <row pattern recognition clause> RPRC, then <row pattern initial or
seek> shall not be specified. Let RPM be the <row pattern measures> contained in RPRC, if
any.

b) If RPCS is contained in a <window clause>WC, then:

i) Let RPM be the <row pattern measures> contained inWC, if any.

ii) If <row pattern initial or seek> is not specified, then INITIAL is implicit.

4) Let RP be the <row pattern>. Let RPS be the <row pattern subset clause>. Let NV be the number of
distinct <row pattern variable name>s simply contained in RP and RPS. These <correlation name>s
are called row pattern variables. A row pattern variable is a range variable. Let the distinct row
pattern variables be PVi, 1 (one) ≤ i ≤ NV, in any order.

5) The scopeof a rowpattern variableRPV is the <rowpattern recognition clause>or <windowclause>
that simply contains the <row pattern> or <row pattern subset rhs> in which RPV is declared.

6) The associated column list of a rowpattern variableRPV comprises every columnof the rowpattern
input table. The associated period list of RPV is empty.
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7) A rowpattern variable identifiedby a<rowpatternprimary variable name> is a primary rowpattern
variable.

8) A row pattern variable identified by a <row pattern subset item variable name> is a union row
pattern variable.

9) A row pattern variable shall not be both a primary row pattern variable and a union row pattern
variable.

10) Each <row pattern definition variable name> shall identify a primary row pattern variable.

11) Each <row pattern subset rhs variable name> shall identify a primary row pattern variable.

12) No two <row pattern definition variable name>s shall be equivalent.

13) A <rowpattern definition search condition> shall not contain a <column reference> that is an outer
reference.

14) A <row pattern definition search condition> shall not contain a <subquery> that contains a row
pattern variable.

15) No two <row pattern subset item variable name>s shall be equivalent.

16) If SRPV is a union row pattern variable, then let RPSI be the <row pattern subset item>whose <row
pattern subset item variable name> is equivalent to SRPV. Let RHS be the <row pattern subset rhs>
of RPSI. Every primary row pattern variable that is equivalent to a <row pattern subset rhs variable
name> is a component of SRPV.

17) IfRPV is a primary rowpattern variable that is not identifiedby any <rowpattern definition variable
name>, then the following <row pattern definition> is implicit:

RPV AS TRUE

18) Let NPR be the number of distinct primary row pattern variables. Let PRPVi, 1 (one) ≤ i ≤ NPR, be
an enumeration of the primary row pattern variables. Let URPV be an implementation-dependent
(UV082) row pattern variable that is distinct from all range variables in the <SQL procedure state-
ment> that simply contains RPRC. The following <row pattern subset item> is implicit:

URPV = (PRPV1, ..., PRPVNPR)

URPV is the universal row pattern variable of RPRC, and every primary row pattern variable is a
component of URPV.

19) If RP contains a <row pattern quantifier>, then

Case:

a) <asterisk> <questionmark> is equivalent to <left brace> 0 <comma><right brace> <question
mark> and the final <question mark> is not further transformed by another application of
this rule.

b) <asterisk> is equivalent to <left brace> 0 <comma> <right brace>.

c) <plus sign><questionmark> is equivalent to <left brace>1<comma><right brace><question
mark> and the final <question mark> is not further transformed by another application of
this rule.

d) <plus sign> is equivalent to <left brace> 1 <comma> <right brace>.

e) <left brace><comma><right brace><questionmark> is equivalent to <left brace>0<comma>
<right brace> <question mark> and the final <question mark> is not further transformed by
another application of this rule.
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f) <left brace> <comma> UI <right brace> <questionmark>, where UI is an <unsigned integer>,
is equivalent to <left brace> 0 <comma> UI <right brace> <question mark> and the final
<question mark> is not further transformed by another application of this rule.

g) <left brace> <comma> <right brace> is equivalent to <left brace> 0 <comma> <right brace>.

h) <left brace> <comma> UI <right brace>, where UI is an <unsigned integer>, is equivalent to
<left brace> 0 <comma> UI <right brace>.

i) <left brace> UI <right brace>, where UI is an <unsigned integer>, is equivalent to <left brace>
UI <comma> UI <right brace>.

j) <question mark> <question mark> is equivalent to <left brace> 0 <comma> 1 <right brace>
<question mark> and the final <question mark> is not further transformed by another
application of this rule.

k) <question mark> is equivalent to <left brace> 0 <comma> 1 <right brace>.

20) If <left brace> <unsigned integer> <comma> <unsigned integer> <right brace> is specified, then
let VUI1 and VUI2 be the values of the first and second <unsigned integer>s, respectively. VUI1 shall
be less than or equal to VUI2, and VUI2 shall be greater than 0 (zero).

21) IfRP contains a <rowpattern permute>RPPERM, then letNPERM be the number of <rowpattern>s
simply contained in RPPERM. Let SCRPi, 1 (one) ≤ i ≤ NPERM, be these <row pattern>s simply con-
tained in RPPERM.

Let Z be the set of positive integers { 1 (one), ..., NPERM }. Let PZ be the set of permutations of Z
(that is, the functions from Z to Z that are bijections).

NOTE 235— A function p:Z → Z is a bijection if, for all a, b in Z, a ≠ b, then p(a) ≠ p(b), and for all a in Z, there exists
b in Z such that p(b) = a.

There areNPERM! (NPERM factorial, the product of all positive integers less thanor equal toNPERM)
different permutations in PZ.

PZ is ordered lexicographically as follows: for any p, q in PZ, p precedes q if there exists some c in
Z such that for all a < c, p(a) = q(a) and p(c) < q(c).

For h between 1 (one) and NPERM!, let q be the h-th element of PZ in the lexicographic ordering of
PZ, and let PSCRPh be the <row pattern>

( SCRPq(1) SCRPq(2) ... SCRPq(NPERM) )

RP is equivalent to the <row pattern> obtained by replacing RPPERM by

( PSCRP1 | PSCRP2 | ... | PSCRPNPERM! )

22) If RPRC specifies ALL ROWSPERMATCHWITHUNMATCHEDROWS, then a <rowpattern primary>
shall not contain a <left brace minus> or <right minus brace>.

23) Case:

a) If <rowpattern skip to> is not specified, then AFTERMATCH SKIP PAST LASTROW is implicit.

b) If SKIP TO <row pattern skip to variable name> is specified, then let RPSTVN be that <row
pattern skip to variable name>; the <row pattern skip to> is equivalent to

SKIP TO LAST RPSTVN
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Access Rules

None.

General Rules

None.

Conformance Rules

1) Without at least one of Feature R010, “Row pattern recognition: FROM clause”, or Feature R020,
“Rowpattern recognition:WINDOWclause”, conformingSQL language shall not contain<rowpattern
common syntax>.
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7.10 <joined table>

Function

Specify a table derived from a Cartesian product, inner join, or outer join.

Format
<joined table> ::=

<cross join>
| <qualified join>
| <natural join>

<cross join> ::=
<table reference> CROSS JOIN <table factor>

<qualified join> ::=
{ <table reference> | <partitioned join table> }
    [ <join type> ] JOIN
    { <table reference> | <partitioned join table> }

<join specification>

<partitioned join table> ::=
<table factor> PARTITION BY

<partitioned join column reference list>

<partitioned join column reference list> ::=
<left paren> <partitioned join column reference>
    [ { <comma> <partitioned join column reference> }... ]

<right paren>

<partitioned join column reference> ::=
<column reference>

<natural join> ::=
{ <table reference> | <partitioned join table> }

NATURAL [ <join type> ] JOIN
    { <table factor> | <partitioned join table> }

<join specification> ::=
<join condition>

| <named columns join>

<join condition> ::=
ON <search condition>

<named columns join> ::=
USING <left paren> <join column list> <right paren> [ AS <join correlation name> ]

<join correlation name> ::=
<correlation name>

<join type> ::=
INNER

| <outer join type> [ OUTER ]

<outer join type> ::=
LEFT

| RIGHT
| FULL
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<join column list> ::=
<column name list>

Syntax Rules

1) Let JT be a <joined table>. Let JTT be the table specified by JT.

2) JT shall not generally contain a <data change delta table>.

3) Let TRA be the <table reference> or <table factor> that is the first operand of JT, and let TRB be the
<table reference> or <table factor> that is the second operand of JT. Let RTA and RTB be the tables
specified by TRA and TRB, respectively. Let CP be:

SELECT *
FROM TRA, TRB

4) If TRB contains a <lateral derived table> containing an outer reference that references TRA, then
<join type> shall not contain RIGHT or FULL.

5) If a <qualified join> or <natural join> is specified and a <join type> is not specified, then INNER is
implicit.

6) If a <qualified join> containing a <join condition> is specified and a <value expression> directly
contained in the <search condition> is a <set function specification>, then JT shall be contained in
a <having clause> or <select list>, the <set function specification> shall contain an aggregated
argument AA that contains an outer reference, and every column reference contained in AA shall
be an outer reference.

NOTE 236— “outer reference” is defined in Subclause 6.7, “<column reference>”.

7) The <search condition> shall not contain a <window function> without an intervening <query
expression>.

8) If neitherNATURAL is specifiednor a<join specification> immediately containing a<namedcolumns
join> is specified, then the degree and the descriptors of the columns of JTT are the same as the
degree and the descriptors of the columns, respectively, of CP, with the possible exception of the
nullability characteristics of the columns. The row type of JT is the same as the row type of CP.

9) If a <partitioned join table> PJT is specified, then:

a) The <qualified join> or <natural join> shall specify an <outer join type>.

b) Each <partitioned join column reference> shall uniquely reference a column of the table spe-
cifiedby the<table primary> simply contained inPJT. Such a column is called a join partitioning
column.

c) If the first operand of the <qualified join> or <natural join> is a <partitioned join table>, then
the <outer join type> shall be RIGHT or FULL.

d) If the second operand of the <qualified join> or <natural join> is a <partitioned join table>,
then the <outer join type> shall be LEFT or FULL, and TRB shall not contain a <lateral derived
table> containing an outer reference that references TRA.

10) If NATURAL is specified or if a <join specification> immediately containing a <named columns join>
is specified, then:

a) Case:

i) If JT simply contains a <join correlation name> JCV, then let RV be JCV. RV shall not be
equivalent to any range variable of the outermost <query specification> containing JT
or to any range variable of TRA or TRB.
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ii) Otherwise, let RV be an implementation-dependent (UV083) <correlation name> that
is not equivalent to any rangevariableof theoutermost<query specification>containing
JT or to any range variable of TRA or TRB.

b) If NATURAL is specified, then let common columnnamebe a <columnname> that is equivalent
to the <column name> of exactly one column of RTA and the <column name> of exactly one
column of RTB. RTA shall not have any duplicate common column names and RTB shall not
have anyduplicate commoncolumnnames. Let corresponding join columns refer to all columns
of RTA and RTB that have common column names, if any.

c) If a <named columns join> is specified, then every <column name> in the <join column list>
shall be equivalent to the <column name> of exactly one column of RTA and the <column
name>of exactly one columnsofRTB. Let common columnnamebe thenameof such a column.
Let corresponding join columns refer to the columns identified in the <join column list>.

d) A corresponding join column shall not be a join partitioning column.

e) Let CA and CB be a pair of corresponding join columns of RTA and RTB, respectively. CA and
CB shall be comparable.CA andCB are operands of an equality operation, and the SyntaxRules
and Conformance Rules of Subclause 9.11, “Equality operations”, apply.

f) If there is at least one corresponding join column, then:

i) Let N be the number of corresponding join columns.

ii) For each i, 1 (one) ≤ i ≤ N, let CJCNi be the i-th common column name, taken in order
of their ordinal positions inRTA. LetRVAibe the range variable ofTRAwhose associated
columnname list includesCJCNi. LetRVBibe the range variable ofTRBwhose associated
column list includes CJCNi.

iii) Let SLCC be a <select list> of <derived column>s of the form

COALESCE ( RVAi.CJCNi, RVBi.CJCNi ) AS CJCNi

for every i, 1 (one) ≤ i ≤ N, in ascending order.

iv) For each i, 1 (one) ≤ i ≤ N, CJCNi is removed from the associated column name list of
both RVAi and RVBi.

g) If RTA contains at least one column that is not a corresponding join column, then:

i) Let NCA be the number of columns of RTA that are not corresponding join columns.

ii) For each j, 1 (one) ≤ j ≤ NCA, let CAj be the name of the j-th column that is not a corres-
ponding join column, taken in order of their ordinal positions in RTA. Let RVCAj be the
range variable of TRAwhose associated column name list includes CAj.

iii) Let SLTA be a <select list> of <derived column>s of the form

RVCAj.CAj

for every j, 1 (one) ≤ j ≤ NCA, in ascending order.

h) If RTB contains at least one column that is not a corresponding join column, then:

i) Let NCB be the number of columns of RTB that are not corresponding join columns.

ii) For each k, 1 (one) ≤ k ≤ NCB, let CBk be the name of the k-th column that is not a cor-
responding join column, taken in order of their ordinal positions in RTB. Let RVCBk be
the range variable of TRBwhose associated column name list includes CBk.
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iii) Let SLTB be a <select list> of <derived column>s of the form

RVCBk.CBk

for every k, 1 (one) ≤ k ≤ NCB, in ascending order.

i) Let the <select list> SL be defined as

Case:

i) If all of the columns of RTA and RTB are corresponding join columns, then let SL be
“SLCC”.

ii) If RTA contains no corresponding join columns and RTB contains no corresponding
join columns, then let SL be “SLTA, SLTB”.

iii) IfRTA contains no columnsother than corresponding join columns, then let SLbe “SLCC,
SLTB”.

iv) IfRTB contains no columnsother than corresponding join columns, then let SLbe “SLCC,
SLTA”.

v) Otherwise, let SL be “SLCC, SLTA, SLTB”.

j) The descriptors of the columns of the result of JT, with the possible exception of the nullability
characteristics of the columns, are the same as the descriptors of the columns of the result of

SELECT SL FROM TRA, TRB

11) Let NA be the number of range variables of TRA. Let NB be the number of range variables of TRB.

a) Case:

i) If NATURAL is specified or if a <join specification> immediately containing a <named
columns join> is specified, then:

1) The number of range variables of JT is the sum of NA, NB, and 1 (one).

2) The name of the i-th range variable of JT, 1 (one)≤ i≤NA, is same as the i-th range
variable of TRA. The name of the (NA + i)-th range variable of JT, 1 (one) ≤ i ≤NB,
is same as the i-th range variable of TRB. The name of the (NA+NB+1)-th range
variable is RV.

3) Let NC be the number of corresponding join columns. For i, 1 (one) ≤ i ≤ NC, let
CJCibe the i-th columnof JT. Let CJCLbe the list of columns formedby CJCi, 1 (one)
≤ i ≤ NC, in ascending order.

4) The associated column list of the i-th range variable of JT, 1 (one)≤ i≤NA, is same
as the associated column list of the i-th range variable of TRA. The associated
column list of the (NA + i)-th range variable of JT, 1 (one) ≤ i ≤ NB, is the same as
the associated column list of the i-th range variable of TRB. The column list
associated with the (NA+NB+1)-th range variable is CJCL.

NOTE 237—Corresponding join columns have previously been removed from the associated
column lists of the range variables of both TRA and TRB.

ii) Otherwise:

1) The number of range variables of JT is the sum of NA and NB.
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2) The name of i-th range variable of JT, 1 (one) ≤ i ≤ NA, is same as the i-th range
variable of TRA. The name of the (NA + i)-th range variable of JT, 1 (one) ≤ i ≤NB,
is same as the i-th range variable of TRB.

3) The associated column list of the i-th range variable of JT, 1 (one)≤ i≤NA, is same
as the associated column list of the i-th range variable of TRA. The associated
column list of the (NA + i)-th range variable of JT, 1 (one) ≤ i ≤ NB, is same as the
associated column list of the i-th range variable of TRB.

b) The associated period list of each of the range variables of JT is empty.

c) The table associated with each of the range variables of JT is JTT.

d) The range variables of JT have no scope.

e) Every range variable of JT is exposed by JT.

12) The declared type of the rows of JT is the row type RT defined by the sequence of (<field name>,
<data type>) pairs indicated by the sequence of column descriptors of JT taken in order.

13) A column CR of the result of the <joined table> is readily known not null if and only if all of the fol-
lowing are true:

a) The <joined table> does not simply contain an <outer join type>.

b) The <joined table> does not simply contain NATURAL.

c) The <joined table> does not simply contain a <partitioned join table>.

d) CR is a column reference that references a column that is readily known not null.

14) A column CR of the result of the <joined table> is known not null if and only if at least one of the
following is true:

a) CR is readily known not null.

b) If the SQL-implementation supports FeatureT101, “Enhancednullability determination”, then
CR is not possibly nullable according to the following:

i) For every column CR of the result of the <joined table> that corresponds to a field CA
of RTA that is not a corresponding join column or a join partitioning column, CR is
possibly nullable if and only if exactly one of the following is true:

1) RIGHT or FULL is specified.

2) INNER, LEFT, or CROSS JOIN is specified or implicit and CA is possibly nullable.

ii) For every column CR of the result of the <joined table> that corresponds to a field CB
of RTB that is not a corresponding join column or a join partitioning column, CR is
possibly nullable if and only if exactly one of the following is true:

1) LEFT or FULL is specified.

2) INNER, RIGHT, or CROSS JOIN is specified or implicit and CB is possibly nullable.

iii) For every column CR of the result of the <joined table> that corresponds to a corres-
ponding join columnCAofRTA anda corresponding join columnCBofRTB,CR ispossibly
nullable if and only if exactly one of the following is true:

1) LEFT or FULL is specified and CA is possibly nullable, or

2) RIGHT or FULL is specified and CB is possibly nullable.
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iv) A column CR of the result of the <joined table> that corresponds to a join partitioning
column JPC is possibly nullable if JPC is possibly nullable.

c) CR conforms to an implementation-defined (IA217) rule that correctly infers that the value
of CR cannot be null.

Access Rules

1) If there is at least one common column name, then for each i, 1 (one) ≤ i ≤ N:

a) If the range variable RVAi is associated with a base table or a viewed table TA, then

Case:

i) If the <joined table> is contained in a <search condition> immediately contained in an
<assertiondefinition>or a <check constraint definition>, then the applicable privileges
for the <authorization identifier> that owns the containing schema shall include REF-
ERENCES on the column of TA that is identified by CJCNi.

ii) If the <joined table> is contained, without an intervening <SQL routine spec> that
specifies SQL SECURITY INVOKER, in an <SQL schema statement>, then the applicable
privileges of the <authorization identifier> that owns the containing schema shall
include SELECT on the column of TA that is identified by CJCNi.

iii) Otherwise, the current privileges shall include SELECT on the column of TA that is
identified by CJCNi.

b) If the range variable RVBi is associated with a base table or a viewed table TB, then

Case:

i) If the <joined table> is contained in a <search condition> immediately contained in an
<assertiondefinition>or a <check constraint definition>, then the applicable privileges
for the <authorization identifier> that owns the containing schema shall include REF-
ERENCES on the column of TB that is identified by CJCNi.

ii) If the <joined table> is contained, without an intervening <SQL routine spec> that
specifies SQL SECURITY INVOKER, in an <SQL schema statement>, then the applicable
privileges of the <authorization identifier> that owns the containing schema shall
include SELECT on the column of TB that is identified by CJCNi.

iii) Otherwise, the current privileges shall include SELECT on the column of TB that is
identified by CJCNi.

General Rules

1) Case:

a) If a <cross join> is specified, then let T be CP.

b) If a <join condition> is specified, then let SC be the <search condition> and let T be

CP
WHERE SC

c) If NATURAL is specified or <named columns join> is specified, then

Case:
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i) If there are corresponding join columns, then let T be

CP
WHERE RVA1.CJCN1 = RVB1.CJCN1

AND ...
AND RVAN.CJCNN = RVBN.CJCNN

ii) Otherwise, let T be CP.

2) Let TR be the result of evaluating T, let DA and DB be the degrees of TRA and TRB, respectively, and
let TVA be the result of evaluating TRA. Let TN be an effective name for T.

3) If LEFT is specified and the second operand does not specify <partitioned join table>, then:

a) Let PA be the collection of rows of TVA for which there exists some row R in TR and some row
RA in TVA such that the values of the first DA fields of R are identical to the values of the cor-
responding fields of RA.

b) Let UA be those rows of TVA that are not in PA.

c) Let XA be UA extended on the right with DB columns containing the null value.

d) Let XNA be an effective distinct name for XA.

4) If RIGHT or FULL is specified or if LEFT is specified and the second operand specifies <partitioned
join table>, then:

a) Let TVB be the result of evaluating TRB.
NOTE 238— It follows from the Syntax Rules that TRB does not contain a <lateral derived table> containing
an outer reference that references TRA. This ensures that it is possible to evaluate TRB in isolation.

b) Case:

i) If the first operand specifies <partitioned join table>, then

Case:

1) If TVA is empty, then let NA be 0 (zero).

2) Otherwise, TVA is partitioned into the minimum numbers of partitions such that
for each join partitioning column JPC of each partition, no two values of JPC are
distinct. If the declared type of a join partitioning column is a user-defined type
and the comparison of that column results in Unknown for two rows of TVA, then
the assignmentof those rows topartitions is implementation-dependent (UA052).
Let NA be the number of partitions. Let GA1, ..., GANA be an enumeration of the
partitions.

ii) Otherwise, let NA be 1 (one), and let GA1 be TVA.

c) Case:

i) If the second operand specifies <partitioned join table>, then

Case:

1) If TVB is empty, then let NB be 0 (zero).

2) Otherwise, TVB is partitioned into theminimum numbers of partitions such that
for each join partitioning column JPC of each partition, no two values of JPC are
distinct. If the declared type of a join partitioning column is a user-defined type
and the comparison of that column results inUnknown for two rows of TVB, then
the assignmentof those rows topartitions is implementation-dependent (UA052).
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Let NB be the number of partitions. Let GB1, ..., GBNB be an enumeration of the
partitions.

ii) Otherwise, let NB be 1 (one), and let GB1 be TVB.

d) For each i between 1 (one) and NA, and for each j between 1 (one) and NB, let PAi, j be the
collection of rows RA of GAi for which there exists a row RB in GBj such that the concatenation
of RA and RB is in TR.

e) For each i between 1 (one) and NA, and for each j between 1 (one) and NB, let PBi, j be the
collection of rows RB of GBj for which there exists a row RA in GAi such that the concatenation
of RA and RB is in TR.

f) For each i between 1 (one) and NA, and for each j between 1 (one) and NB, let UAi, j be the
collection of rows of GAi that are not in PAi, j.

g) For each i between 1 (one) and NA, and for each j between 1 (one) and NB, let UBi, j be the
collection of rows of GBj that are not in PBi, j.

h) For each i between 1 (one) and NA, and for each j between 1 (one) and NB, let XAi, j be UAi, j
extendedon the rightwithDB columns,with declared types and values determined as follows.
For each k between 1 (one) andDB, the declared type of the (DA + k)-th column is the declared
type of the k-th column of TVB, and the value is

Case:

i) If the k-th column of TVB is a join partitioning column, then the common value of the
k-th column of GBj.

ii) Otherwise, the null value.

i) For each i between 1 (one) and NA, and for each j between 1 (one) and NB, let XBi, j be UBi, j
extended on the left with DA columns, with declared types and values determined as follows.
For each k between 1 (one) and DA, the declared type of the k-th column is the declared type
of the k-th column of TVA, and the value is

Case:

i) If the k-th column of TVA is a join partitioning column, then the common value of the
k-th column of GAi.

ii) Otherwise, the null value.

j) Let XA be the collection of all rows in XAi, j for all i between 1 (one) and NA and all j between
1 (one) and NB.

NOTE 239— If NA is 0 (zero), then XA is empty.

k) Let XB be the collection of all rows in XBi, j, for all i between 1 (one) and NA and all j between
1 (one) and NB.

NOTE 240— If NB is 0 (zero), then XB is empty.

l) Let XNA be an effective distinct name for XA and let XNB be an effective distinct name for XB.

5) Case:

a) If INNER or <cross join> is specified, then let S be TR.

b) If LEFT is specified, then let S be the result of:
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SELECT *
FROM TN
UNION ALL
SELECT *
FROM XNA

c) If RIGHT is specified, then let S be the result of:

SELECT *
FROM TN
UNION ALL
SELECT *
FROM XNB

d) If FULL is specified, then let S be the result of:

SELECT *
FROM TN
UNION ALL
SELECT *
FROM XNA
UNION ALL
SELECT *
FROM XNB

6) Let SN be an effective name of S.

Case:

a) If NATURAL is specified or a <named columns join> is specified, then:

i) Let CSi be a distinct name for the i-th column of S. Column CSi of S corresponds to the
i-th field of RTA if i is less than or equal to DA. Column CSj of S corresponds to the
(j−DA)-th field of RTB for j greater than DA.

ii) If there is at least one corresponding join column, then let SLCC be a <select list> of
derived columns of the form

COALESCE (CSi, CSj)

for every pair of columns CSi and CSj, where CSi and CSj correspond to fields of RTA and
RTB that are a pair of corresponding join columns.

iii) If RTA contains one or more fields that are not corresponding join columns, then let
SLTA be a <select list> of the form:

CSi

for every column CSi of S that corresponds to a field of RTA that is not a corresponding
join column, taken in order of their ordinal position in S.

iv) If RTB contains one or more fields that are not corresponding join columns, then let
SLTB be a <select list> of the form:

CSj

for every column CSj of S that corresponds to a field of RTB that is not a corresponding
join column, taken in order of their ordinal position in S.

v) Let the <select list> SL be defined as

Case:
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1) If all the fields of RTA and RTB are corresponding join columns, then let SL be

SLCC

2) IfRTA containsno corresponding join columnsandRTB containsno corresponding
join columns, then let SL be

SLTA, SLTB

3) If RTA contains no fields other than corresponding join columns, then let SL be

SLCC, SLTB

4) If RTB contains no fields other than corresponding join columns, then let SL be

SLCC, SLTA

5) Otherwise, let SL be

SLCC, SLTA, SLTB

vi) The result of the <joined table> is the result of:

SELECT SL
FROM SN

b) Otherwise, the result of the <joined table> is S.

Conformance Rules

1) Without Feature F407, “CROSS JOIN”, conforming SQL language shall not contain a <cross join>.

2) Without Feature F405, “NATURAL JOIN”, conforming SQL language shall not contain a <natural
join>.

3) Without Feature F406, “FULL OUTER JOIN”, conforming SQL language shall not contain an <outer
join type> that immediately contains FULL.

4) Without Feature F402, “Named column joins for LOBs, arrays, and multisets”, conforming SQL lan-
guage shall not contain a <joined table> that simply contains either <natural join> or <named
columns join> in which, if C is a corresponding join column, the declared type of C is LOB-ordered,
array-ordered, or multiset-ordered.

NOTE241—IfC is a corresponding join column, then theConformanceRules of Subclause9.11, “Equality operations”,
also apply.

5) Without Feature F403, “Partitioned join tables”, conforming SQL language shall not contain <parti-
tioned join table>.

6) Without Feature F404, “Range variable for commoncolumnnames”, conforming SQL language shall
not contain a <named columns join> that simply contains a <correlation name>.
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7.11 <JSON table>

Function

Query a JSON text and present it as a relational table.

Format
<JSON table> ::=
JSON_TABLE <left paren>

<JSON API common syntax>
<JSON table columns clause>

    [ <JSON table plan clause> ]
    [ <JSON table error behavior> ON ERROR ]
<right paren>

<JSON table columns clause> ::=
COLUMNS <left paren>

<JSON table column definition> [ { <comma> <JSON table column definition> }... ]
<right paren>

<JSON table column definition> ::=
<JSON table ordinality column definition>

| <JSON table regular column definition>
| <JSON table formatted column definition>
| <JSON table nested columns>

<JSON table ordinality column definition> ::=
<column name> FOR ORDINALITY

<JSON table regular column definition> ::=
<column name> <data type>
    [ PATH <JSON table column path specification> ]
    [ <JSON table column empty behavior> ON EMPTY ]
    [ <JSON table column error behavior> ON ERROR ]

<JSON table column empty behavior> ::=
ERROR

| NULL
| DEFAULT <value expression>

<JSON table column error behavior> ::=
ERROR

| NULL
| DEFAULT <value expression>

<JSON table column path specification> ::=
<JSON path specification>

<JSON table formatted column definition> ::=
<column name> <data type>
    [ FORMAT <JSON representation> ]
    [ PATH <JSON table column path specification> ]
    [ <JSON table formatted column wrapper behavior> WRAPPER ]
    [ <JSON table formatted column quotes behavior> QUOTES [ ON SCALAR STRING ] ]
    [ <JSON table formatted column empty behavior> ON EMPTY ]
    [ <JSON table formatted column error behavior> ON ERROR ]

<JSON table formatted column wrapper behavior> ::=
WITHOUT [ ARRAY ]

| WITH [ CONDITIONAL | UNCONDITIONAL ] [ ARRAY ]
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<JSON table formatted column quotes behavior> ::=
KEEP

| OMIT

<JSON table formatted column empty behavior> ::=
ERROR

| NULL
| EMPTY ARRAY
| EMPTY OBJECT

<JSON table formatted column error behavior> ::=
ERROR

| NULL
| EMPTY ARRAY
| EMPTY OBJECT

<JSON table nested columns> ::=
NESTED [ PATH ] <JSON table nested path specification>
    [ AS <JSON table nested path name> ]
<JSON table columns clause>

<JSON table nested path specification> ::=
<JSON path specification>

<JSON table nested path name> ::=
<JSON table path name>

<JSON table path name> ::=
<identifier>

<JSON table plan clause> ::=
<JSON table specific plan>

| <JSON table default plan>

<JSON table specific plan> ::=
PLAN <left paren> <JSON table plan> <right paren>

<JSON table plan> ::=
<JSON table path name>

| <JSON table plan parent/child>
| <JSON table plan sibling>

<JSON table plan parent/child> ::=
<JSON table plan outer>

| <JSON table plan inner>

<JSON table plan outer> ::=
<JSON table path name> OUTER <JSON table plan primary>

<JSON table plan inner> ::=
<JSON table path name> INNER <JSON table plan primary>

<JSON table plan sibling> ::=
<JSON table plan union>

| <JSON table plan cross>

<JSON table plan union> ::=
<JSON table plan primary> UNION <JSON table plan primary>
    [ { UNION <JSON table plan primary> }... ]

<JSON table plan cross> ::=
<JSON table plan primary> CROSS <JSON table plan primary>
    [ { CROSS <JSON table plan primary> }... ]

<JSON table plan primary> ::=
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<JSON table path name>
| <left paren> <JSON table plan> <right paren>

<JSON table default plan> ::=
PLAN DEFAULT <left paren>

<JSON table default plan choices> <right paren>

<JSON table default plan choices> ::=
<JSON table default plan inner/outer>
    [ <comma> <JSON table default plan union/cross> ]

| <JSON table default plan union/cross>
    [ <comma> <JSON table default plan inner/outer> ]

<JSON table default plan inner/outer> ::=
INNER | OUTER

<JSON table default plan union/cross> ::=
UNION | CROSS

<JSON table error behavior> ::=
ERROR

| EMPTY

<JSON table primitive> ::=
JSON_TABLE_PRIMITIVE <left paren>

<JSON API common syntax>
<JSON table primitive columns clause>
<JSON table error behavior> ON ERROR

<right paren>

<JSON table primitive columns clause> ::=
COLUMNS <left paren>

<JSON table primitive column definition>
    [ { <comma> <JSON table primitive column definition> }... ]
<right paren>

<JSON table primitive column definition> ::=
<JSON table ordinality column definition>

| <JSON table regular column definition>
| <JSON table formatted column definition>
| <JSON table primitive chaining column>

<JSON table primitive chaining column> ::=
<column name> FOR CHAINING

Syntax Rules

1) If <JSON table> JTAB is specified:

a) Let JACS be the <JSON API common syntax> simply contained in JTAB.

i) Let JACSCI be the <JSON context item> contained in JACS.

ii) Let JACSPATH be the <JSON path specification> simply contained in JACS.

iii) Let JACSPN be the explicit or implicit <JSON table path name> simply contained in JACS.

iv) If JACS simply contains <JSON passing clause>, then let JACSPC be that <JSON passing
clause>; otherwise, let JACSPC be the zero-length character string.

b) If <JSON table error behavior> is not specified, then EMPTY ON ERROR is implicit. Let JTEB
be the explicit or implicit <JSON table error behavior>.
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c) Let JTABCOLS be the <JSON table columns clause> simply contained in JTAB.

d) Throughout JTAB, there is a three-way association between <JSON table path name>s, <JSON
path specification>s, and <JSON table columns clause>s. At the outermost level, JACSPN, JAC-
SPATH, and JTABCOLS are associated. Additional associations are defined later for each <JSON
table nested columns> contained in JTAB. The <JSON table path name> and the <JSON table
columns clause> in an association uniquely determines the othermembers of the association.

e) For every <JSON table regular column definition> JTRCD contained in JTAB:

i) Let JTRCN be the <column name> simply contained in JTRCD.

ii) The <data type> JTRCDT contained in JTRCD shall be a <predefined type> that identifies
a character string data type, numeric data type, Boolean data type, or datetime data
type.

iii) If JTRCDdoes not contain <JSON table columnemptybehavior>, then the implicit <JSON
table column empty behavior> of JTRCD is NULL ON EMPTY.

iv) If JTRCD does not contain <JSON table column error behavior>, then

Case:

1) If JTEB is ERRORONERROR, then the implicit <JSON table columnerror behavior>
of JTRCD is ERROR ON ERROR.

2) Otherwise, the implicit <JSON table column error behavior> of JTRCD is NULLON
ERROR.

v) Case:

1) If JTRCD contains <JSON table column path specification>, then let JTRCPATH be
the <JSON table column path specification> contained in JTRCD.

2) Otherwise, let JTRCPATHbe a<character string literal> consistingof the characters
<dollar sign> <period>, followed by a JSON string whose value is the same char-
acters as in JTRCN, in order.

vi) The Syntax Rules of Subclause 9.46, “SQL/JSON path language: syntax and semantics”,
are applied with JTRCPATH as PATH SPECIFICATION and the zero-length character
string as PASSING CLAUSE.

f) For every <JSON table formatted column definition> JTQCD contained in JTAB:

i) Let JTQCN be the <column name> simply contained in JTQCD.

ii) Let JTQCDT be the <data type> contained in JTQCD.

Case:

1) If JTQCDT does not identify a JSON type, then <JSON representation> shall be
specified.

2) Otherwise, if <JSON representation> is not specified, then FORMAT JSON is
implicit.

iii) Let JTQCFO be the explicit or implicit <JSON representation> contained in JTQCD.

iv) If JTQCFO is JSON, then JTQCDT shall be a string type or a JSON type.

v) If JTQCD does not contain <JSON table formatted columnwrapper behavior>, then the
implicit <JSON table formatted column wrapper behavior> is WITHOUT ARRAY.
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vi) If JTQCD contains <JSON table formatted column wrapper behavior> that specifies
WITH and neither CONDITIONAL nor UNCONDITIONAL is specified, then UNCONDI-
TIONAL is implicit.

vii) If JTQCD contains <JSON table formatted column wrapper behavior> that specifies
WITH, then <JSON table formatted column quotes behavior> shall not be specified.

viii) If JTQCD does not specify <JSON table formatted column quotes behavior>, then KEEP
is implicit.

ix) If JTQCDT is a JSON type, then the implicit or explicit <JSON table formatted column
quotes behavior> shall specify KEEP.

x) If JTQCD does not contain <JSON table formatted column empty behavior>, then the
implicit <JSON table formatted column empty behavior> of JTQCD is NULL ON EMPTY.

xi) If JTQCD does not contain <JSON table formatted column error behavior>, then

Case:

1) If JTEB is ERROR ON ERROR, then the implicit <JSON table formatted column
error behavior> of JTQCD is ERROR ON ERROR.

2) Otherwise, the implicit <JSON table formatted column error behavior> of JTQCD
is NULL ON ERROR.

xii) Case:

1) If JTQCD contains <JSON table column path specification>, then let JTQCPATH be
the <JSON table column path specification> contained in JTQCD.

2) Otherwise, let JTQCPATHbea<character string literal> consistingof the characters
<dollar sign> <period>, followed by a JSON string whose value is the same char-
acters as in JTQCN in order.

xiii) The Syntax Rules of Subclause 9.46, “SQL/JSON path language: syntax and semantics”,
are applied with JTQCPATH as PATH SPECIFICATION and the zero-length character
string as PASSING CLAUSE.

g) For every <JSON table nested columns> JTNC contained in JTAB:

i) If JTAB contains an explicit <JSON table plan clause>, then JTNC shall contain <JSON
table nested path name>.

ii) If <JSON table pathname> is not specified, then an implementation-dependent (UV084)
<JSON table path name> is implicit.

iii) The scope of an explicit or implicit <JSON table path name> JTNCPN is the explicit or
implicit <JSON table plan clause>.

iv) Let JTNCPATH be the <JSON table nested path specification> of JTNC.

v) The Syntax Rules of Subclause 9.46, “SQL/JSON path language: syntax and semantics”,
are applied with JTRCPATH as PATH SPECIFICATION and the zero-length character
string as PASSING CLAUSE.

vi) Let JTNCCOLS be the <JSON table columns clause> simply contained in JTNC.

vii) JTNCPN, JTNCPATH, and JTNCCOLS are associated.

h) Within JTAB, JACSPN, every <JSON table path name> contained in a <JSON table nested
columns>, and every <column name> shall be distinct from one another.
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NOTE 242— In the syntactic transformation defined later, <JSON table path name>s are used as column
names; hence <JSON table path name>s must be distinct from the <column name>s.

i) If <JSON table specific plan> is not specified, then an implicit <JSON table specific plan> is
constructed as follows:

i) Case:

1) If <JSON table default plan choices> is specified and contains INNER, then let
JTPDEFPC be INNER.

2) Otherwise, let JTPDEFPC be OUTER.
NOTE 243— The choice of INNER or OUTER determines whether the implicit <JSON table specific
plan> will perform inner or left outer joins between parent and child NESTED COLUMNS clauses.

ii) Case:

1) If <JSON table default plan choices> is specified and contains CROSS, then let
JTPDEFSIB be CROSS.

2) Otherwise, let JTPDEFSIB be UNION.
NOTE 244— The choice of CROSS or UNION determines whether the implicit <JSON table specific
plan> will perform a cross product or a “union join” between sibling NESTED COLUMNS clauses. A
union join is a full outer join whose match condition is always False, producing a list of every row of
the first operand, null extended on the right, followed by a list of every row of the second operand,
null extended on the left.

iii) Let CN be the number of <JSON table columns clause>s contained in JTABwithout an
intervening <JSON table>.

iv) Let CNODEi, 1 (one) ≤ i ≤ CN, be an enumeration of the <JSON table columns clause>s
contained in JTABwithout an intervening <JSON table>, enumerated in order of the
occurrence of the <key word> COLUMNS immediately contained in those <JSON table
columns clause>s in JTAB. Let CNODELIST be an ordered collection of CNODEi, 1 (one)
≤ i ≤ CN.

v) Let COLTREE be a tree whose nodes are CNODEi, 1 (one) ≤ i ≤ CN, arranged according
to syntactic containment.

NOTE 245— That is, for every node N, the children of N are the <JSON table columns clause>s that
are simply contained in N, if any.

NOTE 246— CNODEi, 1 (one) ≤ i ≤ CN, is an ordered list of nodes, CNODELIST. Each of those CNODEi
is also a node in COLTREE. This permits the processing of nodes in lexicographic order (from the list)
while still having access to those nodes’ children (from the tree).

vi) Let CPNc, 1 (one) ≤ c ≤ CN, be the <JSON table path name> associated with CNODEc.

vii) Let CHILDRENc, 1 (one) ≤ c ≤ CN, be the set of child nodes of CNODEc, considered as
nodes of COLTREE. Let NCHILDc be the number of nodes in CHILDRENc.

viii) For all c, CN ≥ c ≥ 1 (one), in descending order,

Case:

1) If NCHILDc is 0 (zero), then let CPLANc be CPNc.

NOTE 247— These are the leaf nodes of COLTREE.

2) If NCHILDc is 1 (one), then let DNODE be the only child node of CNODEc, let dsub
be the ordinal position of DNODE in CNODELIST, and let CPLANc be
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( CPNc JTPDEFPC CPLANdsub )

NOTE248—Thismeans that either a left outer join or an inner joinwill connect the evaluation
of the parent <JSON table columns clause> to the evaluation of the child <JSON table columns
clause>.

3) Otherwise,

A) Let NC be NCHILDc.

B) Let DNODEcn, 1 (one) ≤ cn ≤ NC, be the collection of nodes in CHILDRENc,
let dsub(cn) be the ordinal position of DNODEcn in CNODELIST, and let
CPLANc be

( CPNc JTPDEFPC
    ( CPLANdsub(1) JTPDEFPSIB ...

JTPDEFPSIB CPLANdsub(NC) ) )

NOTE 249— The subscripts dsub(1), ..., dsub(NC) are not necessarily consecutive
integers.

NOTE250—Thismeans that the child <JSON table columns clause>swill be connected
using either a “union join” (the same as a full outer join with a condition that is never
satisfied) or a cross product. Either a left outer join or an inner join will connect the
parent <JSON table columns clause> to the union join or cross product of all the children.

ix) The implicit <JSON table plan clause> of JTAB is

PLAN ( CPLAN1 )

NOTE 251— For example, consider the following schematic <JSON table>:

JSON_TABLE ( JACSCI, 'JACSPATH' AS JACSPN
COLUMNS (

NESTED PATH '...' AS CPN2 COLUMNS (...),
NESTED PATH '...' AS CPN3 COLUMNS (...)

                               )
           )

In this example, COLTREE can be diagrammed as shown in Figure 7, “Diagram of COLTREE”, using
<JSON table path name>s to label the nodes:

CPN1 = JACSPN

CPN2 CPN3

Figure 7—Diagram of COLTREE

The implicit <JSON table specific plan> is

PLAN ( JACSPN OUTER ( CPN2 UNION CPN3 ) )

j) Let JTPLAN be the explicit <JSON table specific plan> simply contained in JTAB or the implicit
<JSON table specific plan> specified by the preceding Syntax Rules.

i) Every implicit or explicit <JSON table path name> contained in JTAB shall appear in
JTPLAN exactly once.

ii) For every <JSON table plan parent/child> JTPPC contained in JTPLAN, let LEFTOP be
the first <JSON table path name> contained in JTPPC, and let OTHEROP be any other
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<JSON table path name> contained in JTPPC. Let LEFTCOLS be the <JSON table columns
clause> that is associatedwith LEFTOP, and letOTHERCOLSbe the <JSON table columns
clause> associated with OTHEROP. OTHERCOLS shall be contained in LEFTCOLS.

k) Theplan tree JTTREEof JTAB is a treewhose leaves are the <JSON table path name>s contained
in JTPLAN and whose interior nodes are the BNF non-terminals contained in JTPLAN that
contain a <JSON table path name>. The nodes of JTTREE are arranged according to syntactic
containment, that is, for every interior node N, the children of N are the BNF non-terminals
immediately contained in N, excluding <left paren> and <right paren>.

NOTE 252— Continuing the prior example, given the plan

PLAN ( JACSPN OUTER ( CPN2 UNION CPN3 ) )

the plan tree can be diagrammed (using OUTER to label a <JSON table plan outer> node and UNION to label
a <JSON table plan union> node) as shown in Figure 8, “Diagram of a plan tree”.

OUTER

CPN2 CPN3

JACSPN UNION

Figure 8—Diagram of a plan tree

i) Let NN be the number of nodes of JTTREE and let the nodes of of JTTREE be JTNODE1,
..., JTNODENN, enumerated in an implementation-dependent (US033) order that for all
i1, 1 (one) ≤ i1 ≤ NN, and for all i2, 1 (one) ≤ i2 ≤ NN, if node JTNODEi1 is contained in
node JTNODEi2, then i1 < i2.

NOTE 253— This can be done using a depth-first traversal of JTTREE.

ii) For all i, 1 (one) ≤ i ≤ NN, let JTCORRi be a <correlation name> defined as follows:

1) If JTNODEi is a <JSON table path name> JTPN, then let JTCORRi be JTPN.

2) If JTNODEihas only one child JTNODEc, then let JTCORRibe equivalent to JTCORRc.

NOTE 254— This handles the cases where JTNODEi is a <JSON table plan>, <JSON table plan
parent/child>, <JSON table plan sibling>, or <JSON table plan primary>.

3) Otherwise, let JTCORRi be an implementation-dependent (UV084) <correlation
name> that is distinct from any <JSON table path name> and from any other
<correlation name> chosen by this rule.

iii) For all i, 1 (one)≤ i≤NN, a <select list> JTSLi and a <table primary> JTPRIMi are defined
as follows.

Case:

1) If JTNODEi has exactly one child JTNODEc, then let JTSLi be the same as JTSLc and
let JTPRIMi be the same as JTPRIMc.
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2) If JTNODEi is a <JSON table plan outer>, then let JTNODEa, be the <JSON table path
name> that is the first operand of JTNODEi and let JTNODEb, be the <JSON table
plan primary> that is the second operand of JTNODEi. Let JTSLi be

JTSLa, JTSLb

and let JTPRIMi be

LATERAL ( SELECT JTSLa, JTSLb
FROM JTPRIMa LEFT OUTER JOIN JTPRIMb
ON 0=0

        ) AS JTCORRi

3) If JTNODEi is a <JSON table plan inner>, then let JTNODEa, a, 1 (one) ≤ a ≤ NN, be
the <JSON table path name> that is the first operand of JTNODEi and let JTNODEb,
b, 1 (one) ≤ b ≤ NN, be the <JSON table plan primary> that is the second operand
of JTNODEi. Let JTSLi be

JTSLa, JTSLb

and let JTPRIMi be

LATERAL ( SELECT JTSLa, JTSLb
FROM JTPRIMa, JTPRIMb

        ) AS JTCORRi

4) If JTNODEi is a <JSON table plan union>, then let NTP be the number of <JSON
table plan primary>s that are the children of JTNODEi, let PNODEi,j, 1 (one) ≤ j ≤
NPT, be the <JSON table plan primary>s that are the children of JTNODEi, and
PSUB(j) be the subscript that PNODEi,j holds as a JTNODE, let JTSLi be

JTSLPSUB(1), ..., JTSLPSUB(NTP)

and let JTPRIMi be

LATERAL ( SELECT JTSLPSUB(1), ..., JTSLPSUB(NTP)
FROM JTPRIMPSUB(1) FULL OUTER JOIN

               ...
JTSLPSUB(NTP) ON 0=1

        ) AS JTCORRi

NOTE 255— For example, if NTP is 3:

LATERAL ( SELECT JTSLPSUB(1), JTSLPSUB(2), JTSLPSUB(3)
FROM JTPRIMPSUB(1)
FULL OUTER JOIN

JTPRIMPSUB(2) ON 0=1
FULL OUTER JOIN

JTPRIMPSUB(3) ON 0=1
        ) AS JTCORRi

5) If JTNODEi is a <JSON table plan cross>, then let NTP be the number of <JSON
table plan primary>s that are the children of JTNODEi, let PNODEi,j, 1 (one) ≤ j ≤
NPT, be the <JSON table plan primary>s that are the children of JTNODEi, and
PSUB(j) be the subscript that PNODEi,j holds as a JTNODE, let JTSLi be

JTSLPSUB(1), ..., JTSLPSUB(NTP)

and let JTPRIMi be
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LATERAL ( SELECT JTSLPSUB(1), ..., JTSLPSUB(NTP)
FROM JTPRIMPSUB(1), ..., JTSLPSUB(NTP)

        ) AS JTCORRi

6) If JTNODEi is a <JSON table path name> JTPNi, then:

A) Let JTPATHi be the <JSON path specification> associated with JTPNi and let
JTCOLSi be the <JSON table columns clause> associated with JTPNi.

B) Case:

I) If JTPNi is JACSPN, then let JTCIi be JACSCI.

II) Otherwise, let ANCESTOR be the <JSON table plan inner> or <JSON
table plan outer> that simply contains JTPNi in the second (<JSON
tableplanprimary>) argument. LetANCESTORPNbe the<JSON table
path name> that is the first operand of ANCESTOR. Let JTCIi be

ANCESTORPN.JTPNi

NOTE 256—<JSON table path name>s are used both as correlation names and column
names. HereANCESTORPN is the correlation name of the query and JTPNi is the column
name of the column that generates the context item for JTPRIMi.

C) LetND be the number of <JSON table columndefinition>s simply contained
in JTCOLSi. Let JTCDd, 1 (one) ≤ d ≤ ND, be those <JSON table column defin-
ition>s.

For all d, 1 (one) ≤ d ≤ ND,

Case:

I) If JTCDd is a <JSON table nested columns> JTNC, then let JTCC be the
<JSON table columns clause> simply contained in JTNC, let COLNd be
the <JSON table path name> associatedwith JTCC, and let JTCDNEWd
be

COLNd FOR CHAINING

II) If JTCDd is a <JSON table ordinality column definition>, then let
JTCDNEWd be JTCDd.

III) If JTCDd is a <JSON table regular column definition>, then let COLNd
be the <column name> contained in JTCDd and let JTCDNEWd be
JTCDd, with any implicit <JSON table column empty behavior> or
<JSON table column error behavior> made explicit.

IV) If JTCDd is a <JSON table formatted columndefinition>, then letCOLNd
be the <column name> contained in JTCDd and let JTCDNEWd be
JTCDd, with any implicit <JSON table formatted column wrapper
behavior>, <JSON table formatted column quotes behavior>, <JSON
table formatted column empty behavior>, or <JSON table formatted
column error behavior> made explicit.

D) Let JTSLi

446 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
7.11 <JSON table>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


COLN1, ..., COLNND

and let JTPRIMi be

LATERAL ( SELECT COLN1, ..., COLNND
FROM JSON_TABLE_PRIMITIVE (

JTCIi,
JTPATHi AS JACSPN
JACSPC
COLUMNS ( JTCDNEW1, ..., JTCDNEWND )
JTEB ON ERROR ) ) AS JTPNi

l) Let NC be the number of <column name>s contained in JTAB and let COLNe, 1 (one) ≤ e ≤ NC,
be those <column name>s in the order in which they lexicographically appear in JTAB.

NOTE 257— This includes all <column name>s in any <JSON table nested columns> at any depth of nesting,
but excludes the columns whose names are <JSON table path name>s created for chaining between
JSON_TABLE_PRIMITIVE invocations.

m) JTAB is equivalent to

LATERAL ( SELECT COLN1, ..., COLNNC
FROM JTPRIMNN )

NOTE 258— The <correlation or recognition> is suffixed to the preceding <lateral derived table>.

2) The degree of the table specified by <JSON table primitive> JTP is the number of <JSON table prim-
itive columndefinition>s simply contained in JTP. For each<JSON table primitive columndefinition>
JTPCD contained in JTP, a column descriptor is determined as follows:

a) The column name of the column is the <column name> simply contained in JTPCD.

b) Case:

i) If JTPCD is a <JSON table ordinality column definition>, then the declared type of the
column is an implementation-defined (IV158) exact numeric type with scale 0 (zero).

ii) If JTPCD is a <JSON table regular columndefinition>or a <JSON table formatted column
definition>, then the declared type of the column is the type defined by the <data type>
simply contained in JTPCD.

iii) If JTPCD is a <JSON table primitive chaining column>, then the declared type of the
column is an implementation-dependent (UV123) string type.

Access Rules

None.

General Rules

1) The result of JTP is determined as follows:

a) If the value of the <JSON context item> simply contained in the <JSON API common syntax>
is the null value, then the result of JTP is an empty table and no further General Rules of this
Subclause are applied.

b) Let JACS be the <JSON API common syntax> simply contained in JTP.

c) Let JTEB be the <JSON table error behavior> simply contained in JTP.
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d) The General Rules of Subclause 9.47, “Processing <JSON API common syntax>”, are applied
with JACS as JSON API COMMON SYNTAX; let ROWST be the STATUS and let ROWSEQ be the
SQL/JSON SEQUENCE returned from the application of those General Rules.

e) Case:

i) If ROWST is an exception condition, then

Case:

1) If JTEB is ERROR, then the exception condition ROWST is raised.

2) Otherwise, the result of JTP is an empty table.

ii) Otherwise, let NI be the number of SQL/JSON items in ROWSEQ, let Ij, 1 (one) ≤ j ≤ NI,
be those SQL/JSON items in order, let NCD be the number of <JSON table primitive
column definition>s contained in JTP, and let JTCDi, 1 (one) ≤ i ≤ NCD, be those <JSON
table primitive column definition>s.

For all j, 1 (one) ≤ j ≤ NI, and for all i, 1 (one) ≤ i ≤ NCD, the value of the i-th column of
the j-th row in the result of JTP is determined as follows.

Case:

1) If JTCDi is a <JSON table ordinality column definition>, then the value of the i-th
column of the j-th row is j.

2) If JTCDi is a <JSON table regular column definition>, then:

A) Let JTCDPATHi be the <JSON table column path specification>, let ZBi be the
<JSON table column empty behavior>, let EBi be the <JSON table column
error behavior> contained in JTCDi, and let DTi be the <data type> simply
contained in JTCDi.

B) The General Rules of Subclause 9.46, “SQL/JSON path language: syntax and
semantics”, are applied with JTCDPATHi as PATH SPECIFICATION, Ij as
CONTEXT ITEM, True as ALREADY PARSED, and the zero-length character
string as PASSING CLAUSE; let ST1 be the STATUS and let SEQ be the
SQL/JSON SEQUENCE returned from the application of those General Rules.

C) The General Rules of Subclause 9.48, “Casting an SQL/JSON sequence to an
SQL type”, are applied with ST1 as STATUS IN, SEQ as SQL/JSON SEQUENCE,
ZBi as EMPTY BEHAVIOR, EBi as ERROR BEHAVIOR, and DTi as DATA TYPE;
let ST2 be the STATUS OUT and let V be the VALUE returned from the
application of those General Rules.

D) If ST2 is an exception condition, then the exception condition ST2 is raised;
otherwise, the value of the i-th column of the j-th row is V.

3) If JTCDi is a <JSON table formatted column definition>, then:

A) Let JTCDPATHi be the <JSON table column path specification>, letWBi be
the <JSON table formatted columnwrapper behavior>, letQBi be the <JSON
table formatted column quotes behavior>, let ZBi be the <JSON table
formatted column empty behavior>, let EBi be the <JSON table formatted
column error behavior> contained in JTCDi, let DTi be the <data type>, and
let FOi be the <JSON representation> simply contained in JTCDi.
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B) The General Rules of Subclause 9.46, “SQL/JSON path language: syntax and
semantics”, are applied with JTCDPATHi as PATH SPECIFICATION, Ij as
CONTEXT ITEM, True as ALREADY PARSED, and the zero-length character
string as PASSING CLAUSE; let ST1 be the STATUS and let SEQ be the
SQL/JSON SEQUENCE returned from the application of those General Rules.

C) Case:

I) IfDTi is a JSON type, then General Rules of Subclause 9.44, “Convert-
ing an SQL/JSON sequence to an SQL/JSON item”, are applied with
ST1 as STATUS IN, SEQ as SQL/JSON SEQUENCE,WBi asWRAPPER
BEHAVIOR, ZBi as EMPTY BEHAVIOR, and EBi as ERROR BEHAVIOR;
let ST2 be the STATUS OUT and let V be the VALUE returned from the
application of those General Rules.

II) Otherwise, the General Rules of Subclause 9.49, “Serializing an
SQL/JSON sequence to an SQL string type”, are applied with ST1 as
STATUS IN, SEQasSQL/JSONSEQUENCE,WBiasWRAPPERBEHAVIOR,
QBi as QUOTES BEHAVIOR, ZBi as EMPTY BEHAVIOR, EBi as ERROR
BEHAVIOR, DTi as DATA TYPE, and FOi as FORMAT OPTION; let ST2
be the STATUS OUT and let V be the VALUE returned from the
application of those General Rules.

D) If ST2 is an exception condition, then the exception condition ST2 is raised.
Otherwise, the value of the i-th column of the j-th row is V.

4) If JTCDi is a <JSON table primitive chaining column>, then:

A) Case:

I) If DTi is a JSON type, then let JT be Ij.

II) Otherwise, the General Rules of Subclause 9.43, “Serializing an
SQL/JSON item”, are appliedwith Ij as SQL/JSON ITEM, an implemen-
tation-dependent (UV085) <JSON representation> as FORMAT
OPTION, and an implementation-dependent (UV085) data type as
TARGET TYPE; let CHAINST be the STATUS and let JT be the JSON
TEXT returned from the application of those General Rules.

If CHAINST is an exception condition, then

Case:

1) If JTEB is ERROR, then the exception condition CHAINST is
raised.

2) Otherwise, let JT be the null value.
NOTE259—Becauseof the syntactic transformation in the SyntaxRules,
this value will be the context item of a different <JSON table primitive>
invocation. The null value cannot be parsed, so that query will result in
an empty table (not an error, since JTEB is EMPTY).

B) The value of the i-th column of the j-th row of the result of JTP is JT.

Conformance Rules

1) Conforming SQL language shall not contain <JSON table primitive>.
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NOTE 260— <JSON table primitive> is a specification device used to define the semantics of nested tables in <JSON
table> and is not syntax available to the user.

2) Without Feature T821, “Basic SQL/JSON query operators”, conforming SQL language shall not
contain <JSON table>.

3) Without Feature T824, “JSON_TABLE: specific PLAN clause”, <JSON table> shall not contain <JSON
table specific plan>.

4) Without Feature T838, “JSON_TABLE: PLANDEFAULT clause”, <JSON table> shall not contain <JSON
table default plan>.

5) Without Feature T825, “SQL/JSON: ON EMPTY and ON ERROR clauses”, <JSON table> shall not
contain <JSON table error behavior>.

6) Without Feature T825, “SQL/JSON: ON EMPTY and ON ERROR clauses”, <JSON table> shall not
contain <JSON table column empty behavior>.

7) Without Feature T825, “SQL/JSON: ON EMPTY and ON ERROR clauses”, <JSON table> shall not
contain <JSON table column error behavior>.

8) Without Feature T826, “General value expression in ON ERROR or ON EMPTY clauses”, the <value
expression> contained in <JSON table column empty behavior> or <JSON table column error
behavior> contained in a <JSON table regular column definition> JTRCD shall be a <literal> that can
be cast to the data type specifiedby the <data type> contained in JTRCDwithout raising an exception
condition according to the General Rules of Subclause 6.13, “<cast specification>”.

9) Without Feature T827, “JSON_TABLE: sibling NESTED COLUMNS clauses”, an explicit or implicit
<JSON table plan> shall not contain <JSON table plan sibling>.

10) Without FeatureT851, “SQL/JSON: optional keywords for default syntax”, conforming SQL language
shall not contain a <JSON table formatted column definition> that simply contains both a <data
type> that identifies a JSON type and FORMAT JSON.
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7.12 <where clause>

Function

Specify a table derived by the application of a <search condition> to the result of the preceding <from
clause>.

Format
<where clause> ::=
WHERE <search condition>

Syntax Rules

1) If a <value expression>directly contained in the <search condition> is a <set function specification>,
then the <where clause> shall be contained in a <having clause> or <select list>, the <set function
specification> shall contain a column reference, and every column reference contained in an
aggregated argument of the <set function specification> shall be an outer reference.

NOTE 261— outer reference is defined in Subclause 6.7, “<column reference>”.

2) The <search condition> shall not contain a <window function> without an intervening <query
expression>.

Access Rules

None.

General Rules

1) Let T be the result of the preceding <from clause>.

2) The <search condition> is effectively evaluated for each row of T. The result of the <where clause>
is a table of those rows of T for which the result of the <search condition> is True.

Conformance Rules

1) Without Feature F441, “Extended set function support”, conforming SQL language shall not contain
a <value expression> directly contained in a <where clause> that contains a <column reference>
that references a <derived column> that generally contains a <set function specification>.
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7.13 <group by clause>

Function

Specify a grouped table derived by the application of the <group by clause> to the result of the previously
specified clause.

Format
<group by clause> ::=
GROUP BY [ <set quantifier> ] <grouping element list>

<grouping element list> ::=
<grouping element> [ { <comma> <grouping element> }... ]

<grouping element> ::=
<ordinary grouping set>

| <rollup list>
| <cube list>
| <grouping sets specification>
| <empty grouping set>

<ordinary grouping set> ::=
<grouping column reference>

| <left paren> <grouping column reference list> <right paren>

<grouping column reference> ::=
<column reference> [ <collate clause> ]

<grouping column reference list> ::=
<grouping column reference> [ { <comma> <grouping column reference> }... ]

<rollup list> ::=
ROLLUP <left paren> <ordinary grouping set list> <right paren>

<ordinary grouping set list> ::=
<ordinary grouping set> [ { <comma> <ordinary grouping set> }... ]

<cube list> ::=
CUBE <left paren> <ordinary grouping set list> <right paren>

<grouping sets specification> ::=
GROUPING SETS <left paren> <grouping set list> <right paren>

<grouping set list> ::=
<grouping set> [ { <comma> <grouping set> }... ]

<grouping set> ::=
<ordinary grouping set>

| <rollup list>
| <cube list>
| <grouping sets specification>
| <empty grouping set>

<empty grouping set> ::=
<left paren> <right paren>
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Syntax Rules

1) Each <grouping column reference> shall unambiguously reference a column of the table resulting
from the <from clause>. A column referenced in a <group by clause> is a grouping column.

NOTE 262— “Column reference” is defined in Subclause 6.7, “<column reference>”.

2) Each <grouping column reference> is an operand of a grouping operation. The Syntax Rules and
Conformance Rules of Subclause 9.12, “Grouping operations”, apply.

3) For every <grouping column reference> GC,

Case:

a) If <collate clause> is specified, then let CS be the collation identified by <collation name>. The
declared type of the column reference shall be character string. The declared type of GC is
that of its column reference, except that CS is the declared type collation and the collation
derivation is explicit.

b) Otherwise, the declared type of GC is the declared type of its column reference.

4) Let QS be the <query specification> that simply contains the <group by clause>, and let SL, FC,WC,
GBC, andHCbe the<select list>, the <fromclause>, the <where clause> if any, the <groupby clause>,
and the <having clause> if any, respectively, that are simply contained in QS.

5) Let QSSQ be the explicit or implicit <set quantifier> immediately contained in QS.

6) Let GBSQ be the <set quantifier> immediately contained in <group by clause>, if any; otherwise, let
GBSQ be ALL.

7) Let SL1 be obtained from SL by replacing every <asterisk> and <asterisked identifier chain> using
the syntactic transformations in the Syntax Rules of Subclause 7.16, “<query specification>”.

8) A <group by clause> is primitive if it does not contain a <rollup list>, <cube list>, <grouping sets
specification>, or <grouping column reference list>, and does not contain both a <grouping column
reference> and an <empty grouping set>.

9) A <group by clause> is simple if it does not contain a <rollup list>, <cube list> or <grouping sets
specification>.

10) If GBC is a simple <group by clause> that is not primitive, then GBC is transformed into a primitive
<group by clause> as follows:

a) Let NSGB be the number of <grouping column reference>s contained in GBC.

b) Case:

i) If NSGB is 0 (zero), then GBC is replaced by

GROUP BY ()

ii) Otherwise:

1) Let SGCR1, ... SGCRNSGB be an enumeration of the <grouping column reference>s
contained in GBC.

2) GBC is replaced by

GROUP BY SGCR1, ...
SGCRNSGB

NOTE 263— That is, a simple <group by clause> that is not primitive can be transformed into a
primitive <group by clause> by deleting all parentheses, and deleting extra <comma>s as necessary
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for correct syntax. If there are no grouping columns at all (for example, GROUP BY (), ()), this is
transformed to the canonical form GROUP BY ().

11) If GBC is a primitive <group by clause>, then let SLNEW and HCNEW be obtained from SL1 and HC,
respectively, by replacing every <grouping operation> by the <exact numeric literal> 0 (zero). QS
is equivalent to:

SELECT QSSQ SLNEW FC
WC GBC HCNEW

12) Let OGSL be an <ordinary grouping set list>. The concatenation of OGSL is defined as follows:

a) Let NGCR be the number of <grouping column reference>s simply contained in OGSL and let
GCRj, 1 (one) ≤ j ≤ NGCR, be an enumeration of those <grouping column reference>s, in order
from left to right.

b) The concatenation of OGSL is the <ordinary grouping set list>

GCR1, ..., GCRNGCR

NOTE 264— Thus, the concatenation of OGSL is formed by erasing all parentheses. For example, the concat-
enation of “(A, B), (C, D)” is “A, B, C, D”.

13) Let RL be a <rollup list>. Let OGSi range over the n <ordinary grouping set>s contained in RL.

a) For each i between 1 (one) and n, let COGSi be the concatenation of the <ordinary grouping
set list>

OGS1, OGS2, ..., OGSi

b) RL is equivalent to:

GROUPING SETS (
   ( COGSn ),
   ( COGSn−1 ),
   ( COGSn−2 ),
   ...
   ( COGS1 ),
   ( ) )

NOTE 265— The result of the transform is to replace RLwith a <grouping sets specification> that contains
a <grouping set> for every initial sublist of the <ordinary grouping set list> of the <rollup list>, obtained by
dropping <ordinary grouping set>s from the right, one by one, and concatenating each <ordinary grouping
set list> so obtained. The <empty grouping set> is regarded as the shortest such initial sublist. For example,
“ROLLUP ( (A, B), (C, D) )” is equivalent to “GROUPING SETS ( (A, B, C, D), (A, B), () )”.

14) Let CL be a <cube list>. Let OGSi range over the n <ordinary grouping set>s contained in CL. CL is
transformed as follows:

a) LetM = 2n − 1 (one).

b) For each i between 1 (one) andM:

i) Let BSLi be the binary number consisting of n bits (binary digits) whose value is i.

ii) For each j between 1 (one) and n, let Bi,j be the j-th bit, counting from left to right, in
BSLi.

iii) For each j between 1 (one) and n, let GSLCRi,j be

Case:
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1) If Bi,j is 0 (zero), then the zero-length character string.

2) If Bi,j is 1 (one) and Bi,k is 0 (zero) for all k < j, then OGSj.

3) Otherwise, <comma> followed by OGSj.

iv) Let GSLi be the concatenation of the <ordinary grouping set list>

GSLCRi,1 GSLCRi,2 ... GSLCRi,n

c) CL is equivalent to

GROUPING SETS ( ( GSLM ), ( GSLM−1 ), ..., ( GSL1 ), ( ) )

NOTE 266— The result of the transform is to replace CLwith a <grouping sets specification> that contains a
<grouping set> for all possible subsets of the set of <ordinary grouping set>s in the <ordinary grouping set list> of
the <cube list>, including <empty grouping set> as the empty subset with no <ordinary grouping set>s.

For example, CUBE (A, B, C) is equivalent to:

GROUPING SETS ( /* BSLi */
  (A, B, C),    /* 111 */
  (A, B   ),    /* 110 */
  (A,    C),    /* 101 */
  (A      ),    /* 100 */
  (   B, C),    /* 011 */
  (   B   ),    /* 010 */
  (      C),    /* 001 */
  (       )
)

As another example, CUBE ((A, B), (C, D)) is equivalent to:

GROUPING SETS ( /* BSLi */
  (A, B, C, D), /* 11 */
  (A, B      ), /* 10 */
  (      C, D), /* 01 */
  (          )
)

15) LetGSSAbe a <grouping sets specification>. IfGSSA simply contains another <grouping sets specific-
ation> GSSB, then GSSA is transformed as follows:

a) LetNA be the number of <grouping set>s simply contained in GSSA, and letNB be the number
of <grouping set>s simply contained in GSSB.

b) Let GSAi be an enumeration of the <grouping set>s simply contained in GSSA, for 1 (one) ≤ i
≤ NA.

c) Let GSBi be an enumeration of the <grouping set>s simply contained in GSSB, 1 (one) ≤ i ≤NB.

d) Let k be the value such that GSSB = GSAk .

e) GSSA is equivalent to

GROUPING SETS (
GSA1, GSA2, ... GSAk−1,
GSB1, ..., GSBNB,
GSAk+1, ..., GSANA )

NOTE 267— Thus, the nested <grouping sets specification> is removed by simply “promoting” each of its
<grouping set>s to be a <grouping set> of the encompassing <grouping sets specification>.

16) Let CGB be a <group by clause> that is not simple. CGB is transformed as follows:
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The preceding Syntax Rules are applied repeatedly to eliminate any <grouping sets specifica-
tion> that is nested in another <grouping sets specification>, as well as any <rollup list> and
any <cube list>.

NOTE268—As a result, CGB is either a single <grouping sets specification> or a list of two ormore <grouping
set>s, each ofwhich is an <ordinary grouping set>, an <empty grouping set>, or a <grouping sets specification>

a)

that contains only <ordinary grouping set>s and <empty grouping set>s. There are no remaining <rollup
list>s, <cube list>s, or nested <grouping sets specification>s.

b) Any <grouping element> GS that is an <ordinary grouping set> or an <empty grouping set>
is replaced by the <grouping sets specification>

GROUPING SETS ( GS )

NOTE 269— As a result, CGB is a list of one or more <grouping sets specification>s.

c) If CGB contains two or more <grouping sets specification>s, then let GSSX and GSSY be the
first two<grouping sets specification>s inCGB.CGB is transformedby replacing “GSSX<comma>
GSSY” as follows:

i) LetNXbe thenumber of <grouping set>s inGSSX and letNYbe thenumber of <grouping
set>s in GSSY.

ii) Let GSXi, 1 (one) ≤ i ≤ NX, be the <grouping set>s contained in GSSX, and let GSYi, 1
(one) ≤ i ≤ NY, be the <grouping set>s contained in GSSY.

iii) LetMX(i) be the number of <grouping column reference>s in GSXi, and letMY(i) be the
number of <grouping column reference>s in GSYi.

NOTE 270— If GSXi is <empty grouping set>, thenMX(i) is 0 (zero); and similarly for GSYi.

iv) Let GCRXi,j, 1 (one) ≤ j ≤MX(i) be the <grouping column reference>s contained in GSXi,
and let GCRYi,j, 1 (one) ≤ j ≤MY(i) be the <grouping column reference>s contained in
GSYi.

NOTE 271— If GSXi is <empty grouping set>, then there are no GCRXi,j; and similarly for GSYi.

v) For each a between 1 (one) and NX and each b between 1 (one) and NY, let GSTa,b be

( GCRXa,1, ..., GCRXa,MX(a), GCRYb,1, ..., GCRYb,MY(b) )

that is, an <ordinary grouping set> consisting of GCRAa,j for all j between 1 (one) and
MX(a), followed by GCRYb,j for all j between 1 (one) andMY(b).

vi) CGB is transformed by replacing “GSSX <comma> GSSY” with

GROUPING SETS (
GST1,1, ..., GST1,NY,
GST2,1, ..., GST2,NY,

  ...
GSTNX,1, ..., GSTNX,NY

)

NOTE 272— Thus each <ordinary grouping set> in GSSA is “concatenated” with each <ordinary
grouping set> in GSSB. For example,

GROUP BY GROUPING SETS ((A, B), (C)),
GROUPING SETS ((X, Y), ())

is transformed to

GROUP BY GROUPING SETS ((A, B, X, Y), (A, B),
         (C, X, Y), (C))
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d) The previous subrule of this Syntax Rule is applied repeatedly until CGB consists of a single
<grouping sets specification>.

17) If <grouping element list> consists of a single <grouping sets specification> GSS that contains only
<ordinary grouping set>s or <empty grouping set>s, then:

a) Letm be the number of <grouping set>s contained in GSS.

b) Let GSi, 1 ≤ i ≤m, range over the <grouping set>s contained in GSS.

c) Let p be the number of distinct <column reference>s that are contained in GSS.

d) Let PC be an ordered list of these <column reference>s ordered according to their left-to-right
occurrence in the list.

e) Let PCk, 1 ≤ k ≤ p, be the k-th <column reference> in PC.

f) Let DTPCk be the declared type of the column identified by PCk.

g) Let NDC be the number of <derived column>s simply contained in SL1.

h) Let DCq, 1 ≤ q ≤ NDC, be an enumeration of the <derived column>s simply contained in SL1,
in order from left to right.

i) Let DCNq be the column name of DCq, 1 (one) ≤ q ≤ NDC.

j) Let VEq, 1 (one) ≤ q ≤ NDC, be the <value expression> simply contained in DCq.

k) Let XNk, 1 (one) ≤ k ≤ p, YNk, 1 (one) ≤ k ≤ p, and ZNq, 1 (one) ≤ q ≤ NDC, be implementation-
dependent (UV132) column names that are all distinct from one another.

l) Let SL2 be the <select list>:

PC1 AS XN1, GROUPING (PC1) AS YN1,
...,
PCp AS XNp, GROUPING (PCp) AS YNp,
VE1 AS ZN1, ..., VENDC AS ZNNDC

m) For each GSi:

i) If GSi is an <empty grouping set>, then let n(i) be 0 (zero). If GSi is a <grouping column
reference>, then let n(i) be 1 (one). Otherwise, let n(i) be the number of <grouping
column reference>s contained in the <grouping column reference list>.

ii) Let GCRi,j, 1 ≤ j ≤ n(i), range over the <grouping column reference>s contained in GSi.

iii) Case:

1) If GSi is an <ordinary grouping set>, then:

A) Transform SL2 to obtain SL3, and transform HC to obtain HC3, as follows.

For every PCk, if there is no j such that PCk = GCRi,j, thenmake the following
replacements in SL2 and HC:

I) Replace each <grouping operation> in SL2 and HC that contains a
<column reference> that references PCk by

CAST ( 1 AS IDT )
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where IDT is the implementation-defined (IV183) exact numeric
type with scale 0 (zero) that is the declared type of the <grouping
operation>.

II) Replace each <column reference> in SL2 and HC that references PCk
by

CAST ( NULL AS DTPCk )

B) Transform SL3 to obtain SLNEW, and transform HC3 to obtain HCNEW by
replacing each <grouping operation> that remains in SL3 and HC3 by

CAST ( 0 AS IDT )

where IDT is the implementation-defined (IV183) exact numeric type with
scale 0 (zero) that is the declared type of the <grouping operation>.

NOTE273—Thus the value of a <groupingoperation> is 0 (zero) if the grouping column
referenced by the <grouping operation> is among the GCRi,j and 1(one) if it is not.

C) Let GSSQLi be:

SELECT QSSQ SLNEW
FC
WC
GROUP BY GCRi,1, ..., GCRi,n(i)
HCNEW

2) If GSi is an <empty grouping set>, then:

A) Transform SL2 to obtain SLNEW, and transform HC to obtain HCNEW, as
follows.

For every k, 1 ≤ k ≤ p:

I) Replace each <grouping operation> in SL2 and HC that contains a
<column reference> that references PCk by

CAST ( 1 AS IDT )

where IDT is the implementation-defined (IV183) exact numeric
type with scale 0 (zero) that is the declared type of the <grouping
operation>.

II) Replace each <column reference> in SL2 and HC that references PCk
by

CAST ( NULL AS DTPCk )

B) Let GSSQLi be

SELECT QSSQ SLNEW
FC
WC
GROUP BY ()
HCNEW

n) Let GU be:

GSSQL1
UNION GBSQ
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GSSQL2
UNION GBSQ

...
UNION GBSQ

GSSQLm

o) Let COR be an implementation-dependent (UV132) <correlation name> that is not equivalent
to any other <identifier> contained in QS. QS is equivalent to

SELECT QSSQ ZN1 AS DC1, ..., ZNNDC AS DCNDC
FROM ( GU ) AS COR

Access Rules

None.

General Rules
NOTE 274— As a result of the syntactic transformations specified in the Syntax Rules of this Subclause, only primitive
<group by clause>s are left to consider.

1) If no <where clause> is specified, then let T be the result of the preceding <from clause>; otherwise,
let T be the result of the preceding <where clause>.

2) Case:

a) If there are no grouping columns, then the result of the <group by clause> is the grouped table
consisting of T as its only group.

b) Otherwise, the result of the <group by clause> is a partitioning of the rows of T into the min-
imum number of groups such that, for each grouping column of each group, no two values of
that grouping column are distinct. If the declared type of a grouping column is a user-defined
type and the comparison of that column results in Unknown for two rows of T, then the
assignment of those rows to groups in the result of the <group by clause> is implementation-
dependent (UA053).

3) When a <search condition> or <value expression> is applied to a group, a reference CR to a column
that is functionally dependent on the grouping columns is understood as follows.

Case:

a) If CR is a group-invariant column reference, then it is a reference to the common value in that
column of the rows in that group. If themost specific type of the column is character, datetime
with timezone, or auser-defined type, then thevalue is an implementation-dependent (UV086)
value that is not distinct from the value of the column in each row of the group.

b) Otherwise, CR is a within-group-varying column reference, and as such, it is a reference to the
value of the column in each row of a given group determined by the grouping columns, to be
used to construct the argument source of a <set function specification>.

Conformance Rules

1) Without FeatureT431, “Extended grouping capabilities”, conforming SQL language shall not contain
a <rollup list>.

2) Without FeatureT431, “Extended grouping capabilities”, conforming SQL language shall not contain
a <cube list>.
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3) Without FeatureT431, “Extended grouping capabilities”, conforming SQL language shall not contain
a <grouping sets specification>.

4) Without FeatureT431, “Extended grouping capabilities”, conforming SQL language shall not contain
an <empty grouping set>.

5) Without FeatureT431, “Extended grouping capabilities”, conforming SQL language shall not contain
an <ordinary grouping set> that contains a <grouping column reference list>.

6) Without Feature T432, “Nested and concatenated GROUPING SETS ”, conforming SQL language
shall not contain a <grouping set list> that contains a <grouping sets specification>.

7) Without Feature T432, “Nested and concatenated GROUPING SETS ”, conforming SQL language
shall not contain a <groupby clause> that simply contains a <grouping sets specification>GSSwhere
GSS is not the only <grouping element> simply contained in the <group by clause>.

8) Without FeatureT434, “GROUPBYDISTINCT ”, conforming SQL language shall not contain a <group
by clause> that simply contains a <set quantifier>.

NOTE 275— The Conformance Rules of Subclause 9.12, “Grouping operations”, also apply.
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7.14 <having clause>

Function

Specify a grouped table derived by the elimination of groups that do not satisfy a <search condition>.

Format
<having clause> ::=
HAVING <search condition>

Syntax Rules

1) Let HC be the <having clause>. Let TE be the <table expression> that immediately contains HC. If
TE does not immediately contain a <group by clause>, then “GROUP BY ()” is implicit. Let T be the
descriptor of the table defined by the <group by clause> GBC immediately contained in TE and let
R be the result of GBC.

2) Let G be the set consisting of every column referenced by a <column reference> contained in GBC.

3) Each column reference directly contained in the <search condition> shall be one of the following:

a) An unambiguous reference to a column that is functionally dependent on G.

b) An outer reference.
NOTE 276— The preceding Syntax Rule follows from amore comprehensive one in Subclause 6.7, “<column
reference>”.

4) Each column reference contained in a <query expression> in the<search condition> that references
a column of T shall be one of the following:

a) An unambiguous reference to a column that is functionally dependent on G.

b) Contained in an aggregated argument of a <set function specification>.
NOTE 277— The preceding Syntax Rule follows from amore comprehensive one in Subclause 6.7, “<column
reference>”.

5) The <search condition> shall not contain a <window function> without an intervening <query
expression>.

6) The row type of the result of the <having clause> is the row type RT of T.

Access Rules

None.

General Rules

1) The <search condition> is evaluated for each group of R. The result of the <having clause> is a
grouped table of those groups of R for which the result of the <search condition> is True.
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Conformance Rules

1) Without Feature T301, “Functional dependencies”, in conforming SQL language, each column refer-
ence directly contained in the <search condition> shall be one of the following:

a) An unambiguous reference to a grouping column of T.

b) An outer reference.

2) Without Feature T301, “Functional dependencies”, in conforming SQL language, each column refer-
ence contained in a <query expression> in the <search condition> that references a column of T
shall be one of the following:

a) An unambiguous reference to a grouping column of T.

b) Contained in an aggregated argument of a <set function specification>.
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7.15 <window clause>

Function

Specify one or more window definitions.

Format
<window clause> ::=
WINDOW <window definition list>

<window definition list> ::=
<window definition> [ { <comma> <window definition> }... ]

<window definition> ::=
<new window name> AS <window specification>

<new window name> ::=
<window name>

<window specification> ::=
<left paren> <window specification details> <right paren>

<window specification details> ::=
[ <existing window name> ]
    [ <window partition clause> ]
    [ <window order clause> ]
    [ <window frame clause> ]

<existing window name> ::=
<window name>

<window partition clause> ::=
PARTITION BY <window partition column reference list>

<window partition column reference list> ::=
<window partition column reference>
    [ { <comma> <window partition column reference> }... ]

<window partition column reference> ::=
<column reference> [ <collate clause> ]

<window order clause> ::=
ORDER BY <sort specification list>

<window frame clause> ::=
[ <row pattern measures> ]

<window frame units> <window frame extent>
    [ <window frame exclusion> ]
    [ <row pattern common syntax> ]

<window frame units> ::=
ROWS

| RANGE
| GROUPS

<window frame extent> ::=
<window frame start>

| <window frame between>

<window frame start> ::=

© ISO/IEC 2023 – All rights reserved 463

ISO/IEC 9075-2:2023(E)
7.15 <window clause>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


UNBOUNDED PRECEDING
| <window frame preceding>
| CURRENT ROW

<window frame preceding> ::=
<unsigned value specification> PRECEDING

<window frame between> ::=
BETWEEN <window frame bound 1> AND <window frame bound 2>

<window frame bound 1> ::=
<window frame bound>

<window frame bound 2> ::=
<window frame bound>

<window frame bound> ::=
<window frame start>

| UNBOUNDED FOLLOWING
| <window frame following>

<window frame following> ::=
<unsigned value specification> FOLLOWING

<window frame exclusion> ::=
EXCLUDE CURRENT ROW

| EXCLUDE GROUP
| EXCLUDE TIES
| EXCLUDE NO OTHERS

Syntax Rules

1) Let TE be the <table expression> that immediately contains the <window clause>.

2) <new window name> NWN1 shall not be contained in the scope of another <new window name>
NWN2 such that NWN1 and NWN2 are equivalent.

3) LetWDEF be a <window definition>.

4) Each <column reference> contained in the <window partition clause> or <window order clause>
ofWDEF shall unambiguously reference a column of the derived table T that is the result of TE. A
column referenced in a <window partition clause> is a window partitioning column. Each window
partitioning column is an operand of a grouping operation, and the Syntax Rules and Conformance
Rules of Subclause 9.12, “Grouping operations”, apply.

NOTE 278— If T is a grouped table, then the <column reference>s contained in <window partition clause> or
<window order clause> must reference columns of the grouped table obtained by performing the syntactic trans-
formation in Subclause 7.16, “<query specification>”.

5) For every <window partition column reference> PC,

Case:

a) If <collate clause> is specified, then let CS be the collation identified by <collation name>. The
declared type of the column reference shall be character string. The declared type of PC is that
of its column reference, except thatCS is the declared type collation and the collationderivation
is explicit.

b) Otherwise, the declared type of PC is the declared type of its column reference.

464 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
7.15 <window clause>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


6) IfT is a grouped table, then letGbe the set of grouping columnsofT. Each columnreference contained
in <window clause> that references a column of T shall reference a column that is functionally
dependent on G or be contained in an aggregated argument of a <set function specification>.

NOTE 279— The preceding Syntax Rule follows from a more comprehensive one in Subclause 6.7, “<column refer-
ence>”.

7) A <window clause> shall not contain a <window function> without an intervening <query expres-
sion>.

8) IfWDEF specifies<window framepreceding>, then the<unsignedvalue specification> immediately
contained in <window frame preceding> shall not be the <non-reserved word> UNBOUNDED.

9) IfWDEF specifies <window frame following>, then the <unsigned value specification> immediately
contained in <window frame following> shall not be the <non-reserved word> UNBOUNDED.

NOTE 280— The preceding two rules resolve an ambiguity in which UNBOUNDED could be interpreted either as a
key word or as an <unsigned value specification>. This ambiguity is resolved by requiring the interpretation as a
key word.

10) IfWDEF specifies <window frame between>, then:

a) <window frame bound 1> shall not specify UNBOUNDED FOLLOWING.

b) <window frame bound 2> shall not specify UNBOUNDED PRECEDING.

c) If <window frame bound 1> specifies CURRENT ROW, then <window frame bound 2> shall
not specify <window frame preceding>.

d) If <window framebound1> specifies <window frame following>, then<window framebound
2> shall not specify <window frame preceding> or CURRENT ROW.

11) IfWDEF specifies <window frame extent>, and does not specify <window frame between>, then
letWAGS be the <window frame start>. The <window frame extent> is equivalent to

BETWEEN WAGS AND CURRENT ROW

12) IfWDEF specifies an <existing window name> EWN, then:

a) WDEF shall be within the scope of a <window name> that is equivalent to <existing window
name>.

b) LetWDX be the window structure descriptor identified by EWN.

c) WDEF shall not specify <window partition clause>.

d) IfWDX has a window ordering clause, thenWDEF shall not specify <window order clause>.

e) WDX shall not have a window framing clause.

13) IfWDEF specifies <row pattern measures>, then <row pattern common syntax> shall be specified.

14) IfWDEF specifies <row pattern common syntax> RPCS, then:

a) LetWFC be the <window frame clause> simply contained inWDEF.

b) WFC shall specify <window frame units> that is ROWS.

c) WFC shall specify <window frame between> that contains a <window frame start> that is
CURRENT ROW.

d) IfWFC specifies <window frame exclusion>WFE, thenWFE shall be EXCLUDE NO OTHERS.

e) RPCS shall not contain <circumflex> or <dollar sign>.
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15) IfWDEF’s <window frame clause> specifies <window frame preceding> or <window frame follow-
ing>, then let UVS be the <unsigned value specification> simply contained in the <window frame
preceding> or <window frame following>.

Case:

a) If RANGE is specified, then:

i) Case:

1) IfWDEF contains <window order clause>WOC, then letWDEFOC beWOC.

2) Otherwise,WDEF shall specify an <existing window name> that identifies a win-
dow structure descriptor that includes a window ordering clauseWOGC. Let
WDEFOC beWOGC.

ii) WDEFOC shall contain a single <sort key> SK.

iii) The declared type of SK shall be numeric, datetime, or interval. The declared type of
UVS shall be numeric if the declared type of SK is numeric; otherwise, it shall be an
interval type thatmaybe added to or subtracted from thedeclared typeof SK according
to the Syntax Rules of Subclause 6.42, “<datetime value expression>”, and
Subclause 6.44, “<interval value expression>”, in this document.

b) If ROWS is specified, then the declared type of UVS shall be exact numeric with scale 0 (zero).

c) If GROUPS is specified, then:

i) EitherWDEF shall contain a <windoworder clause>, orWDEF shall specify an <existing
window name> that identifies a window structure descriptor that includes a window
ordering clause.

ii) The declared type of UVS shall be exact numeric with scale 0 (zero).

16) The scope of the <new window name> simply contained inWDEF consists of any <window defini-
tion>s that followWDEF in the <window clause>, together with the <select list> of the <query
specification> that simply contains the<windowclause>. If the<windowclause> is simply contained
in a <query specification> that is the <query expression body> of a <query expression> that is a
simple table query, then the scope of <new window name> also includes the <order by clause>, if
any, of that <query expression>.

17) Two window structure descriptorsWD1 andWD2 are order-equivalent if and only if all of the fol-
lowing are true:

a) LetWPCR1i, 1 (one) ≤ i ≤ N1, andWPCR2i, 1 (one) ≤ i ≤ N2, be enumerations of the <window
partition column reference>s contained in thewindow partitioning clauses ofWD1 andWD2,
respectively, in order from left to right. N1 = N2, and, for all i,WPCR1i andWPCR2i are
equivalent column references.

b) Let SS1i, 1 (one)≤ i≤M1, and SS2i, 1 (one)≤ i≤M2, be enumerations of the<sort specification>s
contained in the window ordering clauses ofWD1 andWD2, respectively, in order from left
to right.M1 =M2, and, for all i, SS1i and SS2i contain <sort key>s that are equivalent column
references, specify or imply the same <ordering specification>, specify or imply the same
<collate clause>, if any, and specify or imply the same <null ordering>.

Access Rules

None.
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General Rules

1) Let SL be the <select list> of the <query specification> or <select statement: single row> that
immediately contains TE.

Case:

a) If SL does not simply contain a <window function>, then the <window clause> is disregarded,
and the result of TE is the result of the last <from clause>, <where clause>, <group by clause>
or <having clause> of TE.

b) Otherwise, let RTE be the result of the last <from clause> or <where clause> simply contained
in TE.

NOTE 281— Although it is permissible to have a <group by clause> or a <having clause> with a <window
clause>, if there are any <window function>s, then the <group by clause> and <having clause> are removed
by a syntactic transformation in Subclause 7.16, “<query specification>”, and so are not considered here.

i) Awindow structure descriptorWDESC is created for each <windowdefinition>WDEF,
as follows:

1) WDESC’s window name is the <new window name> simply contained inWDEF.

2) If <existing window name> is specified, then let EWN be the <existing window
name>simply contained inWDEFand letWDXbe thewindowstructuredescriptor
identified by EWN.

3) If <existing window name> is specified and the window ordering clause ofWDX
is present, then the ordering window name ofWDESC is EWN; otherwise, there
is no ordering window name.

4) Case:

A) IfWDEF simply contains <window partition clause>WDEFWPC, then
WDESC’s window partitioning clause isWDEFWPC.

B) If <existingwindowname> is specified, thenWDESC’s windowpartitioning
clause is the window partitioning clause ofWDX.

C) Otherwise,WDESC has no window partitioning clause.

5) Case:

A) IfWDEF simply contains <windoworder clause>WDEFWOC, thenWDESC’s
window ordering clause isWDEFWOC.

B) If <existing window name> is specified, thenWDESC’s window ordering
clause is the window ordering clause ofWDX.

C) Otherwise,WDESC has no window ordering clause.

6) Case:

A) IfWDEF simply contains <window frame clause>WDEFWFC, thenWDESC’s
window framing clause isWDEFWFC.

B) Otherwise,WDESC has no window framing clause.

7) IfWDEF simply contains <row pattern common syntax>, thenWDESC’s window
rowpattern recognition clauses are the<rowpatternmeasures>and<rowpattern
common syntax> simply contained inWDEF; otherwise,WDESC has no window
row pattern recognition clauses.
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ii) The result of <window clause> is RTE, togetherwith thewindow structure descriptors
defined by the <window clause>.

2) LetWD be a window structure descriptor.

3) WD defines, for each row R of RTE, thewindow partition of R underWD, consisting of the collection
of rows of RTE that are not distinct from R in the window partitioning columns ofWD. IfWD has
no window partitioning clause, then the window partition of R is the entire result RTE.

4) WD also defines the window ordering of the rows of each window partition defined byWD,
according to the General Rules of Subclause 10.10, “<sort specification list>”, using the <sort spe-
cification list> simply contained inWD’s window ordering clause. IfWD has no window ordering
clause, then the window ordering is implementation-dependent (US034), and all rows are peers.
Although the window ordering of peer rows within a window partition is implementation-
dependent (US035), the window ordering shall be the same for all window structure descriptors
that are order-equivalent. It shall also be the same for any pair of windowsW1 andW2 such that
W1 is the ordering window forW2.

5) WD also defines for each row R of RTE the full window frameWF of R, consisting of a collection of
rows.WF is defined as follows.

Case:

a) IfWD has no window framing clause, then

Case:

i) If the window ordering clause ofWD is not present, thenWF is the window partition
of R.

ii) Otherwise,WF consists of all rows of the window partition of R that precede R or are
peers of R in the window ordering of the window partition defined by the window
ordering clause.

b) Otherwise, letWF initially be thewindowpartition ofRdefinedbyWD. LetWFCbe thewindow
framing clauseofWD. LetWFB1be the<window framebound1>and letWFB2be the<window
frame bound 2> contained inWFC.

i) Case:

1) If RANGE is specified, then:

A) In the following subrules, when performing addition or subtraction to
combine a datetime and a year-month interval, if the result would raise the
exception condition data exception— datetime field overflow (22008)
because the <primary datetime field> DAY is not valid for the computed
valueof the<primarydatetimefield>sYEARandMONTH, then the<primary
datetime field> DAY is set to the last day that is valid for the <primary dat-
etime field>s YEAR and MONTH, and no exception condition is raised.

B) Case:
NOTE 282— In the following subrules, ifWFB1 specifies UNBOUNDED PRECEDING,
then no rows are removed fromWF by this step.WFB1 is not permitted to be
UNBOUNDED FOLLOWING.

I) IfWFB1 specifies <window frame preceding>, then let V1P be the
value of the <unsigned value specification>.

Case:
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1) If V1P is negative or the null value, then an exception condition
is raised: data exception— invalid preceding or following size
in window function (22013).

2) Otherwise, let SK be the only <sort key> contained in the win-
dow ordering clause ofWD. Let VSK be the value of SK for the
current row.

Case:

a) If VSK is the null value and if NULLS LAST is specified or
implied, then remove fromWF all rows R2 such that the
value of SK in row R2 is not the null value.

b) If VSK is not the null value, then:

i) If NULLS FIRST is specified or implied, then
remove fromWF all rows R2 such that the value
of SK in row R2 is the null value.

ii) Case:

1) If the <ordering specification> contained in
the window ordering clause specifies DESC,
then let BOUND be the value VSK+V1P.
Remove fromWF all rows R2 such that the
value of SK in rowR2 is greater thanBOUND.

2) Otherwise, letBOUNDbe thevalueVSK−V1P.
Remove fromWF all rows R2 such that the
value of SK in row R2 is less than BOUND.

II) IfWFB1 specifies CURRENT ROW, then remove fromWF all rows
that are not peers of the current row and that precede the current
row in the window ordering defined byWD.

III) IfWFB1 specifies <window frame following>, then let V1F be the
value of the <unsigned value specification>.

Case:

1) If V1F is negative or the null value, then an exception condition
is raised: data exception— invalid preceding or following size
in window function (22013).

2) Otherwise, let SK be the only <sort key> contained in the win-
dow ordering clause ofWD. Let VSK be the value of SK for the
current row.

Case:

a) If VSK is the null value and if NULLS LAST is specified or
implied, then remove fromWF all rows R2 such that the
value of SK in row R2 is not the null value.

b) If VSK is not the null value, then:

i) If NULLS FIRST is specified or implied, then
remove fromWF all rows R2 such that the value
of SK in row R2 is the null value.
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ii) Case:

1) If the <ordering specification> contained in
the window ordering clause specifies DESC,
then let BOUND be the value VSK−V1F.
Remove fromWF all rows R2 such that the
value of SK in rowR2 is greater thanBOUND.

2) Otherwise, letBOUNDbe the valueVSK+V1F.
Remove fromWF all rows R2 such that the
value of SK in row R2 is less than BOUND.

C) Case:
NOTE 283— In the following subrules, ifWFB2 specifies UNBOUNDED FOLLOWING,
then no rows are removed fromWF by this step.WFB2 is not permitted to be
UNBOUNDED PRECEDING.

I) IfWFB2 specifies <window frame preceding>, then let V2P be the
value of the <unsigned value specification>.

Case:

1) If V2P is negative or the null value, then an exception condition
is raised: data exception— invalid preceding or following size
in window function (22013).

2) Otherwise, let SK be the only <sort key> contained in the win-
dow ordering clause ofWD. Let VSK be the value of SK for the
current row.

Case:

a) If VSK is the null value and if NULLS FIRST is specified or
implied, then remove fromWF all rows R2 such that the
value of SK in row R2 is not the null value.

b) If VSK is not the null value, then:

i) If NULLSLAST is specifiedor implied, then remove
fromWF all rows R2 such that the value of SK in
row R2 is the null value.

ii) Case:

1) If the <ordering specification> contained in
the window ordering clause specifies DESC,
then let BOUND be the value VSK+V2P.
Remove fromWF all rows R2 such that the
value of SK in row R2 is less than BOUND.

2) Otherwise, letBOUNDbe thevalueVSK−V2P.
Remove fromWF all rows R2 such that the
value of SK in rowR2 is greater thanBOUND.

II) IfWFB2 specifies CURRENT ROW, then remove fromWF all rows
following the current row in the ordering defined byWD that are not
peers of the current row.

III) IfWFB2 specifies <window frame following>, then let V2F be the
value of the <unsigned value specification>.
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Case:

1) If V2F is negative or the null value, then an exception condition
is raised: data exception— invalid preceding or following size
in window function (22013).

2) Otherwise, let SK be the only <sort key> contained in the win-
dow ordering clause ofWD. Let VSK be the value of SK for the
current row.

Case:

a) If VSK is the null value and if NULLS FIRST is specified or
implied, then remove fromWF all rows R2 such that the
value of SK in row R2 is not the null value.

b) If VSK is not the null value, then:

i) If NULLSLAST is specifiedor implied, then remove
fromWF all rows R2 such that the value of SK in
row R2 is the null value.

ii) Case:

1) If the <ordering specification> contained in
the <window order clause> specifies DESC,
then let BOUND be the value VSK−V2F.
Remove fromWF all rows R2 such that the
value of SK in row R2 is less than BOUND.

2) Otherwise, letBOUNDbe the valueVSK+V2F.
Remove fromWF all rows R2 such that the
value of SK in rowR2 is greater thanBOUND.

2) If ROWS is specified, then:

A) Case:
NOTE 284— In the following subrules, ifWFB1 specifies UNBOUNDED PRECEDING,
then no rows are removed fromWF by this step.WFB1 is not permitted to be
UNBOUNDED FOLLOWING.

I) IfWFB1 specifies <window frame preceding>, then let V1P be the
value of the <unsigned value specification>.

Case:

1) If V1P is negative or the null value, then an exception condition
is raised: data exception— invalid preceding or following size
in window function (22013).

2) Otherwise, remove fromWF all rows that are more than V1P
rowspreceding the current row in thewindoworderingdefined
byWD.

II) IfWFB1 specifies CURRENT ROW, then remove fromWF all rows
that precede the current row in thewindowordering definedbyWD.

NOTE 285— This step removes any peers of the current row that precede it
in the implementation-dependent window ordering.

III) IfWFB1 specifies <window frame following>, then let V1F be the
value of the <unsigned value specification>.
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Case:

1) If V1F is negative or the null value, then an exception condition
is raised: data exception— invalid preceding or following size
in window function (22013).

2) Otherwise, remove fromWF all rows that precede the current
row and all rows that are less than V1F rows following the
current row in the window ordering defined byWD.

NOTE 286— If V1F is zero, then the current row is not removed from
WF by this step; otherwise, the current row is removed fromWF.

B) Case:
NOTE 287— In the following subrules, ifWFB2 specifies UNBOUNDED FOLLOWING,
then no rows are removed fromWF by this step.WFB2 is not permitted to be
UNBOUNDED PRECEDING.

I) IfWFB2 specifies <window frame preceding>, then let V2P be the
value of the <unsigned value specification>.

Case:

1) If V2P is negative or the null value, then an exception condition
is raised: data exception— invalid preceding or following size
in window function (22013).

2) Otherwise, remove fromWF all rows that follow the current
row and all rows that are less than V2P rows preceding the
current row in the window ordering defined byWD.

NOTE 288— If V2P is zero, then the current row is not removed from
WF by this step; otherwise, the current row is removed fromWF.

II) IfWFB2 specifies CURRENT ROW, then remove fromWF all rows
that follow the current row in the window ordering defined byWD.

NOTE 289— This step removes any peers of the current row that follow it in
the implementation-dependent window ordering.

III) IfWFB2 specifies <window frame following>, then let V2F be the
value of the <unsigned value specification>.

Case:

1) If V2F is negative or the null value, then an exception condition
is raised: data exception— invalid preceding or following size
in window function (22013).

2) Otherwise, remove fromWF all rows that are more than V2F
rows following the current row in thewindoworderingdefined
byWD.

3) If GROUPS is specified, then:

A) The rows of the window partition are placed inwindow ordering groups, as
follows: two rows are in the samewindowordering group if and only if they
arepeerswith regard to the<sort specification list>, according to theGeneral
Rules of Subclause 10.10, “<sort specification list>”.

B) Windowordering groupswithin awindowpartition are ordered as follows:
window ordering groupWOG1 precedes window ordering groupWOG2 if
some row R1 inWOG1 precedes some row R2 inWOG2 in the window
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ordering, according to theGeneral Rules of Subclause10.10, “<sort specific-
ation list>”.

NOTE 290— Since all rows in a window ordering group are peers with regard to the
<sort specification list>, if one row ofWOG1 precedes one row ofWOG2, then all rows
ofWOG1 precede all rows ofWOG2.

C) The distance between two window ordering groupsWOG1 andWOG2 is
number of window ordering groups betweenWOG1 andWOG2, inclusive,
minus 1 (one).

NOTE 291— Thus the distance between a window ordering groupWOG and itself is 1
(one) − 1 (one) = 0 (zero).

D) The current window ordering group is the window ordering group that
contains the current row.

E) Case:
NOTE 292— In the following subrules, ifWFB1 specifies UNBOUNDED PRECEDING,
then no rows are removed fromWF by this step.WFB1 cannot be UNBOUNDED FOL-
LOWING.

I) IfWFB1 specifies <window frame preceding>, then let V1P be the
value of the <unsigned value specification>.

Case:

1) If V1P is negative or the null value, then an exception condition
is raised: data exception— invalid preceding or following size
in window function (22013).

2) Otherwise, remove fromWF all rows whose window ordering
group precedes the current window ordering group by a dis-
tance greater than V1P.

II) IfWFB1 specifies CURRENT ROW, then remove fromWF all rows in
all windowordering groups preceding the currentwindowordering
group.

NOTE 293— Thus CURRENT ROW is equivalent to 0 PRECEDING.

III) IfWFB1 specifies <window frame following>, then let V1F be the
value of the <unsigned value specification>.

Case:

1) If V1F is negative or the null value, then an exception condition
is raised: data exception— invalid preceding or following size
in window function (22013).

2) Otherwise, remove fromWF all rows whose window ordering
group precedes the current window ordering group, and all
rows whose window ordering group follows the current win-
dow ordering group by a distance less than V1F. If V1F is posit-
ive, then also remove all rows of the current window ordering
group fromWF.

F) Case:
NOTE 294— In the following subrules, ifWFB2 specifies UNBOUNDED FOLLOWING,
then no rows are removed fromWF by this step.WFB2 cannot be UNBOUNDED PRE-
CEDING.
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I) IfWFB2 specifies <window frame preceding>, then let V2P be the
value of the <unsigned value specification>.

Case:

1) If V2P is negative or the null value, then an exception condition
is raised: data exception— invalid preceding or following size
in window function (22013).

2) Otherwise, remove fromWF all rows whose window ordering
group precedes the current window ordering group by a dis-
tance less thanV2P, and all rowswhosewindowordering group
follows the current window ordering group. If V2P is positive,
also remove all rows of the current window ordering group
fromWF.

II) IfWFB2 specifies CURRENT ROW, then remove fromWF all rows in
all window ordering groups following the current window ordering
group.

NOTE 295— Thus CURRENT ROW is equivalent to 0 FOLLOWING.

III) IfWFB2 specifies <window frame following>, then let V2F be the
value of the <unsigned value specification>.

Case:

1) If V2F is negative or the null value, then an exception condition
is raised: data exception— invalid preceding or following size
in window function (22013).

2) Otherwise, remove fromWF all rows whose window ordering
group follows the currentwindowordering groupby adistance
greater than V2F.

ii) If <window frame exclusion>WFE is specified, then

Case:

1) If EXCLUDE CURRENT ROW is specified and the current row is still a member of
WF, then remove the current row fromWF.

2) If EXCLUDE GROUP is specified, then remove the current row and any peers of
the current row fromWF.

3) If EXCLUDE TIES is specified, then remove any rows other than the current row
that are peers of the current row fromWF.

NOTE 296— If the current row is already removed fromWF, then it remains removed from
WF.

NOTE 297— If EXCLUDE NO OTHERS is specified, then no additional rows are removed fromWF by
this Rule.

6) If <row pattern common syntax> is specified, then:

a) Let NWP be the number of distinct window partitions. LetWPi, 1 (one) ≤ i ≤ NWP, be an enu-
meration of the distinct window partitions.

b) For every row R of RTE, letWF(R) denote the full window frame of R as computed by the
preceding rules.
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c) LetRPCS be the <rowpattern common syntax>. LetRP be the <rowpattern> simply contained
in RPCS, let RPDL be the <row pattern definition list> simply contained in RPCS, let RPSUB be
the <rowpattern subset clause> implied byRPCSby adding the universal rowpattern variable,
and let RPST be the <row pattern skip to> simply contained in RPCS.

d) For all i, 1 (one) ≤ i ≤ NWP:

i) Let NR be the number of rows inWPi. LetWPi = { R1, R2, ..., RNR } be the enumeration
of the rows ofWPi according to the window ordering.

ii) For all j, 1 (one) ≤ j ≤ NR, every row Rj ofWPi is provided a skip indicator, initially set
to False.

iii) For all j, 1 (one) ≤ j ≤ NR,

Case:

1) If the skip indicator of Rj is True, then the window frameWF(Rj) of Rj is emptied
of all rows.

2) Otherwise:

A) TheGeneral Rules of Subclause9.41, “Rowpattern recognition in a sequence
of rows”, are appliedwithWF(Rj) asROWSEQUENCE,RP asPATTERN,RPSUB
as SUBSETS, andRPDL asDEFINES; let SOMbe the SETOFMATCHES returned
from the application of those General Rules.

B) The designated row pattern match of Rj is determined as follows.

Case:

I) If SOM is empty, then there is no designated row pattern match of
Rj.

II) If the <rowpattern initial or seek> contained inRPCS specifies SEEK,
then the designated row pattern match of Rj is the preferred row
pattern match (STR,WF(Rj), k) in SOMwith minimal k.

NOTE 298— The initial row number k is relative to Rj and not to R1. The
numbering begins with 1 (one), not with j. Thus, the row indicated by initial
row number k is Rj+k−1.

III) Otherwise, the designated row pattern match of Rj is the preferred
rowpatternmatch (STR,WF(Rj), 1) in SOMwhose initial rownumber
is 1 (one), if there is such; otherwise, there is no designated row
pattern match of Rj.

C) Let vbe the variable count of STR, as defined in Subclause9.41, “Rowpattern
recognition in a sequence of rows”.

D) Case:

I) If there is no designated row pattern match, then the window frame
WF(Rj) of Rj is emptied of all rows. The skip indicator of Rj is set to
True.

II) Otherwise, the window frameWF(Rj) of Rj is the set of rows { Rb | j
+ k − 1 ≤ b < j + k + v − 1 }.
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NOTE299—These are the rows that aremappedby thedesignated rowpattern
match.

E) If there is a designated row pattern match (STR,WF(Rj), k), then

Case:

I) If v is 0 (zero) or RPST specifies SKIP TO NEXT ROW, then no skip
indicators are set to True.

II) If RPST specifies SKIP PAST LAST ROW, then for every b such that j
< b < j + k + v − 1, the skip indicator of Rb is set to True.

NOTE 300— These are the rows that are mapped by (STR,WF(Rj), k), or are
prior to such rows.

III) IfRPST specifies SKIPTOFIRST<rowpattern skip to variable name>
or specifies or implies SKIP TO LAST <row pattern skip to variable
name>, then let RPV be the row pattern variable identified by the
<rowpattern skip to variable name>. Let { c1, ..., cu } be the collection
of subscripts c such that Rc is mapped to RPV.

NOTE 301—The subscripts c arewithin thewindow partitionWPi, not within
the window frameWF(Rj).

Case:

1) If the collection of subscripts { c1 ... cu } is empty, then an
exception condition is raised: data exception— skip to non-
existent row (2202K).

2) If SKIP TO FIRST is specified, then let t = min { c1, ..., cu }. If t =
k+j−1, then an exception condition is raised: data exception—
skip to first row of match (2202L); otherwise, for every b such
that j < b < t, the skip indicator of Rb is set to True.

3) Otherwise, let t =max { c1, ..., cu }. If t = k+j−1, then an exception
condition is raised: data exception— skip to first row of match
(2202L); otherwise, for every b such that j < b < t, the skip
indicator of Rb is set to True.

Conformance Rules

1) Without FeatureR020, “Rowpattern recognition:WINDOWclause”, <windowspecificationdetails>
shall not contain <row pattern measures> or <row pattern common syntax>.

2) Without Feature T611, “Elementary OLAP operations”, conforming SQL language shall not contain
a <window specification>.

3) Without Feature T612, “Advanced OLAP operations”, conforming SQL language shall not contain a
<window clause>.

4) Without Feature T612, “Advanced OLAP operations”, conforming SQL language shall not contain
an <existing window name>.

5) Without Feature T301, “Functional dependencies”, in conforming SQL language, if T is a grouped
table, then each column reference contained in <windowclause> that references a columnofT shall
be a reference to a grouping column of T or be contained in an aggregated argument of a <set
function specification>.
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6) Without Feature T612, “Advanced OLAP operations”, conforming SQL language shall not contain a
<window frame exclusion>.

NOTE 302— The Conformance Rules of Subclause 9.12, “Grouping operations”, also apply.

7) Without Feature T620, “WINDOW clause: GROUPS option”, conforming SQL language shall not
contain <window frame units> that specifies GROUPS.
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7.16 <query specification>
This Subclause is modified by Subclause 7.2, “<query specification>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 7.2, “<query specification>”, in ISO/IEC 9075-15.
This Subclause is modified by Subclause 7.2, “<query specification>”, in ISO/IEC 9075-16.

Function

Specify a table derived from the result of a <table expression>.

Format
<query specification> ::=
SELECT [ <set quantifier> ] <select list> <table expression>

<select list> ::=
<asterisk>

| <select sublist> [ { <comma> <select sublist> }... ]

16 <select sublist> ::=
<derived column>

| <qualified asterisk>

<qualified asterisk> ::=
<asterisked identifier chain> <period> <asterisk>

| <all fields reference>

<asterisked identifier chain> ::=
<asterisked identifier> [ { <period> <asterisked identifier> }... ]

<asterisked identifier> ::=
<identifier>

<derived column> ::=
<value expression> [ <as clause> ]

<as clause> ::=
[ AS ] <column name>

<all fields reference> ::=
<value expression primary> <period> <asterisk>
    [ AS <left paren> <all fields column name list> <right paren> ]

<all fields column name list> ::=
<column name list>

Syntax Rules

1) Let QS be the <query specification>.

2) Let T be the result of the <table expression> simply contained in QS.

3) Let TQS be the result of QS.

4) The degree of the table specified by a <query specification> is equal to the cardinality of the <select
list>.

5) Let C be some column. Let DCi, for i ranging from 1 (one) to the number of <derived column>s, be
the i-th <derived column> simply contained in the <select list> of QS.
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For all i, C is an underlying column of DCi, and of any column reference that identifies DCi, if C
is an underlying column of the <value expression> of DCi, or C is an underlying column of the
<table expression> immediately contained in QS.

a)

b) For all i, C is a generally underlying column of DCi, and of any column reference that identifies
DCi, if C is a generally underlying column of the <value expression> of DCi, or C is a generally
underlying column of the <table expression> immediately contained in QS.

6) Each column reference contained in a <window function> shall unambiguously reference a column
of T.

7) Case:

a) If the <select list> “*” is simply contained in a <table subquery> that is immediately contained
in an <exists predicate>, then the <select list> is equivalent to a <value expression> that is an
arbitrary <literal>.

b) Otherwise, the <select list> “*” is equivalent to a <value expression> sequence in which each
<value expression> is a column reference that references a column of T and each column of
T is referenced exactly once. The columns are referenced in the ascending sequence of their
ordinal position within T.

8) If a <set quantifier> DISTINCT is specified, then each column of T is an operand of a grouping
operation. The Syntax Rules and Conformance Rules of Subclause 9.12, “Grouping operations”,
apply.

9) The ambiguous case of an <all fields reference> whose <value expression primary> takes the form
of an <asterisked identifier chain> shall be analyzed first as an <asterisked identifier chain> to
resolve the ambiguity.

10) If <asterisked identifier chain> is specified, then:

a) Let IC be an <asterisked identifier chain>.

b) Let N be the number of <asterisked identifier>s immediately contained in IC.

c) Let Ii, 1 (one) ≤ i ≤ N, be the <asterisked identifier>s immediately contained in IC, in order
from left to right.

d) Let PIC1 be I1. For each J between 2 and N, let PICJ be PICJ−1.IJ. PICJ is called the J-th partial
identifier chain of IC.

e) LetM be the minimum of N and 3.

f) For at most one J between 1 andM, PICJ is called the basis of IC, and J is called the basis length
of IC. The referent of the basis is a table T, a column C of a table, or an SQL parameter SP. The
basis and basis scope of IC are defined in terms of a candidate basis, according to the following
rules:

i) 04 If IC is contained in the scope of a <routine name>whose associated <SQL parameter
declaration list> includes an SQL parameter SPwhose <SQL parameter name> is
equivalent to I1, then PIC1 is a candidate basis of IC, and the scope of PIC1 is the scope
of SP.

ii) If N = 2 and PIC1 is equivalent to the <qualified identifier> of a <routine name> RN
whose scope contains IC and whose associated <SQL parameter declaration list>
includes an SQL parameter SPwhose <SQL parameter name> is equivalent to I2, then
PIC2 is a candidate basis of IC, the scope of PIC2 is the scope of SP, and the referent of
PIC2 is SP.
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iii) If N > 2 and PIC1 is equivalent to the <qualified identifier> of a <routine name> RN
whose scope contains IC and whose associated <SQL parameter declaration list>
includes a refinable SQL parameter SPwhose <SQL parameter name> is equivalent to
I2, then PIC2 is a candidate basis of IC, the scope of PIC2 is the scope of SP, and the ref-
erent of PIC2 is SP.

iv) If N = 2 and PIC1 is equivalent to an exposed <correlation name> that is in scope, then
let EN be the exposed <correlation name> that is equivalent to PIC1 and has innermost
scope. If the table associated with EN has a column C of row type whose <identifier>
is equivalent to I2, then PIC2 is a candidate basis of IC and the scope of PIC2 is the scope
of EN.

v) If N > 2 and PIC1 is equivalent to an exposed <correlation name> that is in scope, then
let EN be the exposed <correlation name> that is equivalent to PIC1 and has innermost
scope. If the table associated with EN has a refinable column Cwhose <identifier> is
equivalent to I2, then PIC2 is a candidate basis of IC and the scope of PIC2 is the scope
of EN.

vi) If N ≤ 3 and PICN is equivalent to an exposed <table or query name> that is in scope,
then let EN be the exposed <table or query name> that is equivalent to PICN and has
the innermost scope. PICN is a candidate basis of IC, and the scope of PICN is the scope
of EN.

vii) There shall be exactly one candidate basis CBwith innermost scope. The basis of IC is
CB. The basis scope is the scope of CB.

g) Case:

i) If the basis is a <table or query name> or <correlation name>, then let TQ be the table
associated with the basis. The <select sublist> is equivalent to a <value expression>
sequence in which each <value expression> is a column reference CR that references
a column of TQ that is not a common column of a <joined table>. Each column of TQ
that is not a common column shall be referenced exactly once. The columns shall be
referenced in the ascending sequence of their ordinal positions within TQ.

ii) Otherwise let BL be the length of the basis of IC.

Case:

1) If BL = N, then the <select sublist> IC.* is equivalent to  (IC).*.

2) Otherwise, the <select sublist> IC.* is equivalent to:

 ( PICBL ).IBL+1.... .IN.*

NOTE 303—The equivalent syntax in either case will be analyzed as <all fields reference> ::=
<value expression primary> <period> <asterisk>

11) The data type of the <value expression primary>VEP specified in an <all fields reference>AFR shall
be some row type VER. Let n be the degree of VER. Let F1, ..., Fn be the field names of VER.

Case:

a) If <all fields columnname list>AFCNL is specified, then thenumber of <columnname>s simply
contained in AFCNL shall be n. Let AFCNi, 1 (one) ≤ i ≤ n, be these <column name>s in order
from left to right. AFR is equivalent to

VEP.F1 AS AFCN1,
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...,
VEP.Fn AS AFCNn

b) Otherwise, AFR is equivalent to:

VEP.F1,
...,
VEP.Fn

12) If and only if all of the following are true, then QS is a grouped, windowed query:

a) T is a grouped table.

b) Some <derived column> simply contained in QS simply contains a <window function>.

13) Case:

a) IfQS is a grouped, windowed query, then the Syntax Rules of Subclause 9.20, “Transformation
of query specifications”, are applied with QS as QUERY SPEC IN; let XQS be the QUERY SPEC
OUT returned from the application of those Syntax Rules.

b) Otherwise, let XQS be QS.

14) If <table expression> does not immediately contain a <group by clause> and <table expression> is
simply contained in a <query specification> that is the aggregation query of some <set function
specification>, then GROUP BY () is implicit.

NOTE 304— “aggregation query” is defined in Subclause 6.9, “<set function specification>”.

15) If T is a grouped table, then let G be the set of grouping columns of T. In each <value expression>
contained in <select list>, each column reference that references a columnofT shall reference some
column C that is functionally dependent on G or shall be contained in an aggregated argument of a
<set function specification> whose aggregation query is XQS.

NOTE 305— The preceding Syntax Rule follows from a more comprehensive one in Subclause 6.7, “<column refer-
ence>”.

16) Each column of TQS has a column descriptor that includes a data type descriptor that is the same
as the data type descriptor of the <value expression> simply contained in the <derived column>
defining that column.

17) Case:

a) If the i-th <derived column> in the<select list> specifies an<as clause> that contains a <column
name> CN, then the <column name> of the i-th column of the result is CN.

b) If the i-th <derived column> in the <select list> does not specify an <as clause> and the <value
expression> of that <derived column> is a single column reference, then the <column name>
of the i-th column of the result is the <column name> of the column designated by the column
reference.

c) 04 If the i-th <derived column> in the <select list> does not specify an <as clause> and the
<value expression> of that <derived column> is a single SQL parameter reference, then the
<column name> of the i-th column of the result is the <SQL parameter name> of the SQL
parameter designated by the SQL parameter reference.

d) Otherwise, the <column name> of the i-th column of the <query specification> is implemen-
tation-dependent (UV087).

18) A columnCofTQS is readily knownnot null ifC is defined (after performing syntactic transformations
to eliminate <asterisk> and<qualified asterisk>), by a <derived column> that immediately contains
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a <value expression> that is a <column reference> CR such that the column referenced by CR is a
readily known not null column of the qualifying table of CR.

19) A column CKNN of TQS is known not null if and only if at least one of the following is true:

a) CKNN is readily known not null.

b) The SQL-implementation supports Feature T101, “Enhanced nullability determination” and
CKNN is not defined by a <derived column> containing any of the following:

i) A column reference for a column C that is possibly nullable.

ii) An <indicator parameter>.

iii) An <indicator variable>.

iv) 04A <dynamic parameter specification>.

v) An SQL parameter.

vi) A <routine invocation>, <method reference>, or <method invocation> whose subject
routine is an SQL-invoked routine that either is an SQL routine or is an external routine
that specifies or implies PARAMETER STYLE SQL.

vii) A <query expression>.

viii) CAST ( NULL AS X ) (where X represents a <data type> or a <domain name>).

ix) A <window function>whose <window function type> does not contain <rank function
type>, ROW_NUMBER, or an <aggregate function> that simply contains COUNT.

x) CURRENT_USER, CURRENT_ROLE, or SYSTEM_USER.

xi) A <set function specification> that does not simply contain COUNT.

xii) A <case expression>.

xiii) A <field reference>.

xiv) 15An <array element reference>.

xv) A <multiset element reference>.

xvi) A <dereference operation>.

xvii) A <reference resolution>.

xviii) A <comparison predicate>, <between predicate>, <in predicate>, or <quantified com-
parison predicate> P such that the declared type of a field of a <row value predicand>
that is simply contained in P is a row type, a user-defined type, an array type, or a
multiset type.

xix) A <member predicate>.

xx) A <submultiset predicate>.

c) An implementation-defined (IE016) rule by which the SQL-implementation can correctly
deduce that the value of the column cannot be null.

20) After applying all relevant syntactic transformations, let TREF be the <table reference>s that are
simply contained in the <from clause> of the <table expression>. The simply underlying table spe-
cifications of the <query specification> are the <table or query name>s and <query expression>s
contained in TREFwithout an intervening <query expression> or <data change delta table>.

482 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
7.16 <query specification>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


NOTE 306—Underlying tables are only used in rules regarding views and SQL-data change statements. Since <data
change delta table> is not permitted in such contexts, <data change delta table> is omitted from the analysis of
underlying table specifications.

21) The terms key-preserving and one-to-one are defined as follows:

a) Let UT denote some simply underlying table specification of XQS, let UTCOLS be the set of
columns of UT, let QSCOLS be the set of columns of XQS, and let QSCN be an exposed range
variable for UTwhose scope clause is XQS.

b) XQS is said to be key-preserving with respect to UT if there is some strong candidate key CKUT
of UT such that every member of CKUT has some counterpart under QSCN in QSCOLS.

NOTE 307— “strong candidate key” is defined in Subclause 4.27, “Candidate keys”.

NOTE 308— “Counterpart” is defined in Subclause 4.26.2, “General rules and definitions”. It follows from this
condition that every row in XQS corresponds to exactly one row in UT, namely that row in UT that has the
same combined value in the columns of CKUT as the row in XQS. There can be more than one row in XQS that
corresponds to a single row in UT.

c) XQS is said to be one-to-one with respect to UT if and only if XQS is key-preservingwith respect
to UT, UT is generally updatable, and there is some strong candidate key CKQS of XQS such
that every member of CKQS is a counterpart under UT of some member of UTCOLS.

NOTE 309— It follows from this condition that every row in UT corresponds to at most one row in XQS,
namely that row in XQS that has the same combined value in the columns of CKQS as the row in UT.

22) A <query specification> is potentially updatable if and only if all of the following are true:

a) XQS does not immediately contain a <set quantifier> that specifies DISTINCT.

b) Of those <derived column>s in the <select list> that are column references that have a coun-
terpart in a base table, no column of a table is referenced more than once in the <select list>.

c) The <table expression> immediately contained in XQS does not simply contain an explicit or
implicit <group by clause> or a <having clause>.

d) The <table expression> immediately contained in QS does not simply contain an explicit or
implicit <query system time period specification> that does not specify FOR SYSTEM_TIME
AS OF CURRENT_TIMESTAMP.

e) The <table expression> immediately contained in XQS does not generally contain a <data
change delta table>.

23) If a <query specification> XQS is potentially updatable, then

Case:

a) If the <from clause> of the <table expression> specifies exactly one <table reference>, then a
column of XQS is said to be a potentially updatable column if it has a counterpart in TR that is
updatable.

NOTE 310— The notion of updatable columns of table references is defined in Subclause 7.6, “<table refer-
ence>”.

b) Otherwise, a column of XQS is said to be a potentially updatable column if it has a counterpart
in some updatable column of some simply underlying table specification UT of XQS such that
XQS is one-to-one with respect to UT.

24) A <query specification> is generally updatable if it is potentially updatable and it has at least one
potentially updatable column.

25) A <query specification> XQS is simply updatable if and only if all of the following are true:

a) XQS is generally updatable.
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b) The <from clause> immediately contained in the <table expression> immediately contained
in XQS contains exactly one <table reference>, and the table referenced by that <table refer-
ence> is simply updatable.

c) Every result column of XQS is potentially updatable.

d) If the<table expression> immediately contained inXQS immediately contains a<where clause>
WC, then no leaf generally underlying table of XQS is a leaf generally underlying table of any
<query expression> contained inWC.

26) A <query specification> XQS is effectively updatable if either XQS is simply updatable or if the SQL-
implementation supports FeatureT111, “Updatable joins, unions, and columns” andXQS is generally
updatable.

27) Let EQS be an effectively updatable <query specification>, and let SUT be a simply underlying table
specification of EQS. SUT is a target simply underlying table specification of EQS if and only if at least
one of the following is true:

a) EQS is simply updatable.

b) EQS is one-to-one with SUT.

28) A <query specification> IQS is insertable-into if IQS is effectively updatable and every simply
underlying table specification of IQS is insertable-into.

29) A column C of XQS is updatable if and only if at least one of the following is true:

a) XQS is simply updatable.

b) XQS is generally updatable, C is potentially updatable, and the SQL-implementation supports
Feature T111, “Updatable joins, unions, and columns”.

30) The row type RT of TQS is defined by the sequence of (<field name>, <data type>) pairs indicated
by the sequence of column descriptors of TQS taken in order.

Access Rules

None.

General Rules

1) Case:

a) If T is not a grouped table, then each <value expression> is applied to each row of T yielding
a table TEMP ofM rows, whereM is the cardinality of T. The i-th column of the table contains
the values derived by the evaluation of the i-th <value expression>.

b) If T is a grouped table, then

Case:

i) If T has 0 (zero) groups, then let TEMP be an empty table.

ii) If T has one or more groups, then each <value expression> is applied to each group of
T yielding a table TEMP ofM rows, whereM is the number of groups in T. The i-th
column of TEMP contains the values derived by the evaluation of the i-th <value
expression>. When a <value expression> is applied to a given group of T, that group is
the argument source of each <set function specification> whose aggregation query is
QS.
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2) Case:

a) If the <set quantifier> DISTINCT is not specified, then the result of the <query specification>
is TEMP.

b) If the <set quantifier> DISTINCT is specified, then the result of the <query specification> is
the table derived from TEMP by the elimination of all redundant duplicate rows. If the most
specific type of any column is character string, datetime with time zone, or a user-defined
type, then the precise values in those columns are chosen in an implementation-dependent
(UV088) fashion.

Conformance Rules

1) Without Feature F801, “Full set function”, conforming SQL language shall not contain a <query
specification> QS that contains more than one <set quantifier> containing DISTINCT, unless such
<set quantifier> is contained in a <query expression> contained in QS.

2) Without Feature T051, “Row types”, conforming SQL language shall not contain an <all fields refer-
ence>.

3) Without Feature T301, “Functional dependencies”, in conforming SQL language, if T is a grouped
table, then in each <value expression> contained in the <select list>, each <column reference> that
references a columnofT shall reference a grouping columnorbe specified in anaggregatedargument
of a <set function specification>.

4) Without Feature T325, “Qualified SQL parameter references”, conforming SQL language shall not
contain an <asterisked identifier chain> whose referent is an SQL parameter and whose first
<identifier> is the <qualified identifier> of a <routine name>.

5) Without Feature T053, “Explicit aliases for all-fields reference”, conforming SQL language shall not
contain an <all fields column name list>.

NOTE 311— If a <set quantifier> DISTINCT is specified, then the Conformance Rules of Subclause 9.12, “Grouping
operations”, also apply.

6) 04 16Without Feature T285, “Enhanced derived column names”, in conforming SQL language, if any
<derived column> in a <select list> does not specify an <as clause> and the <value expression> of
that <derived column> is not a single column reference, then the <column name> of that column is
implementation-dependent (UV087).
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7.17 <query expression>
This Subclause is modified by Subclause 7.2, “<query expression>”, in ISO/IEC 9075-14.

Function

Specify a table.

Format
<query expression> ::=
[ <with clause> ] <query expression body>
    [ <order by clause> ] [ <result offset clause> ] [ <fetch first clause> ]

14 <with clause> ::=
WITH [ RECURSIVE ] <with list>

<with list> ::=
<with list element> [ { <comma> <with list element> }... ]

<with list element> ::=
<query name> [ <left paren> <with column list> <right paren> ]

AS <table subquery> [ <search or cycle clause> ]

<with column list> ::=
<column name list>

<query expression body> ::=
<query term>

| <query expression body> UNION [ ALL | DISTINCT ]
    [ <corresponding spec> ] <query term>

| <query expression body> EXCEPT [ ALL | DISTINCT ]
    [ <corresponding spec> ] <query term>

<query term> ::=
<query primary>

| <query term> INTERSECT [ ALL | DISTINCT ]
    [ <corresponding spec> ] <query primary>

<query primary> ::=
<simple table>

| <left paren> <query expression body>
    [ <order by clause> ] [ <result offset clause> ] [ <fetch first clause> ]
<right paren>

<simple table> ::=
<query specification>

| <table value constructor>
| <explicit table>

<explicit table> ::=
TABLE <table or query name>

<corresponding spec> ::=
CORRESPONDING [ BY <left paren> <corresponding column list> <right paren> ]

<corresponding column list> ::=
<column name list>

<order by clause> ::=
ORDER BY <sort specification list>
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<result offset clause> ::=
OFFSET <offset row count> { ROW | ROWS }

<fetch first clause> ::=
FETCH { FIRST | NEXT } [ <fetch first quantity> ] { ROW | ROWS } { ONLY | WITH TIES }

<fetch first quantity> ::=
<fetch first row count>

| <fetch first percentage>

<offset row count> ::=
<simple value specification>

<fetch first row count> ::=
<simple value specification>

<fetch first percentage> ::=
<simple value specification> PERCENT

Syntax Rules

1) Let QE be the <query expression> and let QEBODY be the <query expression body> immediately
contained in QE. Let T be the table specified by QE.

2) If QE simply contains a <data change delta table>, then QEBODY shall be a <query specification>.

3) If <with clause>WC is specified, then:

a) Let n be the number of <with list element>s.

b) For i ranging from 1 (one) to n, letWLEi be the i-th <with list element> ofWL, letWQNi be the
<query name> immediately contained inWLEi, letWQEi be the <query expression> simply
contained inWLEi, and letWQTi be the table defined byWQEi.

c) For each i, 1 (one) ≤ i < n, for each j, i < j ≤ n,WQNj shall not be equivalent toWQNi.

d) For every i, 1(one) ≤ i ≤ n:

i) If any two columns ofWQTi have equivalent names, thenWLEi shall specify a <with
column list>.

ii) IfWLEi specifies a <with column list>WCL, then:

1) Equivalent <column name>s shall not be specified more than once inWCL.

2) The number of <column name>s inWCL shall be the same as the degree ofWQTi.

iii) Every column of a character string type inWQTi shall have a declared type collation.

iv) IfWLEi generally contains a <data change delta table>, then there shall be exactly one
occurrence of <data change delta table> inWLEi.

e) IfWC immediately contains RECURSIVE, thenWC, its <with list>, and its <with list element>s
are said to be potentially recursive. Otherwise, they are said to be non-recursive.

f) A potentially recursive <with list element> shall not contain a <row pattern measures> or
<row pattern common syntax>.

g) A potentially recursive <with list element> shall not generally contain a <data change delta
table>.
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h) A potentially recursive <with list element> shall not contain a potentially recursive <with
list>.

i) Case:

i) IfWC is non-recursive, then, for all i, 1 (one) ≤ i ≤ n, the scope of the <query name>
WQNi is QEBODY andWQEk, i+1 ≤ k ≤ n. A <table or query name> contained in this
scope that is equivalent toWQNi is a query name in scope.

ii) IfWC is potentially recursive, then for all i between 1 (one) and n, the scope ofWQNi
is the QEBODY andWQEk, 1 (one) ≤ k ≤ n. A <table or query name> contained in this
scope that is equivalent toWQNi is a query name in scope.

j) IfWC is potentially recursive, then:

i) Every <with list element> contained inWC shall contain a <with column list>.

ii) The query name dependency graph QNDG ofWC is the directed graph such that:

1) The nodes of QNDG are the <query name>sWQNi, 1 (one) ≤ i ≤ n.

2) Each arc from a nodeWQNi to a nodeWQNj represents the fact thatWQNj is ref-
erencedbya<queryname>contained inWQEi.WQNi is said todepend immediately
onWQNj.

iii) WC is said to be recursive if QNDG contains at least one cycle.

iv) For all i, 1 (one) ≤ i ≤ n, ifWQNi is a member of a cycle of QNDG, thenWLEi,WQNi, and
WQTi are said to be recursive.

v) A subset S of QNDG is strongly connected if either the cardinality of S is 1 (one) or there
is a path from every node of S to every other node of S. A stratum is a maximal strongly
connected subset of QNDG.

NOTE 312— A commonly used synonym for stratum is “strongly connected component”. Note that
any cycle is strongly connected. If C1 and C2 are two strongly connected sets of nodeswith non-empty
intersection, then their union C1 ∪ C2 is also strongly connected. Hence, maximal strongly connected
sets are found by forming unions of overlapping cycles. Every <query name>WQNi belongs to exactly
one stratum; thus the set of strata forms a partitioning of QNDG.

vi) A stratum is recursive if its members are recursive.
NOTE313—IfWQNi is not recursive, then {WQNi} constitutes a (non-recursive) stratum.The converse
is not true; a singleton stratummight be recursive.

vii) For every recursive stratum S = {WQNs(1), ...,WQNs(k) }:

NOTE 314— The subscripts on <query name>s in S are not necessarily consecutive integers. For
example, if a stratum consists of the second, fifth and seventh <query name>s, S = {WQN2,WQN5,
WQN7}, then k = 3, s(1) = 2, s(2) = 5, and s(3) = 7.

1) Among the<query expression>sWQNs(1), ...WQNs(k) corresponding to the<query
name>s in S, there shall be at least one <query expression>, sayWQEj, such that
all of the following are true:

A) WQEj simply contains a <query expressionbody> that immediately contains
UNION.
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B) WQEj has one operand that does not contain a <query name> equivalent to
any <query name> in S. This operand is said to be the non-recursive operand
ofWQEj.

2) WQEj is said to be an anchor expression, andWQNj an anchor name.

viii) Every cycle of QNDG shall contain an anchor name.

ix) IfWLEi is recursive, then:

1) Let S be the stratum that containsWQNi.

2) IfWQEi does not contain a <query specification> that contains more than one
<query name> referencing members of S, thenWLEi is linearly recursive.

NOTE 315— For example, ifWLEi contains the <query specification>

SELECT *
FROM A AS A1, A AS A2

where A is a <query name> in S, thenWLEi is not linearly recursive. The point is that this
<query specification> contains two references tomembers of S. It is irrelevant that they refer-
ence the same member of S.

3) WQEi shall not immediately contain a <fetch first clause>.

4) WQEi shall not contain a <query primary> that contains a <fetch first clause> and
that contains a <query name> that references a <query name> in the stratum of
WQNi.

5) For every <query name>WQNX in S:

A) WQEi shall not contain a <routine invocation>with an <SQL argument list>
that contains one or more <SQL argument>s that immediately contain a
<value expression> that contains a <query name> referencingWQNX.

B) WQEi shall not contain a <query expression> TSQ that contains a <query
name> referencingWQNX, unless TSQ is simply contained in a <derived
table> that is simply contained in a <from clause> that is simply contained
in a <query specification> that constitutes a <simple table> that constitutes
a <query primary> that constitutes a <query term> that is immediately
contained in a <query expression body> that is simply contained inWQEi.

C) WQEi shall not contain a <query specification>QS such thatQS immediately
contains a <table expression>TE that contains a <query name> referencing
WQNX and at least one of the following is true:

I) TE immediately contains a <having clause> that contains a <set
function specification>.

II) QS immediately contains a <select list> SL that contains either a
<window function>, or a <set function specification>, or both.

NOTE316— If a <window function> is contained in an <order by clause>, then
the syntactic transformation in this Subclause that moves the <window func-
tion> to a <select sublist> is effectively applied before applying this rule.

D) WQEi shall not contain a <query expression body> that contains a <query
name> referencingWQNX and simply contains INTERSECT ALL or EXCEPT
ALL.
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E) WQEi shall not contain a<queryexpressionbody> that immediately contains
EXCEPT where the right operand of EXCEPT contains a <query name> ref-
erencingWQNX.

F) WQEi shall not contain a <qualified join> QJ in which:

I) QJ immediately contains a<join type> that specifiesFULLanda<table
reference> or <partitioned join table> that contains a <query name>
referencingWQNX.

II) QJ immediately contains a<join type> that specifiesLEFTanda<table
reference> or <partitioned join table> following the <join type> that
contains a <query name> referencingWQNX.

III) QJ immediately contains a <join type> that specifies RIGHT and a
<table reference> or <partitioned join table> preceding the <join
type> that contains a <query name> referencingWQNX.

G) WQEi shall not contain a <natural join> QJ in which:

I) QJ immediately contains a<join type> that specifiesFULLanda<table
reference>, <table factor>, or <partitioned join table> that contains
a <query name> referencingWQNX.

II) QJ immediately contains a<join type> that specifiesLEFTanda<table
factor> or <partitioned join table> following the <join type> that
contains a <query name> referencingWQNX.

III) QJ immediately contains a <join type> that specifies RIGHT and a
<table reference> or <partitioned join table> preceding the <join
type> that contains a <query name> referencingWQNX.

NOTE 317—The restrictions insure that eachWLEi, viewed as a transformation of the query names
of the stratum, is monotonically increasing. According to Tarski’s fixed point theorem, this insures
that there is a fixed point. The General Rules use Kleene’s fixed point theorem to define a sequence
that converges to the minimal fixed point.

x) IfWLEi is recursive, thenWLEi shall be linearly recursive.

xi) WLEi is said to be expandable if and only if all of the following are true:

1) WLEi is linearly recursive.

2) WQEi is a <query expression body> that immediately contains UNION or UNION
ALL. LetWQEBi be the <query expression body> immediately contained inWQEi.
Let QELi and QTRi be the <query expression body> and the <query term> imme-
diately contained inWQEBi.WQNi shall not be referenced in QELi, and QTRi shall
be a <query specification>.

3) There is no path fromWQNi to any other <query name> in QNDG.

k) If a <with list element>WLE is not expandable, then it shall not immediately contain a <search
or cycle clause>.

4) The <explicit table>

TABLE <table or query name>

is equivalent to the <query specification>
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SELECT * FROM <table or query name>

5) Let set operator be UNION ALL, UNION DISTINCT, EXCEPT ALL, EXCEPT DISTINCT, INTERSECT
ALL, or INTERSECT DISTINCT.

6) If UNION, EXCEPT, or INTERSECT is specified and neither ALL nor DISTINCT is specified, then
DISTINCT is implicit.

7) A<query expression>QE1 is simply updatable ifQE1 is not contained in a<with clause> that specifies
RECURSIVE, QE1 does not specify a <result offset clause> or a <fetch first clause> and, for every
<query expression> or <query specification>QE2 that is simply contained in the <query expression
body> of QE1, all of the following are true:

a) QE1 containsQE2without an intervening <query expression body> that specifies UNIONALL,
UNION DISTINCT, EXCEPT ALL, or EXCEPT DISTINCT.

b) QE1 contains QE2without an intervening <query term> that specifies INTERSECT.

c) QE2 is simply updatable.

8) A<query expression>QE1 isgenerally updatable if it is not contained in a<with clause> that specifies
RECURSIVE, it does not specify a <result offset clause>or a <fetchfirst clause> and, for every <simple
table> QE2 that is simply contained in QE1, all of the following are true:

a) QE2 is not a <table value constructor>.

b) QE1 contains QE2without an intervening <query expression body> that specifies UNION
DISTINCT, EXCEPT ALL, or EXCEPT DISTINCT.

c) If QE1 simply contains a <query expression body> QEB that specifies UNION ALL, then:

i) QEB immediately contains a <query expression body> LO and a <query term> RO such
that no leaf generally underlying table of LO is also a leaf generally underlying table of
RO.

ii) For every column of QEB, the underlying columns in the tables identified by LO and
RO, respectively, are either both updatable or not updatable.

d) QE1 contains QE2without an intervening <query term> that specifies INTERSECT.

e) QE2 is generally updatable.

9) A <query expression>QE is effectively updatable if eitherQE is simply updatable, or ifQE is generally
updatable and the SQL-implementation supports Feature T111, “Updatable joins, unions, and
columns”.

10) A table specifiedby a<queryname> immediately contained in a <with list element>WLE isgenerally
updatable, simply updatable, or effectively updatable if and only if the <query expression> simply
contained inWLE is generally updatable, simply updatable, or effectively updatable, respectively.

11) A <query expression>QE1 is insertable-into if it does not specify a <result offset clause> or a <fetch
first clause> and the <query expression body> ofQE1 is a <query primary> that is one of the follow-
ing:

a) An insertable-into <query specification>.

b) An <explicit table> that contains a <table or query name> that identifies a table that is
insertable-into.

c) Of the form <left paren> <query expression body> <right paren>, where the parenthesized
<query expression body> recursively satisfies this condition.
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12) A table specifiedbya<queryname> immediately contained ina<with list element>WLE is insertable-
into if the <query expression> simply contained inWLE is insertable-into.

13) For every <simple table> ST contained in QE,

Case:

a) If ST is a <query specification> QS, then the column descriptor of each column of ST is the
same as the column descriptor of the corresponding column of QS.

b) If ST is an <explicit table> ET, then the column descriptor of each column of ST is the same as
the column descriptor of the corresponding column of the table identified by the <table or
query name> contained in ET.

c) Otherwise, the column descriptor of each column of ST is the same as the column descriptor
of the corresponding column of the <table value constructor> immediately contained in ST.

14) For every <query primary> QP contained in QE,

Case:

a) If QP is a <simple table> ST, then the column descriptor of each column of QP is the same as
the column descriptor of the corresponding column of ST.

b) Otherwise, the column descriptor of each column of QP is the same as the column descriptor
of the corresponding column of the <query expression body> immediately contained in QP.

15) If a set operator is specified in a <query term> or a <query expression body>, then:

a) Let T1, T2, and TR be respectively the first operand, the second operand, and the result of the
<query term> or <query expression body>.

b) Let TN1 and TN2 be the effective names for T1 and T2, respectively.

c) If the set operator is UNION DISTINCT, EXCEPT ALL, EXCEPT DISTINCT, INTERSECT ALL, or
INTERSECT DISTINCT, then each column of T1 and T2 is an operand of a grouping operation.
The Syntax Rules and Conformance Rules of Subclause 9.12, “Grouping operations”, apply.

16) If a set operator is specified in a <query term> or a <query expression body>, then let OP be the set
operator.

Case:

a) If CORRESPONDING is specified, then:

i) Within the columns ofT1, equivalent <columnname>s shall not be specifiedmore than
once and within the columns of T2, equivalent <column name>s shall not be specified
more than once.

ii) At least one column of T1 shall have a <column name> that is the <column name> of
some column of T2.

iii) Case:

1) If <corresponding column list> is not specified, then let SL be a <select list> of
those <column name>s that are <column name>s of both T1 and T2 in the order
that those <column name>s appear in T1.

2) If <corresponding column list> is specified, then let SL be a <select list> of those
<column name>s explicitly appearing in the <corresponding column list> in the
order that these <column name>s appear in the <corresponding column list>.
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Every <column name> in the <corresponding column list> shall be a <column
name> of both T1 and T2.

iv) The <query term> or <query expression body> is equivalent to:

( SELECT SL FROM TN1 ) OP ( SELECT SL FROM TN2 )

b) If CORRESPONDING is not specified, then T1 and T2 shall be of the same degree.

17) If a <query term> is a <query primary>, then the declared type of the <query term> is that of the
<query primary>. The column descriptor of the i-th column of the <query term> is the same as the
column descriptor of the i-th column of the <query primary>.

18) If a <query term> immediately contains INTERSECT, then:

a) Let C be the <column name> of the i-th column of T1. If the <column name> of the i-th column
ofT2 isC, then the <columnname>of the i-th columnofTR isC; otherwise, the <columnname>
of the i-th column of TR is implementation-dependent (UV089).

b) The Syntax Rules of Subclause 9.5, “Result of data type combinations”, are applied with the
set comprising the declared type of the i-th column of T1 and the declared type of the i-th
columnofT2 asDTSET; let the declared type of the i-th columnofTR be theRESTYPE returned
from the application of those Syntax Rules.

c) If the SQL-implementation supports Feature T101, “Enhanced nullability determination” and
the i-th column of at least one of T1 and T2 is known not nullable, then the i-th column of TR
is known not nullable; otherwise, the i-th column of TR is possibly nullable.

19) Case:

a) If a <query expression body> is a <query term>, then the column descriptors of the <query
expression body> are the same as the column descriptors of the <query term>.

b) If a <query expression body> immediately contains UNION or EXCEPT, then:

i) Let C be the <column name> of the i-th column of T1. If the <column name> of the i-th
column of T2 is C, then the <column name> of the i-th column of TR is C; otherwise, the
<column name> of the i-th column of TR is implementation-dependent (UV089).

ii) Case:

1) If TR is not the result of an anchor expression, then the Syntax Rules of
Subclause 9.5, “Result of data type combinations”, are applied with the set com-
prising the declared type of the i-th column of T1 and the declared type of the i-th
column of T2 as DTSET; let the declared type of the i-th column of TR be the
RESTYPE returned from the application of those Syntax Rules.

Case:

A) If the SQL-implementation does not support Feature T101, “Enhanced nul-
lability determination”, then the i-th column of TR is possibly nullable.

B) If the <query expression body> immediately contains EXCEPT, then if the
i-th columnofT1 is knownnot nullable, then the i-th columnofTR is known
not nullable; otherwise, the i-th column of TR is possibly nullable.

C) Otherwise, if the i-th columns of both T1 and T2 are known not nullable,
then the i-th columnofTR is knownnot nullable; otherwise, the i-th column
of TR is possibly nullable.

2) If TR is the result of an anchor expression ARE, then:
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A) Let SARE be the stratumofARE. LetTSARE be the the tables associatedwith
the members of SARE. Of the operands T1 and T2 of TR, let TNREC be the
operand that is the result of the non-recursive operand of ARE and let TREC
be the other operand. The i-th column of TR is said to be recursively derived
if there exists at least one table TTSARE in TSARE such that a column of
TTSARE is an underlying column of the i-th column of TREC.

B) If the i-th column of TR is not recursively derived, then the Syntax Rules of
Subclause 9.5, “Result of data type combinations”, are applied with the set
comprising the declared type of the i-th column of T1 and the declared type
of the i-th column of T2 as DTSET; let the declared type of the i-th column
of TR be the RESTYPE returned from the application of those Syntax Rules.
If the i-th columns of at least one of T1 and T2 are known not nullable, then
the i-th column of TR is known not nullable; otherwise, the i-th column of
TR is possibly nullable.

C) If the i-th column of TR is recursively derived, then:

I) The i-th column of TR is possibly nullable.

II) Case:

1) If T1 is TNREC, then the declared type of the i-th column of TR
is the same as the declared type of the i-th column of T1.

2) If T2 is TNREC, then the declared type of the i-th column of TR
is the same as the declared type of the i-th column of T2.

20) The simplyunderlying table specificationofQE is the<queryexpressionbody> immediately contained
in QE.

21) After performing all relevant syntactic transformations, the simply underlying table specifications
of a<queryexpressionbody>QEB are the<query specification>s and<queryexpression>s contained
in QEBwithout an intervening <query expression>.

22) If QE or QEB is effectively updatable, then the target simply underlying table specifications of QE or
QEB are the simply underlying table specifications of QE or QEB, respectively.

23) The underlying columns and generally underlying columns of each column of QE and of QE itself are
defined as follows:

a) A column of a <table value constructor> has no underlying columns and no generally under-
lying columns.

b) The underlying columns and generally underlying columns of every i-th column of a <simple
table> ST are the underlying columns and generally underlying columns, respectively, of the
i-th column of the table immediately contained in ST.

c) If no set operator is specified, then the underlying columns and generally underlying columns
of every i-th column of QE are the underlying columns and generally underlying columns,
respectively, of the i-th column of the <simple table> simply contained in QE.

d) If a set operator is specified, then the underlying columns and generally underlying columns
of every i-th column of QE are the underlying columns and generally underlying columns,
respectively, of the i-th column of T1 and those of the i-th column of T2.

e) Let C be some column. C is an underlying column ofQE if and only if C is an underlying column
of some column of QE. C is a generally underlying column of QE if and only if C is a generally
underlying column of some column of QE.

24) The updatable columns of QE are defined as follows:
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A column of a <table value constructor> is not an updatable column.a)

b) A column of a <simple table> ST is an updatable column of ST if the underlying column of ST
is updatable.

c) If no set operator is specified, then a columnofQE is anupdatable columnofQE if its underlying
column is updatable.

d) If a set operator is specified, then

Case:

i) If the SQL-implementation supports Feature T111, “Updatable joins, unions, and
columns”, a set operator UNION ALL is specified, and both underlying columns of the
i-th column of QE are updatable, then the i-th column of QE is an updatable column of
QE.

ii) Otherwise, the i-th column of QE is not updatable.
NOTE 318— If a set operator UNION DISTINCT, EXCEPT, or INTERSECT is specified, or if the SQL-
implementation does not support Feature T111, “Updatable joins, unions, and columns”, then there
are no updatable columns.

25) A <query expression> QE shall not generally contain a <routine invocation> whose subject routine
is an SQL-invoked routine that possibly modifies SQL-data.

26) If an <order by clause> is specified, then:

a) Let OBC be the <order by clause>. Let NSK be the number of <sort specification>s in OBC. For
each i between 1 (one) and NSK, let Ki be the <sort key> contained in the i-th <sort specifica-
tion> in OBC.

b) Each Ki shall contain a <column reference> and shall not contain a <query expression> or a
<set function specification>.

c) If QE is a <query expression body> that is a <query term> that is a <query primary> that is a
<simple table> that is a <query specification>, then QE is said to be a simple table query.

d) Case:

i) If <sort specification list> contains any <sort key> Ki that contains a column reference
to a column that is not a column of T, then:

1) QE shall be a simple table query.

2) Let TE be the <table expression> immediately contained in the <query specifica-
tion> QS simply contained in QE.

3) Let SL be the <select list> of QS. Let SLT be obtained from SL by replacing each
<column reference> with its fully qualified equivalent.

4) LetOBCT be obtained fromOBC by replacing each <column reference> that refer-
ences a column of TEwith its fully qualified equivalent.

5) For each i between 1 (one) and NSK, let KTi be the <sort key> contained in the
i-th <sort specification> contained in OBCT.

6) For each ibetween1 (one) andNSK, ifKTihas the same left normal formderivation
as the <value expression> immediately contained in some <derived column> DC
of SLT, then:

NOTE 319— “Left normal form derivation” is defined in Subclause 6.2, “Notation provided in
the ISO/IEC 9075 series”, in ISO/IEC 9075-1.
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A) Case:

I) If DC simply contains an <as clause>, then let CN be the <column
name> contained in the <as clause>.

II) Otherwise, letCNbean implementation-dependent (UV087)<column
name> that is not equivalent to theexplicit or implicit <columnname>
of anyother <derived column>contained in SLT. LetVEbe the<value
expression> simply contained in DC. DC is replaced in SLT by

VE AS CN

B) KTi is replaced in OBCT by

CN

7) Let SCR be the set of <column reference>s to columns of TE that remain in OBCT
after the preceding transformation.

8) Let NSCR be the number of <column reference>s contained in SCR. For each j
between1 (one) andNSCR, letCjbe an enumerationof these<columnreference>s.

9) Case:

A) If NSCR is 0 (zero), then let SKL be the zero-length character string.

B) Otherwise:

I) If T is a grouped table, then let G be the set of grouping columns of
T. For each j between 1 (one) and NSCR, Cj shall reference a column
that is functionally dependent on G.

II) QS shall not specify the <set quantifier>DISTINCTor directly contain
one or more <set function specification>s.

III) Let SKL be the comma-separated list of <derived column>s:

, C1, C2, ..., CNSCR

The columns Cj are said to be extended sort key columns.

10) Let SORT be the table specified by the <query specification>:

SELECT SLT SKL TE

11) Let EOBC be OBCT.

ii) Otherwise, let SORT be T and let EOBC be OBC.

e) SORT is said to be the sort table of QE. EOBC is said to be the extended order by clause of SORT.

27) The declared type of <offset row count> shall be an exact numeric with scale 0 (zero).

28) The declared type of <fetch first row count> shall be an exact numeric with scale 0 (zero).

29) The declared type of the <simple value specification> simply contained in <fetch first percentage>
shall be numeric.

30) 14 If a <query expression> simply contains a <fetch first clause> that simply contains WITH TIES,
then the<query expression> shall simply contain an<order by clause>. If a <queryprimary> simply
contains a <fetch first clause> that simply contains WITH TIES, then the <query primary> shall
simply contain an <order by clause>.
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Access Rules

None.

General Rules

1) If a non-recursive <with clause> is specified, then:

a) If any of the <with list element>s generally contains a <data change delta table>, the <with
list element>s simply contained in the <query expression> are evaluated in the order inwhich
they are given.

b) For every <with list element>WLE, letWQN be the <query name> immediately contained in
WLE. LetWQE be the <query expression> simply contained inWLE. LetWLT be the table
resulting from evaluation ofWQE, with each column name replaced by the corresponding
element of the <with column list>, if any, immediately contained inWLE.

c) Every <table reference> contained in <query expression> that specifiesWQN identifiesWLT.

2) If a recursive <with list>WL is specified, then:

a) Let s be the number of strata of QDNG. Let the partition dependency graph PDG ofWL be a
directed graph such that:

i) Each stratum of QDNG is a node of PDG.

ii) There is an arc of PDG from one stratum S1 to a different stratum S2 if there is an arc
of QNDG from a <query name> in S1 to a <query name> in S2.

b) Let S1, ..., Ss be an enumeration of the strata of PDG such that, for all i and j between 1 (one)
and s, if there is an arc from Si to Sj, then i > j.

NOTE 320— There can be no cycles among the strata, because if there were a cycle, then the union of strata
in that cycle would be a larger strongly connected subset of QNDG, contradicting the definition of a stratum.
Hence such an enumeration is possible. One canfirst list all strata that have no outgoing arcs, thereafter listing
a stratum only if all strata upon which it depends have already been listed.

c) For all j between 1 (one) and s:
NOTE 321—The order of S1, ..., Ss is non-deterministic; however, if all <query expression>s in the <with list>
are deterministic, then the final result will be deterministic because the ordering of S1, ..., Ss ensures that
<query expression>s are evaluated in the order of dependency.

Case:

i) If Sj is not recursive, then let SQN be the <query name> that is the sole member of Sj.
Let SWLE be the <with list element> that immediately contains QN, and let SQE be the
<query expression> simply contained in SWLE. Any reference to SQN in its scope refer-
ences the result of evaluating SQE.

ii) Otherwise:

1) LetNQ be the number of <query name>s in Sj. Let SQN1, ..., SQNNQ be an enumer-
ation of the <query name>s of Sj. For all i, 1 (one) ≤ i ≤NQ, let SWLEi be the <with
list element> that immediately contains SQNi, let SQEi be the <query expression>
simply contained in SWLEi, let SRTi be the row type of SQEi, and letWTi be an
empty table of type SRTi.
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2) For all i, 1 (one)≤ i≤NQ, let SQNk referenceWTi in the <query expression>s SQEk,
1 (one) ≤ k ≤ NQ.

3) For all i, 1 (one) ≤ i ≤ NQ, let RTi be the result of evaluating SQEi.

4) While there exists an i, 1 (one) ≤ i ≤NQ, such that the cardinality of RTi is greater
than the cardinality ofWTi, do:

NOTE 322— The iteration stops if a finite fixed point is reached. It is possible that there is no
finite fixed point, inwhich case the following loop does not terminate. Nevertheless, if the SQL-
implementation can determine that all rows required in the remainder of the query have been
found, then the SQL-implementation will terminate the iteration.

A) For all i, 1 (one) ≤ i ≤ NQ, letWTi be RTi.

B) For all i, 1 (one) ≤ i ≤ NQ, let RTi be the result of evaluating SQEi.
NOTE 323— The <query name>s SQNi are still bound toWTi. Thus each RTi is recom-
puted by binding the <query name>s to the results in the previous iteration of the loop.

5) For all i, 1 (one) ≤ i ≤NQ, SQNi references RTi in the scope of SQNi, excluding SQEk
for all k, 1 (one) ≤ k ≤ NQ.

3) Case:

a) If no set operator is specified, then T is the result of the specified <simple table>.

b) Otherwise:

i) Let D be the degree of T.

ii) For each i, 1 (one) ≤ i ≤ D:

1) 14 Let DTCi be the declared type of the i-th column of T.

2) Let TCN1i be the effective name for the i-th column of T1.

3) Let TCN2i be the effective name for the i-th column of T2.

4) Let ET1 be a <query expression> of the form

SELECT CAST(TCN11 AS DTC1),
CAST(TCN12 AS DTC2),

       ...,
CAST(TCN1D AS DTCD)

FROM TN1

5) Let ET2 be a <query expression> of the form

SELECT CAST(TCN21 AS DTC1),
CAST(TCN22 AS DTC2),

       ...,
CAST(TCN2D AS DTCD)

FROM TN2

iii) T contains the following rows:

1) Let R be a row that is a duplicate of some row in ET1 or of some row in ET2 or
both. Letm be the number of duplicates of R in ET1 and let n be the number of
duplicates of R in ET2, wherem ≥ 0 and n ≥ 0.

2) If DISTINCT is specified or implicit, then
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Case:

A) If UNION is specified, then T contains exactly one duplicate of R.
NOTE 324— R exists as a result of GR 3)b)iii)1), guaranteeing that T always contains
a duplicate of R.

B) If EXCEPT is specified, then

Case:

I) Ifm > 0 and n = 0, then T contains exactly one duplicate of R.

II) Otherwise, T contains no duplicate of R.

C) If INTERSECT is specified, then

Case:

I) Ifm > 0 and n > 0, then T contains exactly one duplicate of R.

II) Otherwise, T contains no duplicates of R.

3) If ALL is specified, then

Case:

A) If UNION is specified, then the number of duplicates of R that T contains is
(m + n).

B) If EXCEPT is specified, then the number of duplicates of R that T contains
is the maximum of (m − n) and 0 (zero).

C) If INTERSECT is specified, then the number of duplicates ofR thatT contains
is the minimum ofm and n.

NOTE 325— See the General Rules of Subclause 8.2, “<comparison predicate>”.

4) Case:

a) If EXCEPT is specified and a row R of T is replaced by some row RR, then the row of T1 from
which R is derived is replaced by RR.

b) If INTERSECT is specified, then:

i) If a row R is inserted into T, then:

1) If T1 does not contain a rowwhose value equals the value of R, then R is inserted
into T1.

2) If T1 contains a rowwhose value equals the value of R and no row of T is derived
from that row, then R is inserted into T1.

3) If T2 does not contain a rowwhose value equals the value of R, then R is inserted
into T2.

4) If T2 contains a rowwhose value equals the value of R and no row of T is derived
from that row, then R is inserted into T2.

ii) If a row R is replaced by some row RR, then:

1) The row of T1 from which R is derived is replaced with RR.

2) The row of T2 from which R is derived is replaced with RR.

5) The rows of T are ordered as follows:
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If QE does not immediately contain an <order by clause>, then the ordering of rows in T is
implementation-dependent (US036).

a)

b) If QE immediately contains an <order by clause>, then the ordering of rows in T is the same
as the ordering of rows in the sort table of QE and its extended order by clause as determined
by the General Rules of Subclause 10.10, “<sort specification list>”. The table specified by QE
is effectively the sort table of QEwith all extended sort key columns, if any, removed.

NOTE 326— “extended sort key column” and “extended order by clause” are defined in the Syntax Rules of
this Subclause.

6) Let OCT be the cardinality of T.

a) Case:

i) If <result offset clause> is not specified, then let RORC be 0 (zero).

ii) Otherwise, let RORC be the value of <offset row count>.

b) If RORC is less than 0 (zero), then an exception condition is raised: data exception— invalid
row count in result offset clause (2201X).

c) Case:

i) If RORC is greater than or equal to OCT, then all rows are removed from T and the car-
dinality of T is 0 (zero).

ii) Otherwise, the first RORC rows in order as specified by GR 5) are removed from T and
the cardinality of T is (OCT – RORC).

7) If <fetch first clause> is specified, then:

a) Let OCT2 be the cardinality of T.
NOTE 327— OCT2 is the cardinality of T after the removal of any rows from T by the application of the prior
General Rule.

b) Case:

i) If <fetch first row count> is specified, then let FFRC be the value of <fetch first row
count>.

ii) If <fetch first percentage> is specified, then let FFP be the <simple value specification>
simply contained in <fetch first percentage>, and let LOCT be a <literal> whose value
is OCT. Let FFRC be the value of

CEILING ( FFP * LOCT / 100.0E0 )

NOTE328—Thepercentage is computedusing thenumberof rowsbefore removing the rowsspecified
by <offset row count>.

iii) Otherwise, let FFRC be 1 (one).

c) If FFRC is less than 1 (one), then an exception condition is raised: data exception— invalid
row count in fetch first clause (2201W).

d) If FFRC is less than OCT2, then

Case:

i) IfWITHTIES is specified, then rowsother than thefirstFFRC rows in the order specified
byGR6) of this Subclause and their peers as defined in Subclause 10.10, “<sort specific-
ation list>”, are removed from T, and the cardinality of T is the number of rows
remaining in T.
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ii) Otherwise, rows other than the first FFRC rows in order as specified by GR 6) of this
Subclause are removed from T and the cardinality of T is FFRC.

Conformance Rules

1) Without Feature T121, “WITH (excluding RECURSIVE) in query expression”, in conforming SQL
language, a <query expression> shall not contain a <with clause>.

2) Without Feature T122, “WITH (excluding RECURSIVE) in subquery”, in conforming SQL language,
a <query expression> contained in a <query expression> shall not contain a <with clause>.

3) Without Feature T131, “Recursive query”, conforming SQL language shall not contain a <query
expression> that contains RECURSIVE.

4) Without Feature T132, “Recursive query in subquery”, in conforming SQL language, a <query
expression> contained in a <query expression> shall not contain RECURSIVE.

5) Without Feature F661, “Simple tables”, conforming SQL language shall not contain a <simple table>
that immediately contains a <table value constructor>.

6) Without Feature F661, “Simple tables”, conforming SQL language shall not contain an <explicit
table>.

7) Without Feature F303, “INTERSECT DISTINCT table operator”, conforming SQL language shall not
contain a <query term> that contains INTERSECT.

8) Without Feature F305, “INTERSECTALL table operator”, conforming SQL language shall not contain
a <query term> that contains INTERSECT ALL.

9) Without Feature F301, “CORRESPONDING in query expressions”, conforming SQL language shall
not contain a <query expression> that contains CORRESPONDING.

10) Without Feature T551, “Optional key words for default syntax”, conforming SQL language shall not
contain UNION DISTINCT, EXCEPT DISTINCT, or INTERSECT DISTINCT.

11) Without Feature F304, “EXCEPT ALL table operator”, conforming SQL language shall not contain a
<query expression> that contains EXCEPT ALL.

NOTE 329— If DISTINCT, INTERSECT or EXCEPT is specified, then the Conformance Rules of Subclause 9.12,
“Grouping operations”, apply.

12) Without Feature F850, “Top-level ORDER BY in query expression”, in conforming SQL language, a
<query expression> not immediately contained in either an <array value constructor by query> or
a <cursor specification> shall not immediately contain an <order by clause>.

13) WithoutFeatureF851, “ORDERBY in subqueries”, in conformingSQL language, a <queryexpression>
contained in another <query expression> shall not immediately contain an <order by clause>.

14) Without Feature F855, “Nested ORDER BY in query expression”, in conforming SQL language, a
<query primary> shall not immediately contain an <order by clause>.

15) Without Feature F856, “Nested FETCH FIRST in query expression”, in conforming SQL language, a
<query primary> shall not immediately contain a <fetch first clause>.

16) Without Feature F857, “Top-level FETCH FIRST in query expression”, in conforming SQL language,
a <query expression> shall not immediately contain a <fetch first clause>.

17) Without Feature F858, “FETCH FIRST in subqueries”, in conforming SQL language, a <query
expression> contained in another <query expression> shall not immediately contain a <fetch first
clause>.
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18) Without Feature F860, “Dynamic FETCH FIRST row count”, in conforming SQL language, a <fetch
first clause> shall not contain a <fetch first row count> that is not an <unsigned integer>.

19) Without Feature F861, “Top-level OFFSET in query expression”, in conforming SQL language, a
<query expression> shall not immediately contain a <result offset clause>.

20) Without Feature F862, “OFFSET in subqueries”, in conforming SQL language, a <query expression>
contained in another <query expression> shall not immediately contain a <result offset clause>.

21) Without Feature F863, “NestedOFFSET inquery expression”, in conforming SQL language, a <query
primary> shall not immediately contain a <result offset clause>.

22) Without Feature F865, “Dynamic offset row count in OFFSET”, in conforming SQL language, a
<result offset clause> shall not contain an <offset row count> that is not an <unsigned integer>.

23) Without Feature F866, “FETCHFIRST clause: PERCENToption”, in conforming SQL language, <fetch
first clause> shall not contain <fetch first percentage>.

24) Without Feature F867, “FETCH FIRST clause: WITH TIES option”, in conforming SQL language,
<fetch first clause> shall not contain WITH TIES.

25) 14Without Feature F868, “ORDER BY in grouped table”, in conforming SQL language, if <sort spe-
cification list> contains any <sort key> that contains a column reference to a column that is not a
column of the table TQE specified by <query expression>, then TQE shall not be a grouped table.
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7.18 <search or cycle clause>

Function

Specify the generation of ordering and cycle detection information in the result of recursive query
expressions.

Format
<search or cycle clause> ::=

<search clause>
| <cycle clause>
| <search clause> <cycle clause>

<search clause> ::=
SEARCH <recursive search order> SET <sequence column>

<recursive search order> ::=
DEPTH FIRST BY <column name list>

| BREADTH FIRST BY <column name list>

<sequence column> ::=
<column name>

<cycle clause> ::=
CYCLE <cycle column list> SET <cycle mark column> [ <cycle mark option> ]

USING <path column>

<cycle column list> ::=
<cycle column> [ { <comma> <cycle column> }... ]

<cycle column> ::=
<column name>

<cycle mark column> ::=
<column name>

<path column> ::=
<column name>

<cycle mark option> ::=
TO <cycle mark value> DEFAULT <non-cycle mark value>

<cycle mark value> ::=
<value expression>

<non-cycle mark value> ::=
<value expression>

Syntax Rules

1) If <cycle mark option> is not specified, then TO TRUE DEFAULT FALSE is implicit.

2) LetWLEC be an expandable <with list element> immediately containing a <search or cycle clause>.

3) LetWQN be the <query name>,WCL the <with column list>, andWQE the <query expression>
simply contained inWLEC. LetWQEB be the <query expression body> immediately contained in
WQE. LetOP be the set operator immediately contained inWQEB. Let TLO be the <query expression
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body> that constitutes the first operand of OP and let TRO be the <query specification> that
(necessarily) constitutes the second operand of OP.

4) Let TROSL be the <select list> immediately contained in TRO. LetWQNTR be the <table reference>
simply contained in the <from clause> immediately contained in the <table expression> TROTE
immediately contained in TRO such thatWQNTR immediately containsWQN.

Case:

a) IfWQNTR simply contains a<correlationname>, then letWQNCRNbe that <correlationname>.

b) Otherwise, letWQNCRN beWQN.

5) IfWLEC simply contains a <search clause> SC, then let SQC be the <sequence column> and SO be
the <recursive search order> immediately contained in SC. Let CNL be the <column name list>
immediately contained in SO.

a) WCL shall not contain a <column name> that is equivalent to SQC.

b) Every <column name> of CNL shall be equivalent to some <column name> contained inWCL.
No <column name> shall be contained more than once in CNL.

c) Case:

i) If SO immediately contains DEPTH, then let SCEX1 be:

WQNCRN.SQC

let SCEX2 be:

SQC || ARRAY [ROW(CNL)]

and let SCIN be:

ARRAY [ROW(CNL)]

ii) If SO immediately contains BREADTH, then let SCEX1 be:

( SELECT OC.*
FROM ( VALUES (WQNCRN.SQC) )

  OC(LEVEL, CNL) )

let SCEX2 be:

ROW(SQC.LEVEL + 1, CNL)

and let SCIN be:

ROW(0, CNL)

6) IfWLEC simply contains a <cycle clause> CC, then let CCL be the <cycle column list>, let CMC be the
<cycle mark column>, let CMX be the explicit or implicit <cycle mark option>, and let CPA be the
<path column> immediately contained in CC. Let CMV be the <cycle mark value> and let CMD be
the <non-cycle mark value> immediately contained in CMX.

a) Every <column name> of CCL shall be equivalent to some <column name> contained inWCL.
No <column name> shall be contained more than once in CCL.

b) CMC and CPA shall not be equivalent to each other and not equivalent to any <column name>
ofWCL.
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c) Thedeclared type ofCMV andCMD shall be either character string of length 1 (one) orBoolean.
CMV and CMD shall have the same declared type. CMV and CMD shall be literals and CMV shall
not be equal to CMD.

d) Let CCEX1 be:

WQNCRN.CMC, WQNCRN.CPA

Let CCEX2 be:

CASE WHEN ROW(CCL) IN
  (SELECT P.* FROM UNNEST(CPA) P)

THEN CMV ELSE CMD END,

CPA || ARRAY [ROW(CCL)]

Let CCIN be:

CMD, ARRAY [ROW(CCL)]

Let NCCON1 be:

CMC <> CMV

7) Case:

a) IfWLEC simply contains a <search clause> and does not simply contain a <cycle clause>, then
let EWCL be:

WCL, SQC

Let ETLOSL be:

WCL, SCIN

Let ETROSL be:

WCL, SCEX2

Let ETROSL1 be:

TROSL, SCEX1

Let NCCON be:

TRUE

b) IfWLEC simply contains a <cycle clause> and does not simply contain a <search clause>, then
let EWCL be:

WCL, CMC, CPA

Let ETLOSL be:

WCL, CCIN

Let ETROSL be:

WCL, CCEX2

Let ETROSL1 be:

TROSL, CCEX1
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Let NCCON be:

NCCON1

c) IfWLEC simply contains both a <search clause> and a <cycle clause> CC, then:

i) The <column name>s SQC, CMC, and CPA shall not be equivalent to each other.

ii) Let EWCL be:

WCL, SQC, CMC, CPA

Let ETLOSL be:

WCL, SCIN, CCIN

Let ETROSL be:

WCL, SCEX2, CCEX2

Let ETROSL1 be:

TROSL, SCEX1, CCEX1

iii) Let NCCON be:

NCCON1

8) WLEC is equivalent to the expanded <with list element>:

WQN(EWCL) AS
  ( SELECT ETLOSL FROM (TLO) TLOCRN(WCL)

OP
SELECT ETROSL
FROM (SELECT ETROSL1 TROTE) TROCRN(EWCL)
WHERE NCCON

  )

Access Rules

None.

General Rules

None.

Conformance Rules

1) Without Feature T133, “Enhanced cycle mark values”, the declared types of <cycle mark value>
and <non-cycle mark value> shall not be Boolean.
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7.19 <subquery>

Function

Specify a scalar value, a row, or a table derived from a <query expression>.

Format
<scalar subquery> ::=
<subquery>

<row subquery> ::=
<subquery>

<table subquery> ::=
<subquery>

<subquery> ::=
<left paren> <query expression> <right paren>

Syntax Rules

1) The <subquery> immediately contained in a <table subquery> not simply contained in a <with list
element>, or immediately contained in a <scalar subquery>, or immediately contained in a <row
subquery> shall not generally contain a <data change delta table>.

2) The degree of a <scalar subquery> shall be 1 (one).

3) The degree of a <row subquery> shall be greater than 1 (one).

4) Let QE be the <query expression> simply contained in <subquery>.

5) The declared type of a <scalar subquery> is the declared type of the column of QE.

6) The declared type of a <row subquery> is a row type consisting of one field for each column of QE.
The declared type and field name of each field of this row type is the declared type and column
name of the corresponding column of QE.

7) The declared types of the columns of a <table subquery> are the declared types of the respective
columns of QE.

Access Rules

None.

General Rules

1) If no SQL-transaction is active for the SQL-agent, then an SQL-transaction is initiated.

2) Let RS be a <row subquery>. Let RRS be the result of the <query expression> simply contained in
RS. Let D be the degree of RRS.

Case:

a) If the cardinality of RRS is greater than 1 (one), then an exception condition is raised: cardin-
ality violation (21000).
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b) If the cardinality of RRS is 0 (zero), then the value of the <row subquery> is a row whose
degree is D and whose fields are all the null value.

c) Otherwise, the value of RS is RRS.

3) Let SS be a <scalar subquery>. Let RSS be the result of the <query expression> simply contained in
SS.

Case:

a) If the cardinality of RSS is greater than 1 (one), then an exception condition is raised: cardin-
ality violation (21000).

b) If the cardinality of RSS is 0 (zero), then the value of the <scalar subquery> is the null value.

c) Otherwise, let C be the column of <query expression> simply contained in SS. The value of SS
is the value of C in the unique row of the result of the <scalar subquery>.

Conformance Rules

None.
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8 Predicates

This Clause is modified by Clause 7, “Predicates”, in ISO/IEC 9075-13.
This Clause is modified by Clause 8, “Predicates”, in ISO/IEC 9075-14.
This Clause is modified by Clause 8, “Predicates”, in ISO/IEC 9075-15.
This Clause is modified by Clause 8, “Predicates”, in ISO/IEC 9075-16.

8.1 <predicate>
This Subclause is modified by Subclause 8.1, “<predicate>”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 8.1, “<predicate>”, in ISO/IEC 9075-16.

Function

Specify a condition that can be evaluated to give a Boolean value.

Format
14  16 <predicate> ::=

<comparison predicate>
| <between predicate>
| <in predicate>
| <like predicate>
| <similar predicate>
| <regex like predicate>
| <null predicate>
| <quantified comparison predicate>
| <exists predicate>
| <unique predicate>
| <normalized predicate>
| <match predicate>
| <overlaps predicate>
| <distinct predicate>
| <member predicate>
| <submultiset predicate>
| <set predicate>
| <type predicate>
| <period predicate>
| <JSON predicate>
| <JSON exists predicate>

Syntax Rules

None.

Access Rules

None.
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General Rules

1) 14 16The result of a <predicate> is the truth value of the immediately contained <comparison pre-
dicate>, <between predicate>, <in predicate>, <like predicate>, <similar predicate>, <regex like
predicate>, <null predicate>, <quantified comparison predicate>, <exists predicate>, <unique pre-
dicate>, <normalized predicate>, <match predicate>, <overlaps predicate>, <distinct predicate>,
<memberpredicate>, <submultisetpredicate>, <setpredicate>, <typepredicate>, <periodpredicate>,
<JSON predicate>, or <JSON exists predicate>.

Conformance Rules

None.
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8.2 <comparison predicate>
This Subclause is modified by Subclause 7.1, “<comparison predicate>”, in ISO/IEC 9075-13.

Function

Specify a comparison of two row values.

Format
<comparison predicate> ::=
<row value predicand> <comparison predicate part 2>

<comparison predicate part 2> ::=
<comp op> <row value predicand>

<comp op> ::=
<equals operator>

| <not equals operator>
| <less than operator>
| <greater than operator>
| <less than or equals operator>
| <greater than or equals operator>

Syntax Rules

1) The two <row value predicand>s shall be of the same degree.

2) Let corresponding fields be fieldswith the same ordinal position in the two <rowvalue predicand>s.

3) The declared types of the corresponding fields of the two <row value predicand>s shall be compar-
able.

4) Let Rx and Ry respectively denote the first and second <row value predicand>s.

5) LetN be the number of fields in the declared type of Rx. Let Xi, 1 (one) ≤ i ≤N, be the i-th field in the
declared type of Rx and let Yi be the i-th field in the declared type of Ry. For each i:

a) Case:

i) If <compop> is <equals operator> or <not equals operator>, thenXi andYi are operands
of an equality operation. The Syntax Rules and Conformance Rules of Subclause 9.11,
“Equality operations”, apply.

ii) Otherwise, Xi and Yi are operands of an ordering operation. The Syntax Rules and
Conformance Rules of Subclause 9.14, “Ordering operations”, apply.

b) Case:

i) If the declared types of Xi and Yi are user-defined types, then let UDT1 and UDT2 be
respectively the declared types ofXi andYi.UDT1 andUDT2 shall be in the same subtype
family. UDT1 and UDT2 shall have comparison types.

NOTE 330— “Comparison type” is defined in Subclause 4.9.5, “User-defined type comparison and
assignment”.

13NOTE 331— The comparison form and comparison categories included in the user-defined type
descriptors of both UDT1 and UDT2 are constrained to be the same and to be the same as those of all
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their supertypes. If the comparison category is either STATE or RELATIVE, then UDT1 and UDT2 are
constrained to have the same comparison function; if the comparison category is MAP, they are not
constrained to have the same comparison function.

ii) If the declared types of Xi and Yi are reference types, then the referenced type of the
declared type of Xi and the referenced type of the declared type of Yi shall have a com-
mon supertype.

iii) If the declared types of Xi and Yi are collection types or distinct types whose source
types are collection types in which the declared type of the elements are ETx and ETy,
respectively, then let RV1 and RV2 be <value expression>s whose declared types are
respectively ETx and ETy. The Syntax Rules of this Subclause are applied to:

RV1 <comp op> RV2

iv) If the declared types of Xi and Yi are row types, then let RV1 and RV2 be <value
expression>s whose declared types are respectively that of Xi and Yi. The Syntax Rules
of this Subclause are applied to:

RV1 <comp op> RV2

6) Let CP be the <comparison predicate> “Rx <compop>Ry”. If the declared type ofRx is a user-defined
type whose comparison category is RELATIVE, then it is implementation-defined (IA059) whether
the following syntactic transformations are applied; otherwise, the following syntactic transforma-
tions are applied.

Case:

a) If the <comp op> is <not equals operator>, then CP is equivalent to:

NOT( Rx = Ry )

b) If the <comp op> is <greater than operator>, then CP is equivalent to:

( Ry < Rx )

c) If the <comp op> is <less than or equals operator>, then CP is equivalent to:

( Rx < Ry
OR

Ry = Rx )

d) If the <comp op> is <greater than or equals operator>, then CP is equivalent to:

( Ry < Rx
OR

Ry = Rx )

Access Rules

None.

General Rules

1) Let XV and YV be two values represented by <value expression>s X and Y, respectively. The result
of:
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X <comp op> Y

is determined as follows.

Case:

a) If at least one of XV and YV is the null value, then

X <comp op> Y

is Unknown.

b) Otherwise,

Case:

i) If the declared types of XV and YV are row types with degree N, then let Xi, 1 (one) ≤ i
≤N, denote a <value expression>whose value and declared type is that of the i-th field
of XV and let Yi denote a <value expression> whose value and declared type is that of
the i-th field of YV. The result of

X <comp op> Y

is determined as follows:

1) X = Y is True if and only if Xi = Yi is True for all i.

2) X < Y is True if and only if Xi = Yi is True for all i < n and Xn < Yn for some n.

3) X = Y is False if and only if NOT (Xi = Yi) is True for some i.

4) X < Y is False if and only if X = Y is True or Y < X is True.

5) X <comp op> Y is Unknown if X <comp op> Y is neither True nor False.

ii) If the declared types of XV and YV are array types or distinct types whose source types
are array types and the cardinalities of XV and YV are N1 and N2, respectively, then let
Xi, 1 (one) ≤ i ≤N1, denote a <value expression> whose value and declared type is that
of the i-th element of XV and let Yi, 1 (one) ≤ i ≤N2, denote a <value expression>whose
value and declared type is that of the i-th element of YV. The result of

X <comp op> Y

is determined as follows:

1) X = Y is True if N1 = 0 (zero) and N2 = 0 (zero).

2) X = Y is True if N1 = N2 and, for all i, Xi = Yi is True.

3) X = Y is False if and only if exactly one of the following is true:

A) N1 ≠ N2.

B) N1 = N2 and for some i, 1 (one) ≤ i ≤ N1, NOT (Xi = Yi) is True.

4) X <comp op> Y is Unknown if X <comp op> Y is neither True nor False.

iii) If the declared types of XV and YV are multiset types or distinct types whose source
types aremultiset types and the cardinalities of XV and YV areN1 andN2, respectively,
then the result of

X <comp op> Y
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is determined as follows.

Case:

1) X = Y is True if N1 = 0 (zero) and N2 = 0 (zero).

2) X = Y is True if N1 = N2, and there exist an enumeration XVEj, 1 (one) ≤ j ≤ N1, of
the elements of XV and an enumeration YVEj, 1 (one) ≤ j ≤ N1, of the elements of
YV such that for all j, XVEj = YVEj.

3) X = Y is Unknown if N1 = N2, and there exist an enumeration XVEj, 1 (one) ≤ j ≤
N1, of the elements of XV and an enumeration YVEj, 1 (one) ≤ j ≤ N1, of the ele-
ments of YV such that for all j, “XVEj = YVEj” is either True or Unknown.

4) Otherwise, X = Y is False.

iv) If the declared types of XV and YV are user-defined types, then let UDTx and UDTy be
respectively the declared types of XV and YV. The result of

X <comp op> Y

is determined as follows:

1) If the comparison category of UDTx is MAP, then let HF1 be the <routine name>
with explicit <schema name> of the comparison function of UDTx and let HF2 be
the <routine name> with explicit <schema name> of the comparison function of
UDTy. IfHF1 identifies an SQL-invokedmethod, then letHFX be X.HF1; otherwise,
letHFXbeHF1(X). IfHF2 identifies an SQL-invokedmethod, then letHFYbeY.HF2;
otherwise, let HFY be HF2(Y).

X <comp op> Y

has the same result as

HFX <comp op> HFY

2) If the comparison category of UDTx is RELATIVE, then:

A) Let RF be the <routine name>with explicit <schema name> of the compar-
ison function of UDTx.

B) X = Y

has the same result as

RF (X, Y) = 0

C) X < Y

has the same result as

RF (X, Y) = -1

D) X <> Y

has the same result as

RF (X, Y) <> 0

E) It is implementation-dependent (UA068) whether X > Y
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has the same result as

RF (X, Y) = 1

or has the same result as

RF (Y, X) = -1

F) X <= Y

has the same result as

RF (X, Y) = -1 OR RF (X, Y) = 0

G) It is implementation-dependent (UA068) whether X >= Y

has the same result as

RF (X, Y) = 1 OR RF (X, Y) = 0

or has the same result as

RF (Y, X) = -1 OR RF (X, Y) = 0

NOTE 332— Since it is implementation-defined (IA059) whether to use the syntactic trans-
formation to define all comparisons in terms of = and <, for portability, the application is
expected ensure that RF (X, Y) = -RF (Y, X) for all X and Y.

3) 13 If the comparison category of UDTx is STATE, then:

A) Let SF be the <routine name> of the comparison function of UDTx.

B) X = Y

has the same result as

SF (X, Y) = TRUE

v) Otherwise, the result of

X <comp op> Y

is True or False as follows:

1) X = Y

is True if and only if XV and YV are equal.

2) X < Y

is True if and only if XV is less than YV.

3) X <comp op> Y

is False if and only if

X <comp op> Y

is not True

2) Numbers are compared with respect to their numeric values.

3) The comparison of two character strings is determined as follows:
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The Syntax Rules of Subclause 9.15, “Collation determination”, are applied with the set of
declared types of the two character strings as TYPESET; let CS be the COLL returned from the
application of those Syntax Rules.

a)

b) If the length in characters of X is not equal to the length in characters of Y, then the shorter
string is effectively replaced, for the purposes of comparison, with a copy of itself that has
been extended to the length of the longer string by concatenation on the right of one or more
pad characters, where the pad character is chosen based on CS. If CS has the NO PAD charac-
teristic, then the pad character is an implementation-dependent (UV091) character different
from any character in the character set of X and Y that collates less than any string under CS.
Otherwise, the pad character is a <space>.

c) The result of the comparison of X and Y is given by the collation CS.

d) Depending on the collation, two strings may compare as equal even if they are of different
lengths or contain different sequences of characters. When any of the operations MAX, MIN,
andDISTINCT reference a grouping column, the GREATEST and LEAST functions, and UNION,
EXCEPT, and INTERSECT operators refer to character strings, the specific value selected by
these operations from a set of such equal values is implementation-dependent (UV090).

4) The comparison of two binary string values, X and Y, of which at least one is a binary large object
string value, is determined by comparison of their octets with the same ordinal position. Let Xi and
Yi be the values of the i-th octets of X and Y, respectively, and let Lx be the length in octets of X and
let Ly be the length in octets of Y. X is equal to Y if and only if Lx = Ly and if Xi = Yi for all i.

5) The comparison of two binary string values X and Y, neither of which is a binary large object string
value, is determined as follows:

a) Let Lx be the length in octets of X and let Ly be the length in octets of Y. Let Xi, 1 (one) ≤ i ≤ Lx,
be the value of the i-th octet of X, and let Yi, 1 (one) ≤ i ≤ Ly, be the value of the i-th octet of Y.

b) If Lx = Ly and Xi = Yi, 1 (one) ≤ i ≤ Lx, then X is equal to Y.

c) If Lx < Ly, Xi = Yi for all i ≤ Lx, and the right-most Ly − Lx octets of Y are all X'00's, then it is
implementation-defined (IA219) whether X is equal to Y or whether X is less than Y.

d) If Lx < Ly, Xi = Yi for all i ≤ Lx, and at least one of the right-most Ly − Lx octets of Y is not X'00',
then X is less than Y.

e) If Xj < Yj, for some j, 0 (zero) < j ≤minimum(Lx, Ly), and Xi = Yi for all i < j, then X is less than
Y.

6) The comparison of two datetimes is determined according to the interval resulting from their sub-
traction. Let X and Y be the two values to be compared and let H be the least significant <primary
datetimefield>ofX andY, including fractional secondsprecision if thedata type is timeor timestamp.

a) X is equal to Y if and only if

( X - Y ) INTERVAL H = INTERVAL '0' H

is True.

b) X is less than Y if and only if

( X - Y ) INTERVAL H < INTERVAL '0' H

is True.
NOTE333—Twodatetimes are comparable only if theyhave the same<primarydatetimefield>s; see Subclause4.7.2,
“Datetimes”.
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7) The comparison of two intervals is determined by the comparison of their corresponding values
after conversion to integers in some common base unit. Let X and Y be the two intervals to be
compared. Let A TO B be the specified or implied interval qualifier of X and C TO D be the specified
or implied interval qualifier of Y. Let T be the least significant <primary datetime field> of B and D
and let U be an interval qualifier of the form T(N), where N is an <interval leading field precision>
large enough so that significance is not lost in the CAST operation.

Let XVE be the <value expression>

CAST ( X AS INTERVAL U )

Let YVE be the <value expression>

CAST ( Y AS INTERVAL U )

a) X is equal to Y if and only if

CAST ( XVE AS INTEGER ) = CAST ( YVE AS INTEGER )

is True.

b) X is less than Y if and only if

CAST ( XVE AS INTEGER ) < CAST ( YVE AS INTEGER )

is True.

8) In comparisons of Boolean values, True is greater than False

9) The result of comparing two REF values X and Y is determined by the comparison of their octets
with the same ordinal position. Let Lx be the length in octets of X and let Ly be the length in octets
of Y. Let Xi and Yi, 1 (one) ≤ i ≤ Lx, be the values of the i-th octets of X and Y, respectively. X is equal
to Y if and only if Lx = Ly and, for all i, Xi = Yi.

10) The comparison of two SQL/JSON values X and Y is determined as follows:

a) X is equal to Y if and only if X is equivalent to Y.
NOTE 334— Subclause 4.48.3, “SQL/JSON data model”, defines when two SQL/JSON items are equivalent. A
non-null SQL/JSON value is an SQL/JSON item.

b) X is less than Y if and only if exactly one of the following is true:

i) X is the SQL/JSON null value and Y is not the SQL/JSON null value.

ii) X is an SQL/JSON scalar and Y is either an SQL/JSON object or an SQL/JSON array.

iii) X is an SQL/JSON array and Y is an SQL/JSON object.

iv) If X is an SQL/JSON scalar that is a number, character string, Boolean, or datetime,
respectively andY is an SQL/JSON scalar that is not a number, character string, Boolean,
or datetime, respectively, then it is implementation-defined (IA228) whether X < Y is
True.

v) X and Y are both SQL/JSON scalars that are numbers and X < Y is True.

vi) X and Y are both SQL/JSON scalars that are character strings and

X < Y COLLATE UCS_BASIC

is True.

vii) X and Y are both SQL/JSON scalars that are Booleans and X < Y is True.
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viii) X and Y are both SQL/JSON scalars that are datetimes and exactly one of the following
is true:

1) If X is a time value and Y is not a time value, then it is implementation-defined
(IA228) whether X < Y is True.

2) X and Y are both time values and X < Y is True.

3) X and Y are both date values and X < Y is True.

4) X is a date value and Y is a timestamp value and

CAST(X AS TIMESTAMP) < Y

is True.

5) X and Y are both timestamp values and X < Y is True.

ix) X and Y are both SQL/JSON arrays. Let CX be the cardinality of X and let CY be the car-
dinality of Y. LetMC be the lesser of CX and CY. Let Xi be the i-th element of X, 1 (one)
≤ i ≤ CX, and let Yi be the i-th element of Y, 1 (one) ≤ i ≤ CY. Exactly one of the following
is true:

1) CX < CY is True and Xi = Yi is True for 1 (one) ≤ i < CX.

2) Xi < Yi is True for some i ≤MC and Xj = Yj is True for 1 (one) ≤ j < i.

x) If X and Y are both SQL/JSONobjects that are not equivalent, then it is implementation-
defined (IA229) whether X < Y is True.

Conformance Rules

None.
NOTE 335— If <comp op> is <equals operator> or <not equals operator>, then the Conformance Rules of Subclause 9.11,
“Equality operations”, apply. Otherwise, the Conformance Rules of Subclause 9.14, “Ordering operations”, apply.
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8.3 <between predicate>

Function

Specify a range comparison.

Format
<between predicate> ::=
<row value predicand> <between predicate part 2>

<between predicate part 2> ::=
[ NOT ] BETWEEN [ ASYMMETRIC | SYMMETRIC ]

<row value predicand> AND <row value predicand>

Syntax Rules

1) If neither SYMMETRIC nor ASYMMETRIC is specified, then ASYMMETRIC is implicit.

2) Let X, Y, and Z be the first, second, and third <row value predicand>s, respectively.

3) “X NOT BETWEEN SYMMETRIC Y AND Z” is equivalent to “NOT ( X BETWEEN SYMMETRIC Y AND
Z )”.

4) “X BETWEEN SYMMETRIC Y AND Z” is equivalent to “((X BETWEEN ASYMMETRIC Y AND Z) OR (X
BETWEEN ASYMMETRIC Z AND Y))”.

5) “X NOT BETWEEN ASYMMETRIC Y AND Z” is equivalent to “NOT ( X BETWEEN ASYMMETRIC Y
AND Z )”.

6) “X BETWEEN ASYMMETRIC Y AND Z” is equivalent to “X>=Y AND X<=Z”.

7) The Conformance Rules of Subclause 8.2, “<comparison predicate>”, are applied to the result of all
syntactic transformations specified in this Subclause.

Access Rules

None.

General Rules

None.

Conformance Rules

1) WithoutFeatureT461, “SymmetricBETWEENpredicate”, conformingSQL language shall not contain
a <between predicate> that simply contains SYMMETRIC or ASYMMETRIC.

NOTE 336— Since <between predicate> is an ordering operation, the Conformance Rules of Subclause 9.14,
“Ordering operations”, also apply.
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8.4 <in predicate>

Function

Specify a quantified comparison.

Format
<in predicate> ::=
<row value predicand> <in predicate part 2>

<in predicate part 2> ::=
[ NOT ] IN <in predicate value>

<in predicate value> ::=
<table subquery>

| <left paren> <in value list> <right paren>

<in value list> ::=
<row value expression> [ { <comma> <row value expression> }... ]

Syntax Rules

1) If <in value list> consists of a single <row value expression>, then that <row value expression> shall
not be a <scalar subquery>.

NOTE 337— This Syntax Rule resolves an ambiguity in which <in predicate value> might be interpreted either as
a <table subquery> or as a <scalar subquery>. The ambiguity is resolved by adopting the interpretation that the <in
predicate value> will be interpreted as a <table subquery>.

2) Let IVL be an <in value list>.

( IVL )

is equivalent to the <table value constructor>:

( VALUES IVL )

3) Let RVC be the <row value predicand> and let IPV be the <in predicate value>.

4) The expression

RVC NOT IN IPV

is equivalent to

NOT ( RVC IN IPV )

5) The expression

RVC IN IPV

is equivalent to the <quantified comparison predicate>:

RVC = ANY IPV
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Access Rules

None.

General Rules

None.

Conformance Rules

1) Without Feature F561, “Full value expressions”, conforming SQL language shall not contain a <row
value expression> immediately contained in an <in value list> that is not a <value specification>.

NOTE 338— Since <in predicate> is an equality operation, the Conformance Rules of Subclause 9.11, “Equality
operations”, also apply.
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8.5 <like predicate>

Function

Specify a pattern-match comparison.

Format
<like predicate> ::=

<character like predicate>
| <octet like predicate>

<character like predicate> ::=
<row value predicand> <character like predicate part 2>

<character like predicate part 2> ::=
[ NOT ] LIKE <character pattern> [ ESCAPE <escape character> ]

<character pattern> ::=
<character value expression>

<escape character> ::=
<character value expression>

<octet like predicate> ::=
<row value predicand> <octet like predicate part 2>

<octet like predicate part 2> ::=
[ NOT ] LIKE <octet pattern> [ ESCAPE <escape octet> ]

<octet pattern> ::=
<binary value expression>

<escape octet> ::=
<binary value expression>

Syntax Rules

1) The <row value predicand> immediately contained in <character like predicate> shall be a <row
value constructor predicand> that is a <common value expression> CVE. The declared types of CVE,
<character pattern>, and <escape character> shall be character string. CVE, <character pattern>,
and <escape character> shall be comparable.

2) The <row value predicand> immediately contained in <octet like predicate> shall be a <row value
constructor predicand> that is a <commonvalue expression>OVE. The declared types ofOVE, <octet
pattern>, and <escape octet> shall be binary string.

3) If <character like predicate> is specified, then:

a) LetMC be the <character value expression> of CVE, let PC be the <character value expression>
of the <character pattern>, and let EC be the <character value expression> of the <escape
character> if one is specified.

b) MC NOT LIKE PC

is equivalent to

NOT (MC LIKE PC)

522 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
8.5 <like predicate>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


c) MC NOT LIKE PC ESCAPE EC

is equivalent to

NOT (MC LIKE PC ESCAPE EC)

d) The SyntaxRules of Subclause 9.15, “Collation determination”, are appliedwith set of declared
typesofCVE andPC asTYPESET; let the collationused for <likepredicate>be theCOLL returned
from the application of those Syntax Rules. Let LCN be a collation equivalent to COLLwith the
NO PAD characteristic.

It is implementation-defined (IA060) which collations can be used as collations for the <like
predicate>.

4) If <octet like predicate> is specified, then:

a) LetMB be the <binary value expression> of the OVE, let PB be the <binary value expression>
of the <octet pattern>, and let EB be the <binary value expression> of the <escape octet> if
one is specified.

b) MB NOT LIKE PB

is equivalent to

NOT (MB LIKE PB)

c) MB NOT LIKE PB ESCAPE EB

is equivalent to

NOT (MB LIKE PB ESCAPE EB)

Access Rules

None.

General Rules

1) LetMCV be the value ofMC and let PCV be the value of PC. If EC is specified, then let ECV be its value.

2) LetMBV be the value ofMB and let PBV be the value of PB. If EB is specified, then let EBV be its
value.

3) If <character like predicate> is specified, then:

a) Case:

i) If ESCAPE is not specified and at least one ofMCV and PCV are the null value, then the
result of

MC LIKE PC

is Unknown.

ii) If ESCAPE is specified and at least one ofMCV, PCV, and ECV are null values, then the
result of

MC LIKE PC ESCAPE EC

is Unknown.
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NOTE 339— If none ofMCV, PCV, and ECV (if present) are the null value, then the result is eitherTrue or False.

b) Case:

i) If an <escape character> is specified, then:

1) If the length in characters of ECV is not equal to 1, then an exception condition is
raised: data exception— invalid escape character (22019).

2) If there is not a partitioning of the string PCV into substrings such that each sub-
stringhas length1 (one) or 2, no substringof length1 (one) is the escape character
ECV, and each substring of length 2 is the escape characterECV followedby either
the escape characterECV, an <underscore> character, or the <percent> character,
then an exception condition is raised: data exception— invalid escape sequence
(22025).

If there is such apartitioningofPCV, then in that partitioning, each substringwith
length 2 represents a single occurrence of the second character of that substring
and is called a single character specifier.

Each substringwith length 1 (one) that is the <underscore> character represents
an arbitrary character specifier. Each substring with length 1 (one) that is the
<percent> character represents an arbitrary string specifier. Each substring with
length 1 (one) that is neither the <underscore> character nor the <percent>
character represents the character that it contains and is called a single character
specifier.

ii) If an <escape character> is not specified, then each <underscore> character in PCV
represents an arbitrary character specifier, each <percent> character inPCV represents
an arbitrary string specifier, and each character inPCV that is neither the<underscore>
character nor the <percent> character represents itself and is called a single character
specifier.

c) The string PCV is a sequence of the minimum number of substring specifiers such that each
portion of PCV is part of exactly one substring specifier. A substring specifier is an arbitrary
character specifier, arbitrary string specifier, or any sequence of single character specifiers.

d) Case:

i) If the lengths of bothMCV and PCV are 0 (zero), then

MC LIKE PC

is True.

ii) The <predicate>

MC LIKE PC

is True if there exists a partitioning ofMCV into substrings such that:

1) A substring ofMCV is a sequence of 0 (zero) or more contiguous characters of
MCV and each character ofMCV is part of exactly one substring.

2) If the i-th substring specifier PCVi of PCV is an arbitrary character specifier, then
the i-th substringMCVi ofMCV is any single character.

3) If the i-th substring specifier of PCV is an arbitrary string specifier, then the i-th
substring ofMCV is any sequence of 0 (zero) or more characters.
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4) If the i-th substring specifier of PCV is sequence of single character specifiers,
then the i-th substring ofMCV contains 1 (one) or more characters and

'PCVi' = 'MCVi' COLLATE LCN

is True.

5) The number of substrings ofMCV is equal to the number of substring specifiers
of PCV.

iii) Otherwise,

MC LIKE PC

is False.

4) If <octet like predicate> is specified, then:

a) Case:

i) If ESCAPE is not specified and at least one ofMBV and PBV are null values, then the
result of

MB LIKE PB

is Unknown.

ii) If ESCAPE is specified and at least one ofMBV, PBV, and EBV are null values, then the
result of

MB LIKE PB ESCAPE EB

is Unknown.
NOTE 340— If none ofMBV, PBV, and EBV (if present) are the null value, then the result is either True or
False.

b) <percent> in the context of an <octet like predicate> has the same bit pattern as the encoding
of a <percent> in the SQL_TEXT character set.

c) <underscore> in the context of an <octet like predicate> has the same bit pattern as the
encoding of an <underscore> in the SQL_TEXT character set.

d) Case:

i) If an <escape octet> is specified, then:

1) If the length in octets of EBV is not equal to 1, then an exception condition is
raised: data exception— invalid escape octet (2200D).

2) If there is not a partitioning of the string PBV into substrings such that each sub-
string has length 1 (one) or 2, no substring of length 1 (one) is the escape octet
EBV, and each substring of length 2 is the escape octet EBV followed by either the
escapeoctetEBV, an <underscore>octet, or the<percent>octet, then anexception
condition is raised: data exception— invalid escape sequence (22025).

If there is such apartitioningofPBV, then in that partitioning, each substringwith
length 2 represents a single occurrence of the secondoctet of that substring. Each
substring with length 1 (one) that is the <underscore> octet represents an
arbitrary octet specifier. Each substring with length 1 (one) that is the <percent>
octet represents an arbitrary string specifier. Each substring with length 1 (one)
that is neither the <underscore> octet nor the <percent> octet represents the
octet that it contains.
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ii) If an <escape octet> is not specified, then each <underscore> octet in PBV represents
an arbitrary octet specifier, each <percent> octet in PBV represents an arbitrary string
specifier, and eachoctet inPBV that is neither the <underscore> octet nor the <percent>
octet represents itself.

e) The string PBV is a sequence of the minimum number of substring specifiers such that each
portion of PBV is part of exactly one substring specifier. A substring specifier is an arbitrary
octet specifier, an arbitrary string specifier, or any sequence of octets other than an arbitrary
octet specifier or an arbitrary string specifier.

f) Case:

i) If the lengths of bothMBV and PBV are 0 (zero), then

MB LIKE PB

is True.

ii) The <predicate>

MB LIKE PB

is True if there exists a partitioning ofMBV into substrings such that:

1) A substring ofMBV is a sequence of 0 (zero) or more contiguous octets ofMBV
and each octet ofMBV is part of exactly one substring.

2) If the i-th substring specifier ofPBV is an arbitrary octet specifier, the i-th substring
ofMBV is any single octet.

3) the i-th substring specifier of PBV is an arbitrary string specifier, then the i-th
substring ofMBV is any sequence of 0 (zero) or more octets.

4) If the i-th substring specifier of PBV is neither an arbitrary character specifier
nor an arbitrary string specifier, then the i-th substring ofMBV has the same
length and bit pattern as that of the substring specifier.

5) The number of substrings ofMBV is equal to the number of substring specifiers
of PBV.

iii) Otherwise:

MB LIKE PB

is False.

Conformance Rules

1) Without at least one of FeatureT042, “ExtendedLOBdata type support”, or FeatureT022, “Advanced
support for BINARY and VARBINARY data types”, conforming SQL language shall not contain an
<octet like predicate>.

2) WithoutFeatureF281, “LIKEenhancements”, conformingSQL language shall not contain a<common
value expression> simply contained in the <row value predicand> immediately contained in
<character like predicate> that is not a column reference.

3) Without Feature F281, “LIKE enhancements”, conforming SQL language shall not contain a <char-
acter pattern> that is not a <value specification>.

4) Without Feature F281, “LIKEenhancements”, conforming SQL language shall not contain an<escape
character> that is not a <value specification>.
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5) Without FeatureT042, “ExtendedLOBdata type support”, in conforming SQL language, a <character
value expression> simply contained in a <like predicate> shall not be of declared type CHARACTER
LARGE OBJECT

6) Without both Feature F421, “National character”, and Feature T042, “Extended LOB data type
support”, in conforming SQL language, a <character value expression> simply contained in a <like
predicate> shall not be of declared type NATIONAL CHARACTER LARGE OBJECT.

7) Without Feature F421, “National character”, in conforming SQL language, a <character value
expression> simply contained in a <like predicate> shall not be of declared type NATIONAL
CHARACTER or NATIONAL CHARACTER VARYING.

© ISO/IEC 2023 – All rights reserved 527

ISO/IEC 9075-2:2023(E)
8.5 <like predicate>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


8.6 <similar predicate>

Function

Specify a character string similarity by means of a regular expression.

Format
<similar predicate> ::=
<row value predicand> <similar predicate part 2>

<similar predicate part 2> ::=
[ NOT ] SIMILAR TO <similar pattern> [ ESCAPE <escape character> ]

<similar pattern> ::=
<character value expression>

<regular expression> ::=
<regular term>

| <regular expression> <vertical bar> <regular term>

<regular term> ::=
<regular factor>

| <regular term> <regular factor>

<regular factor> ::=
<regular primary>

| <regular primary> <asterisk>
| <regular primary> <plus sign>
| <regular primary> <question mark>
| <regular primary> <repeat factor>

<repeat factor> ::=
<left brace> <low value> [ <upper limit> ] <right brace>

<upper limit> ::=
<comma> [ <high value> ]

<low value> ::=
<unsigned decimal integer>

<high value> ::=
<unsigned decimal integer>

<regular primary> ::=
<character specifier>

| <percent>
| <regular character set>
| <left paren> <regular expression> <right paren>

<character specifier> ::=
<non-escaped character>

| <escaped character>

<non-escaped character> ::=
!! See the Syntax Rules.

<escaped character> ::=
!! See the Syntax Rules.

<regular character set> ::=
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<underscore>
| <left bracket> <character enumeration>... <right bracket>
| <left bracket> <circumflex> <character enumeration>... <right bracket>
| <left bracket> <character enumeration include>...

<circumflex> <character enumeration exclude>... <right bracket>

<character enumeration include> ::=
<character enumeration>

<character enumeration exclude> ::=
<character enumeration>

<character enumeration> ::=
<character specifier>

| <character specifier> <minus sign> <character specifier>
| <left bracket> <colon> <regular character set identifier> <colon> <right bracket>

<regular character set identifier> ::=
<identifier>

Syntax Rules

1) The <row value predicand> shall be a <row value constructor predicand> that is a <common value
expression> CVE. The declared types of CVE, <similar pattern>, and <escape character> shall be
character string. CVE, <similar pattern>, and <escape character> shall be comparable.

NOTE341—An implication of the preceding Rule is that CVE immediately contains a <string value expression> that,
in turn, immediately contains a <character value expression>. In other words, CVE is necessarily a <character value
expression>.

2) Let CM be the <character value expression> of CVE and let SP be the <similar pattern>. If <escape
character> EC is specified, then

CM NOT SIMILAR TO SP ESCAPE EC

is equivalent to

NOT ( CM SIMILAR TO SP ESCAPE EC )

If <escape character> EC is not specified, then

CM NOT SIMILAR TO SP

is equivalent to

NOT ( CM SIMILAR TO SP )

3) The value of the <identifier> that is a <regular character set identifier> shall be either ALPHA,
UPPER, LOWER, DIGIT, ALNUM, SPACE, or WHITESPACE.

4) The Syntax Rules of Subclause 9.15, “Collation determination”, are applied with set of declared
types of CVE, SP, and (if specified) EC as TYPESET; let the collation used for <similar predicate> be
the COLL returned from the application of those Syntax Rules.

It is implementation-defined (IA061)which collations can be used as collations for <similar predic-
ate>.

5) A <non-escaped character> is any single character from the character set of the <similar pattern>
that is not a <left bracket>, <right bracket>, <left paren>, <right paren>, <vertical bar>, <circumflex>,
<minus sign>, <plus sign>, <asterisk>, <underscore>, <percent>, <questionmark>, <left brace>, or
the character specified by the result of the <character value expression> of <escape character>. A
<character specifier> that is a <non-escaped character> represents itself.
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6) An <escaped character> is a sequence of two characters: the character specified by the result of the
<character value expression> of <escape character>, followed by a second character that is a <left
bracket>, <right bracket>, <left paren>, <right paren>, <vertical bar>, <circumflex>, <minus sign>,
<plus sign>, <asterisk>, <underscore>, <percent>, <question mark>, <left brace>, or the character
specified by the result of the <character value expression> of <escape character>. A <character
specifier> that is an <escaped character> represents its second character.

7) Neither <low value> nor <high value> shall contain an <underscore>.
NOTE 342—This Syntax Rule maintains consistency of the quantifier syntax in a <similar pattern> and an <XQuery
pattern>.

8) The value of <low value> shall be a positive integer. The value of <high value> shall be greater than
or equal to the value of <low value>.

Access Rules

None.

General Rules

1) LetMCV be the result of the <character value expression> of CVE and let PCV be the result of the
<character value expression> of the <similar pattern>. If EC is specified, then let ECV be its value.

2) If the result of the <character value expression> of the <similar pattern> is not the zero-length
character string anddoes not have the format of a <regular expression>, then an exception condition
is raised: data exception— invalid regular expression (2201B).

3) If an <escape character> is specified, then:

a) If the length in characters of ECV is not equal to 1 (one), then an exception condition is raised:
data exception— invalid escape character (22019).

b) If ECV is one of <left bracket>, <right bracket>, <left paren>, <right paren>, <vertical bar>,
<circumflex>, <minus sign>, <plus sign>, <asterisk>, <underscore>, <percent>, <question
mark>, or <left brace> and ECV occurs in the <regular expression> except in an <escaped
character>, then an exception condition is raised: data exception— invalid use of escape
character (2200C).

c) If ECV is a <colon> and the <regular expression> contains a <regular character set identifier>,
then an exception condition is raised: data exception— escape character conflict (2200B).

4) Case:

a) If ESCAPE is not specified and at least one ofMCV and PCV are the null value, then the result
of

CM SIMILAR TO SP

is Unknown.

b) If ESCAPE is specified, then if at least one ofMCV, PCV, and ECV are the null value, then the
result of

CM SIMILAR TO SP ESCAPE EC

is Unknown.
NOTE 343— If none ofMCV, PCV, and ECV (if present) are the null value, then the result is either True or False.
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5) The set of characters in a <character enumeration> is defined as

Case:

a) If the enumeration is specified in the form “<character specifier> <minus sign> <character
specifier>”, then the set of all characters that collate greater than or equal to the character
representedby the left <character specifier>and less thanor equal to the character represented
by the right <character specifier>, according to the collation of the pattern PCV.

b) Otherwise, the character that the <character specifier> in the <character enumeration> rep-
resents.

6) Let LV be the value of the <low value> contained in a <repeat factor> RF.

Case:

a) If RF does not contain an <upper limit>, then let HV be LV.

b) If RF contains an <upper limit> that contains a <high value>, then letHV be the value of <high
value>.

c) Otherwise, let HV be the length or maximum length of CVE.

7) LetRbe the result of the <character value expression>of the <similar pattern>. The regular language
L(R) of the <similar pattern> is a (possibly infinite) set of strings. It is defined recursively for well-
formed <regular expression>s Q, Q1, and Q2 by the following rules:

a) L( Q1 <vertical bar> Q2 )

is the union of L(Q1) and L(Q2)

b) L( Q <asterisk> )

is the set of all strings that can be constructed by concatenating zero or more strings from
L(Q).

c) L( Q <plus sign> )

is the set of all strings that can be constructed by concatenating one or more strings from
L(Q).

d) L( Q <repeat factor> )

is the set of all strings that can be constructed by concatenatingNS, LV ≤NS ≤HV, strings from
L(Q).

e) L( <character specifier> )

is a set that contains a single string of length 1 (one) with the character that the <character
specifier> represents

f) L( <percent> )

is the set of all strings of any length (zero or more) from the character set of the pattern PCV.

g) L( Q <question mark> )

is the set of all strings that can be constructed by concatenating exactly 0 (zero) or 1 (one)
strings from L(Q).

h) L( <left paren> Q <right paren> )

is equal to L(Q)
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i) L( <underscore> )

is the set of all strings of length 1 (one) from the character set of the pattern PCV.

j) L( <left bracket> <character enumeration> <right bracket> )

is the set of all strings of length 1 (one) from the set of characters in the <character enumera-
tion>s.

k) L( <left bracket> <circumflex> <character enumeration> <right bracket> )

is the set of all strings of length 1 (one) with characters from the character set of the pattern
PCV that are not contained in the set of characters in the <character enumeration>.

l) L( <left bracket> <character enumeration include> <circumflex> <character enumeration
exclude> <right bracket> )

is the set of all strings of length 1 (one) taken from the set of characters in the <character
enumeration include>s, except for those strings of length 1 (one) taken from the set of char-
acters in the <character enumeration exclude>.

m) L( <left bracket> <colon> ALPHA <colon> <right bracket> )

is the set of all character strings of length 1 (one) that are <simple Latin letter>s.

n) L( <left bracket> <colon> UPPER <colon> <right bracket> )

is the set of all character strings of length 1 (one) that are <simple Latin upper-case letter>s.

o) L( <left bracket> <colon> LOWER <colon> <right bracket> )

is the set of all character strings of length 1 (one) that are <simple Latin lower-case letter>s.

p) L( <left bracket> <colon> DIGIT <colon> <right bracket> )

is the set of all character strings of length 1 (one) that are <digit>s.

q) L( <left bracket> <colon> SPACE <colon> <right bracket> )

is the set of all character strings of length 1 (one) that are the <space> character.

r) L( <left bracket> <colon>WHITESPACE <colon> <right bracket> )

is the set of all character strings of length 1 (one) that are whitespace characters.
NOTE 344— “whitespace” is defined in Clause 3, “Terms and definitions”.

s) L( <left bracket> <colon> ALNUM <colon> <right bracket> )

is the set of all character strings of length 1 (one) that are <simple Latin letter>s or <digit>s.

t) L( Q1 || Q2 )

is the set of all strings that can be constructed by concatenating one element of L(Q1) and one
element of L(Q2).

u) L( Q )

is the set of the zero-length character string, if Q is an empty regular expression.

8) The <similar predicate>

CM SIMILAR TO SP
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is True, if there exists at least one element of L(R) that is equal toMCV according to the collation of
the <similar predicate>; otherwise, it is False.

NOTE345—The<similar predicate> is defineddifferently fromequivalent formsof the LIKEpredicate. In particular,
blanks at the end of a pattern and collation are handled differently.

Conformance Rules

1) Without Feature T141, “SIMILAR predicate”, conforming SQL language shall not contain a <similar
predicate>.

2) Without FeatureT042, “ExtendedLOBdata type support”, in conforming SQL language, a <character
valueexpression>simply contained ina<similarpredicate> shall notbeofdeclared typeCHARACTER
LARGE OBJECT.
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8.7 <regex like predicate>

Function

Specify a pattern-match comparison using an XQuery regular expression.

Format
<regex like predicate> ::=
<row value predicand> <regex like predicate part 2>

<regex like predicate part 2> ::=
[ NOT ] LIKE_REGEX <XQuery pattern> [ FLAG <XQuery option flag> ]

Syntax Rules

1) The <row value predicand> immediately contained in <regex like predicate> shall be a <row value
constructor predicand> that is a <common value expression> CVEwhose declared type is character
string.

2) If <XQuery option flag> is not specified, then the zero-length character string is implicit.

3) Let PAT be the <XQuery pattern> and let FL be the implicit or explicit <XQuery option flag>.

CVE NOT LIKE_REGEX PAT FLAG FL

is equivalent to

NOT ( CVE LIKE_REGEX PAT FLAG FL )

Access Rules

None.

General Rules

1) The value of the <predicate>

CVE LIKE_REGEX PAT FLAG FL

is

Case:

a) If at least one of CVE, PAT, and FL is the null value, then Unknown.

b) Otherwise, the General Rules of Subclause 9.28, “XQuery regular expression matching”, are
applied with CVE as STRING, PAT as PATTERN, 1 (one) as POSITION, CHARACTERS as UNITS,
and FL as FLAG; let LOMV be the LIST returned from the application of those General Rules.

Case:

i) If the list of match vectors in LOMV is non-empty, then True.

ii) Otherwise, False.
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Conformance Rules

1) Without Feature F841, “LIKE_REGEX predicate”, conforming SQL language shall not contain <regex
like predicate>.

2) Without Feature F847, “Non-constant regular expression”, in conforming SQL language, <XQuery
pattern> and <XQuery option flag> shall be <value specification>s.
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8.8 <null predicate>

Function

Specify a test for a null value.

Format
<null predicate> ::=
<row value predicand> <null predicate part 2>

<null predicate part 2> ::=
IS [ NOT ] NULL

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let R be the <row value predicand> and let V be the value of R.

2) Case:

a) If V is the null value, then “R IS NULL” is True and the value of “R IS NOT NULL” is False.

b) Otherwise:

i) The value of “R IS NULL” is

Case:

1) If the value of every field of V is the null value, then True.

2) Otherwise, False.

ii) The value of “R IS NOT NULL” is

Case:

1) If the value of no field of V is the null value, then True.

2) Otherwise, False.
NOTE346—For allR, “R IS NOTNULL” has the same result as “NOTR IS NULL” if and only ifR is of degree 1. Table 18,
“<null predicate> semantics”, specifies this behavior.
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Table 18— <null predicate> semantics

NOT R IS NOT NULLNOT R IS
NULL

R IS NOT
NULL

R IS NULLExpression

TrueFalseFalseTruedegree 1: null

FalseTrueTrueFalsedegree 1: not null

TrueFalseFalseTruedegree > 1: all null

TrueTrueFalseFalsedegree > 1: some null

FalseTrueTrueFalsedegree > 1: none null

Conformance Rules

None.
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8.9 <quantified comparison predicate>

Function

Specify a quantified comparison.

Format
<quantified comparison predicate> ::=
<row value predicand> <quantified comparison predicate part 2>

<quantified comparison predicate part 2> ::=
<comp op> <quantifier> <table subquery>

<quantifier> ::=
<all>

| <some>

<all> ::=
ALL

<some> ::=
SOME

| ANY

Syntax Rules

1) Let RV1 and RV2 be <row value predicand>swhose declared types are respectively that of the <row
value predicand> and the row type of the <table subquery>. The Syntax Rules and Conformance
Rules of Subclause 8.2, “<comparison predicate>”, are applied to:

RV1 <comp op> RV2

Access Rules

None.

General Rules

1) Let R be the result of the <row value predicand> and let T be the result of the <table subquery>.

2) The result of “R<compop><quantifier>T” is derivedby the applicationof the implied<comparison
predicate> “R <comp op> RT” to every row RT in T.

Case:

a) If T is empty or if the implied <comparison predicate> is True for every row RT in T, then “R
<comp op> <all> T” is True.

b) If the implied <comparison predicate> is False for at least one row RT in T, then “R <comp op>
<all> T” is False.

c) If the implied <comparison predicate> is True for at least one row RT in T, then “R <comp op>
<some> T” is True.
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d) If T is empty or if the implied <comparison predicate> is False for every row RT in T, then “R
<comp op> <some> T” is False.

e) If “R <comp op> <quantifier> T” is neither True nor False, then it is Unknown.

Conformance Rules

None.
NOTE 347— If <equals operator> or <not equals operator> is specified, then the <quantified comparison predicate> is an
equality operator and the Conformance Rules of Subclause 9.11, “Equality operations”, apply. Otherwise, the <quantified
comparison predicate> is an ordering operation, and the Conformance Rules of Subclause 9.14, “Ordering operations”,
apply.
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8.10 <exists predicate>

Function

Specify a test for a non-empty set.

Format
<exists predicate> ::=
EXISTS <table subquery>

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let T be the result of the <table subquery>.

2) If the cardinality of T is greater than 0 (zero), then the result of the <exists predicate> is True; oth-
erwise, the result of the <exists predicate> is False.

Conformance Rules

1) Without Feature T501, “Enhanced EXISTS predicate”, conforming SQL language shall not contain
an <exists predicate> that simply contains a <table subquery> inwhich the <select list> of a <query
specification> directly contained in the <table subquery> does not comprise either an <asterisk>
or a single <derived column>.
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8.11 <unique predicate>

Function

Specify a test for the absence of duplicate rows.

Format
<unique predicate> ::=
UNIQUE [ <unique null treatment> ] <table subquery>

<unique null treatment> ::=
NULLS [ NOT ] DISTINCT

Syntax Rules

1) Each column of user-defined type in the result of the <table subquery> shall have a comparison
type.

2) Each column of the <table subquery> is an operand of a grouping operation. The Syntax Rules and
Conformance Rules of Subclause 9.12, “Grouping operations”, apply.

3) If <unique null treatment> is not specified, then an implementation-defined (ID106) <unique null
treatment> is implicit.

Access Rules

None.

General Rules

1) Let T be the result of the <table subquery>.

2) Let UNT be the implicit or explicit <unique null treatment>.

Case:

a) If there are zero or one rows in T, then the result of the <unique predicate> is True.

b) If UNT is NULLS DISTINCT, and for every two rows R1 and R2 in T, R1 and R2 are unique with
nulls distinct, then the result of the <unique predicate> is True.

c) If UNT is NULLS NOT DISTINCT, and for every two rows R1 and R2 in T, R1 and R2 are unique
with nulls not distinct, then the result of the <unique predicate> is True.

d) Otherwise, the result of the <unique predicate> is False.

Conformance Rules

1) Without Feature F291, “UNIQUE predicate”, conforming SQL language shall not contain a <unique
predicate>.

NOTE 348— The Conformance Rules of Subclause 9.12, “Grouping operations”, also apply.

© ISO/IEC 2023 – All rights reserved 541

ISO/IEC 9075-2:2023(E)
8.11 <unique predicate>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


2) Without Feature F292, “UNIQUE null treatment”, conforming SQL language shall not contain an
explicit <unique null treatment>.
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8.12 <normalized predicate>

Function

Determine whether a character string value is normalized.

Format
<normalized predicate> ::=
<row value predicand> <normalized predicate part 2>

<normalized predicate part 2> ::=
IS [ NOT ] [ <normal form> ] NORMALIZED

Syntax Rules

1) The <row value predicand> shall be a <row value constructor predicand> that is a <common value
expression> CVE. The declared type of CVE shall be character string and the character set of CVE
shall be UTF8, UTF16, or UTF32.

2) Case:

a) If <normal form> is specified, then let NF be <normal form>.

b) Otherwise, let NF be NFC.

3) The expression

CVE IS NOT NF NORMALIZED

is equivalent to

NOT ( CVE IS NF NORMALIZED )

Access Rules

None.

General Rules

1) The result of CVE IS NF NORMALIZED is

Case:

a) If the value of CVE is the null value, then Unknown.

b) If the value of CVE is in the normalization form specified by NF, as defined by ISO/IEC
10646:2020, then True.

c) Otherwise, False.

Conformance Rules

1) Without Feature T061, “UCS support”, conforming SQL language shall not contain a <normalized
predicate>.
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2) Without Feature F394, “Optional normal form specification”, conforming SQL language shall not
contain <normal form>.
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8.13 <match predicate>

Function

Specify a test for matching rows.

Format
<match predicate> ::=
<row value predicand> <match predicate part 2>

<match predicate part 2> ::=
MATCH [ UNIQUE ] [ SIMPLE | PARTIAL | FULL ] <table subquery>

Syntax Rules

1) The row type of the <row value predicand> and the row type of the <table subquery> shall be
comparable.

2) Each field of <row value predicand> and each column of <table subquery> is an operand of an
equalityoperation. TheSyntaxRules andConformanceRulesof Subclause9.11, “Equalityoperations”,
apply.

3) If neither SIMPLE, PARTIAL, nor FULL is specified, then SIMPLE is implicit.

Access Rules

None.

General Rules

1) Let R be the <row value predicand>.

2) If SIMPLE is specified or implicit, then

Case:

a) If R is the null value, then the <match predicate> is True.

b) Otherwise:

i) If the value of some field in R is the null value, then the <match predicate> is True.

ii) If the value of no field in R is the null value, then

Case:

1) If UNIQUE is not specified and there exists a rowRTi of the <table subquery> such
that

R = RTi

then the <match predicate> is True.

2) If UNIQUE is specified and there exists exactly one row RTi in the result of evalu-
ating the <table subquery> such that
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R = RTi

then the <match predicate> is True.

3) Otherwise, the <match predicate> is False.

3) If PARTIAL is specified, then

Case:

a) If R is the null value, then the <match predicate> is True.

b) Otherwise,

Case:

i) If the value of every field in R is the null value, then the <match predicate> is True.

ii) Otherwise,

Case:

1) If UNIQUE is not specified and there exists a rowRTi of the <table subquery> such
that each non-null value of R equals its corresponding value in RTi, then the
<match predicate> is True.

2) If UNIQUE is specified and there exists exactly one row RTi in the result of evalu-
ating the <table subquery> such that each non-null value of R equals its corres-
ponding value in RTi, then the <match predicate> is True.

3) Otherwise, the <match predicate> is False.

4) If FULL is specified, then

Case:

a) If R is the null value, then the <match predicate> is True.

b) Otherwise,

Case:

i) If the value of every field in R is the null value, then the <match predicate> is True.

ii) If the value of no field in R is the null value, then

Case:

1) If UNIQUE is not specified and there exists a rowRTi of the <table subquery> such
that

R = RTi

then the <match predicate> is True.

2) If UNIQUE is specified and there exists exactly one row RTi in the result of evalu-
ating the <table subquery> such that

R = RTi

then the <match predicate> is True.

3) Otherwise, the <match predicate> is False.
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iii) Otherwise, the <match predicate> is False.

Conformance Rules

1) Without Feature F741, “Referential MATCH types”, conforming SQL language shall not contain a
<match predicate>.

NOTE 349— The Conformance Rules of Subclause 9.11, “Equality operations”, also apply.
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8.14 <overlaps predicate>

Function

Specify a test for an overlap between two datetime periods.

Format
<overlaps predicate> ::=
<overlaps predicate part 1> <overlaps predicate part 2>

<overlaps predicate part 1> ::=
<row value predicand 1>

<overlaps predicate part 2> ::=
OVERLAPS <row value predicand 2>

<row value predicand 1> ::=
<row value predicand>

<row value predicand 2> ::=
<row value predicand>

Syntax Rules

1) The degrees of <row value predicand 1> and <row value predicand 2> shall both be 2.

2) The declared types of the first field of <row value predicand 1> and the first field of <row value
predicand 2> shall both be datetime data types and these data types shall be comparable.

NOTE350—Twodatetimes are comparable only if theyhave the same<primarydatetimefield>s; see Subclause4.7.2,
“Datetimes”.

3) The declared type of the second field of each <row value predicand> shall be a datetime data type
or INTERVAL.

Case:

a) If the declared type is INTERVAL, then the precision of the declared type shall be such that
the interval can be added to the datetime data type of the first column of the <row value pre-
dicand>.

b) If the declared type is a datetime data type, then it shall be comparablewith the datetime data
type of the first column of the <row value predicand>.

Access Rules

None.

General Rules

1) If at least one of <row value predicand 1> and <row value predicand 2> is the null value, then the
result of the <overlaps predicate> is Unknown and no further General Rules of this Subclause are
applied.
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2) LetD1 be the value of the first field of <row value predicand 1> andD2 be the value of the first field
of <row value predicand 2>.

3) Case:

a) If themost specific type of the secondfield of <rowvalue predicand 1> is a datetime data type,
then let E1 be the value of the second field of <row value predicand 1>.

b) If the most specific type of the second field of <row value predicand 1> is INTERVAL, then let
I1 be the value of the second field of <row value predicand 1>. Let E1 = D1 + I1.

4) If D1 is the null value or if E1 < D1, then let S1 = E1 and let T1 = D1. Otherwise, let S1 = D1 and let
T1 = E1.

5) Case:

a) If themost specific type of the secondfield of <rowvalue predicand 2> is a datetime data type,
then let E2 be the value of the second field of <row value predicand 2>.

b) If the most specific type of the second field of <row value predicand 2> is INTERVAL, then let
I2 be the value of the second field of <row value predicand 2>. Let E2 = D2 + I2.

6) If D2 is the null value or if E2 < D2, then let S2 = E2 and let T2 = D2. Otherwise, let S2 = D2 and let
T2 = E2.

7) The result of the <overlaps predicate> is the result of the following expression:

( S1 > S2 AND NOT ( S1 >= T2 AND T1 >= T2 ) )
OR

( S2 > S1 AND NOT ( S2 >= T1 AND T2 >= T1 ) )
OR

( S1 = S2 AND ( T1 <> T2 OR T1 = T2 ) )

Conformance Rules

1) Without Feature F053, “OVERLAPS predicate”, conforming SQL language shall not contain an
<overlaps predicate>.

© ISO/IEC 2023 – All rights reserved 549

ISO/IEC 9075-2:2023(E)
8.14 <overlaps predicate>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


8.15 <distinct predicate>
This Subclause is modified by Subclause 8.1, “<distinct predicate>”, in ISO/IEC 9075-15.

Function

Specify a test of whether two row values are distinct

Format
<distinct predicate> ::=
<row value predicand 3> <distinct predicate part 2>

<distinct predicate part 2> ::=
IS [ NOT ] DISTINCT FROM <row value predicand 4>

<row value predicand 3> ::=
<row value predicand>

<row value predicand 4> ::=
<row value predicand>

Syntax Rules

1) The two <row value predicand>s shall be of the same degree.

2) Let respective values be values with the same ordinal position.

3) The declared types of the respective values of the two <row value predicand>s shall be comparable.

4) Let X be the first <row value predicand> and let Y be the second <row value predicand>.

5) Each field of each <row value predicand> is an operand of an equality operation. The Syntax Rules
and Conformance Rules of Subclause 9.11, “Equality operations”, apply.

6) If <distinct predicate part 2> immediately contains NOT, then the <distinct predicate> is equivalent
to:

NOT ( X IS DISTINCT FROM Y )

Access Rules

None.

General Rules

1) Let V1 be the value of <row value predicand 3> and let V2 be the value of <row value predicand 4>.

Case:

a) If both V1 and V2 are the null value, then the result is False.

b) If V1 is the null value and V2 is not the null value, or if V1 is not the null value and V2 is the
null value, then the result is True.

c) Otherwise:
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If V1 and V2 are values of a predefined type or a reference type, then

Case:

i)

1) If V1 and V2 are not equal, then the result is True.

2) Otherwise, the result is False.

ii) If V1 and V2 are values of a user-defined type whose comparison form is RELATIVE or
MAP, then

Case:

1) If the result of comparing V1 and V2 for equality according to Subclause 8.2,
“<comparison predicate>”, is Unknown, then it is implementation-dependent
(UA074) whether the result is True or False.

2) If V1 is not equal to V2, then the result is True.

3) Otherwise, the result is False.

iii) If V1 and V2 are values of a user-defined type whose comparison form is STATE, then

Case:

1) If the most specific types of V1 and V2 are different, then the result is True.

2) If there is an attribute A of their common most specific type such that the value
of A in V1 and the value of A in V2 are distinct, then the result is True.

3) Otherwise, the result is False.

iv) If V1 and V2 are values of row type, then

Case:

1) If at least one of their pairs of respective fields is distinct, then the result is True.

2) Otherwise, the result is False.

v) 15 If V1 and V2 are values of an array type or values of a distinct typewhose source type
is an array type, then

Case:

1) If V1 and V2 do not have the same cardinality, then the result is True.

2) IfV1 andV2have the same cardinality and there exists at least oneordinal position
P such that the array element at positionP inV1 is distinct from the array element
at position P in V2, then the result is True.

3) Otherwise, the result is False.

vi) If V1 and V2 are values of amultiset type or values of a distinct typewhose source type
is a multiset type, then

Case:

1) If there exists a value V in the element type of V1 or V2, including the null value,
such that the number of elements inV1 that are not distinct fromVdoes not equal
the number of elements in V2 that are not distinct from V, then the result is True.

2) Otherwise, the result is False.
NOTE 351— “distinct” is defined in Clause 3, “Terms and definitions”, and Subclause 4.2.5, “Properties of distinct”.
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2) If two <row value predicand>s are not distinct, then they are said to be duplicates. If a number of
<row value predicand>s are all duplicates of each other, then all except one are said to be redundant
duplicates.

Conformance Rules

1) Without Feature T151, “DISTINCTpredicate”, conforming SQL language shall not contain a <distinct
predicate>.

NOTE 352— The Conformance Rules of Subclause 9.11, “Equality operations”, also apply.

2) Without Feature T152, “DISTINCT predicate with negation”, conforming SQL language shall not
contain a <distinct predicate part 2> that immediately contains NOT.
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8.16 <member predicate>

Function

Specify a test of whether a value is a member of a multiset.

Format
<member predicate> ::=
<row value predicand> <member predicate part 2>

<member predicate part 2> ::=
[ NOT ] MEMBER [ OF ] <multiset value expression>

Syntax Rules

1) LetMVE be the <multiset value expression> and let ET be the declared element type ofMVE.

2) Case:

a) If the <rowvalue predicand> is a <rowvalue constructor predicand> that is a single <common
value expression> or <boolean value expression> CVE, then let X be CVE.

b) Otherwise, let X be the <row value predicand>.

3) The declared type of X shall be comparable to ET.

4) X is an operandof an equality operation. The SyntaxRules andConformanceRules of Subclause 9.11,
“Equality operations”, apply.

5) If <memberpredicate part 2> immediately containsNOT, then the<memberpredicate> is equivalent
to

NOT ( X MEMBER OF MVE )

Access Rules

None.

General Rules

1) Let XV be the value of X, and letMV be the value ofMVE.

2) Let N be the result of CARDINALITY (MVE).

3) The <member predicate>

XV MEMBER OF MVE

is evaluated as follows.

Case:

a) If N is 0 (zero), then the <member predicate> is False.

b) If at least one of XV andMV is the null value, then the <member predicate> is Unknown.
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c) Otherwise, letMEi for 1 (one) ≤ i ≤ N be an enumeration of the elements ofMV.

Case:

i) If CV =MEi for some i, then the <member predicate> is True.

ii) IfMEi is the null value for some i, then the <member predicate> is Unknown.

iii) Otherwise, the <member predicate> is False.

Conformance Rules

1) Without Feature S271, “Basic multiset support”, conforming SQL language shall not contain a
<member predicate>.

NOTE 353— The Conformance Rules of Subclause 9.11, “Equality operations”, also apply.
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8.17 <submultiset predicate>

Function

Specify a test of whether a multiset is a submultiset of another multiset.

Format
<submultiset predicate> ::=
<row value predicand> <submultiset predicate part 2>

<submultiset predicate part 2> ::=
[ NOT ] SUBMULTISET [ OF ] <multiset value expression>

Syntax Rules

1) The <row value predicand> shall be a <row value constructor predicand> that is a single <common
value expression> CVE. The declared type of CVE shall be a multiset type or a distinct type whose
source type is a multiset type. Let CVET be the declared element type of CVE.

2) LetMVE be the <multiset value expression>. LetMVET be the declared element type ofMVE.

3) CVET shall be comparable toMVET.

4) CVE andMVE are multiset operands of a multiset element grouping operation. The Syntax Rules
and Conformance Rules of Subclause 9.13, “Multiset element grouping operations”, apply.

5) If <submultiset predicate part 2> immediately contains NOT, then the <submultiset predicate> is
equivalent to

NOT ( CVE SUBMULTISET OF MVE )

Access Rules

None.

General Rules

1) Let CV be the value of CVE, and letMV be the value ofMVE.

2) LetM be the result of CARDINALITY (CV), and let N be the result of CARDINALITY (MV).

3) The <submultiset predicate>

CVE SUBMULTISET OF MVE

is evaluated as follows.

Case:

a) IfM is 0 (zero), then the <submultiset predicate> is True.

b) If at least one of CV andMV is the null value, then the <submultiset predicate> is Unknown.

c) Otherwise,

Case:
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i) IfM > N, then the <submultiset predicate> is False.

ii) If there exists an enumeration CEi for 1 (one) ≤ i ≤M of the elements of CV and an
enumerationMEj for 1 (one) ≤ j ≤ N of the elements ofMV such that for all i, 1 (one) ≤
i ≤M, CEi =MEi, then the <submultiset predicate> is True.

iii) If there exist an enumeration CEi for 1 (one) ≤ i ≤M of the elements of CV and an enu-
merationMEj for 1 (one) ≤ i ≤ N of the elements ofMV such that for all i, 1 (one) ≤ j ≤
M, CEi =MEi is either True or Unknown, then the <submultiset predicate> is Unknown.

iv) Otherwise, the <submultiset predicate> is False.

Conformance Rules

1) Without Feature S275, “Advanced multiset support”, conforming SQL language shall not contain a
<submultiset predicate>.

NOTE 354— The Conformance Rules of Subclause 9.13, “Multiset element grouping operations”, also apply.
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8.18 <set predicate>

Function

Specify a test of whether a multiset is a set (that is, does not contain any duplicates).

Format
<set predicate> ::=
<row value predicand> <set predicate part 2>

<set predicate part 2> ::=
IS [ NOT ] A SET

Syntax Rules

1) The <row value predicand> shall be a <row value constructor predicand> that is a single <common
value expression> CVE. The declared type of CVE shall be a multiset type or a distinct type whose
source type is a multiset type. Let CVET be the element type of CVE.

2) CVE is an operand of a multiset element grouping operation. The Syntax Rules and Conformance
Rules of Subclause 9.13, “Multiset element grouping operations”, apply.

3) If <set predicate part 2> immediately contains NOT, then the <set predicate> is equivalent to

NOT ( CVE IS A SET )

4) If <set predicate part 2> does not immediately contain NOT, then the <set predicate> is equivalent
to

CARDINALITY ( CVE ) = CARDINALITY ( SET ( CVE ) )

Access Rules

None.

General Rules

None.

Conformance Rules

1) Without Feature S271, “Basic multiset support”, conforming SQL language shall not contain a <set
predicate>.

NOTE 355— The Conformance Rules of Subclause 9.13, “Multiset element grouping operations”, also apply.
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8.19 <type predicate>

Function

Specify a type test.

Format
<type predicate> ::=
<row value predicand> <type predicate part 2>

<type predicate part 2> ::=
IS [ NOT ] OF <left paren> <type list> <right paren>

<type list> ::=
<user-defined type specification>
    [ { <comma> <user-defined type specification> }... ]

<user-defined type specification> ::=
<inclusive user-defined type specification>

| <exclusive user-defined type specification>

<inclusive user-defined type specification> ::=
<path-resolved user-defined type name>

<exclusive user-defined type specification> ::=
ONLY <path-resolved user-defined type name>

Syntax Rules

1) The <row value predicand> immediately contained in <type predicate> shall be a <row value con-
structor predicand> that is a <common value expression> CVE.

2) The declared type of CVE shall be a user-defined type.

3) For each <user-defined type name> UDTN contained in a <user-defined type specification>, the
schema identified by the implicit or explicit schemanameofUDTN shall include a user-defined type
descriptor whose name is equivalent to the <qualified identifier> of UDTN.

4) Let the term specified type refer to a user-defined type that is specified by a <user-defined type
name> contained in a <user-defined type specification>. A type specified by an <inclusive user-
defined type specification> is inclusively specified; a type specified by an <exclusive user-defined
type specification> is exclusively specified.

5) LetTbe the type specifiedby<inclusive user-defined type specification>or<exclusive user-defined
type specification>. T shall be a subtype of the declared type of CVE.

NOTE356—The term “subtype family” is defined in Subclause 4.9.3.4, “Subtypes and supertypes”. IfT1 is amember
of the subtype family of T2, then it follows that the subtype family of T1 and the subtype family of T2 are the same
set of types.

6) Let TL be the <type list>.

7) A <type predicate> of the form

CVE IS NOT
OF (TL)

is equivalent to
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NOT ( CVE IS
OF (TL) )

Access Rules

None.

General Rules

1) Let V be the result of evaluating the <row value predicand>.

2) Let ST be the set consisting of every type that is either some exclusively specified type, or a subtype
of some inclusively specified type.

3) Let TPR be the result of evaluating the <type predicate>.

Case:

a) If V is the null value, then TPR is Unknown.

b) If the most specific type of V is a member of ST, then TPR is True.

c) Otherwise, TPR is False.

Conformance Rules

1) Without Feature S151, “Type predicate”, conforming SQL language shall not contain a <type predic-
ate>.
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8.20 <period predicate>

Function

Specify a test to determine the relationship between periods.

Format
<period predicate> ::=

<period overlaps predicate>
| <period equals predicate>
| <period contains predicate>
| <period precedes predicate>
| <period succeeds predicate>
| <period immediately precedes predicate>
| <period immediately succeeds predicate>

<period overlaps predicate> ::=
<period predicand 1> <period overlaps predicate part 2>

<period overlaps predicate part 2> ::=
OVERLAPS <period predicand 2>

<period predicand 1> ::=
<period predicand>

<period predicand 2> ::=
<period predicand>

<period predicand> ::=
<period reference>

| PERIOD <left paren> <period start value> <comma> <period end value> <right paren>

<period reference> ::=
<basic identifier chain>

<period start value> ::=
<datetime value expression>

<period end value> ::=
<datetime value expression>

<period equals predicate> ::=
<period predicand 1> <period equals predicate part 2>

<period equals predicate part 2> ::=
EQUALS <period predicand 2>

<period contains predicate> ::=
<period predicand 1> <period contains predicate part 2>

<period contains predicate part 2> ::=
CONTAINS <period or point-in-time predicand>

<period or point-in-time predicand> ::=
<period predicand>

| <datetime value expression>

<period precedes predicate> ::=
<period predicand 1> <period precedes predicate part 2>

<period precedes predicate part 2> ::=
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PRECEDES <period predicand 2>

<period succeeds predicate> ::=
<period predicand 1> <period succeeds predicate part 2>

<period succeeds predicate part 2> ::=
SUCCEEDS <period predicand 2>

<period immediately precedes predicate> ::=
<period predicand 1> <period immediately precedes predicate part 2>

<period immediately precedes predicate part 2> ::=
IMMEDIATELY PRECEDES <period predicand 2>

<period immediately succeeds predicate> ::=
<period predicand 1> <period immediately succeeds predicate part 2>

<period immediately succeeds predicate part 2> ::=
IMMEDIATELY SUCCEEDS <period predicand 2>

Syntax Rules

1) For each <period predicand> that specifies PERIOD:

a) The declared type of any <period start value> and any <period end value> shall not be TIME
WITH TIME ZONE or TIMEWITHOUT TIME ZONE.

b) Thedeclared type of the <period start value> immediately contained in such a<periodpredic-
and> shall be the same as the declared type of the <period end value> immediately contained
in that same <period predicand>.

2) The declared type of any <datetime value expression> immediately contained in a <period or point-
in-time predicand> shall not be TIMEWITH TIME ZONE or TIMEWITHOUT TIME ZONE.

Access Rules

None.

General Rules

1) The result of a <period predicate> is the truth value of the immediately contained <period overlaps
predicate>, <period equals predicate>, <period contains predicate>, <period precedes predicate>,
<period succeeds predicate>, <period immediately precedes predicate>, or <period immediately
succeeds predicate>.

2) If oneormore<periodpredicand>s specifyPERIOD, then letmbe thenumberof <periodpredicand>s
specified. For i, 1 (one) ≤ i ≤m, let PSVi be the value of <period start value> in the i-th <period pre-
dicand> and let PEVi be the value of <period end value> in the i-th <period predicand>.

Case:

a) If at least one of PSVi and PEVi, 1 (one) ≤ i ≤m, is the null value, then the result of the specified
<period overlaps predicate>, <period equals predicate>, <period contains predicate>, <period
precedespredicate>, <period succeedspredicate>, <period immediately precedespredicate>,
or <period immediately succeeds predicate> is Unknown and no further General Rules of this
Subclause are applied.
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b) If for any i, 1 (one) ≤ i ≤m, PSVi ≥ PEVi, then an exception condition is raised: data exception
— invalid period value (22020).

3) Let n be the implementation-defined (IL055) maximum value of <timestamp precision>.

4) Case:

a) If <period predicate> immediately contains <period contains predicate>, then:

i) Case:

1) If the<periodpredicand> immediately contained in<periodpredicand1>specifies
PERIOD, then letPSV1be<period start value> and letPEV1be<period endvalue>.

2) If the <period predicand> immediately contained in <period predicand 1>
immediately contains a<period reference>PR, then letPDbe theperioddescriptor
of the period identified by PR. Let PN be the name of the period included in PD.
Let PSV1 be the name of the PN period start column included in PD and let PEV1
be the name of the PN period end column included in PD.

ii) Let SV1 be the result of CAST(PSV1 AS TIMESTAMP(n) WITH TIME ZONE). Let EV1 be
the result of CAST(PEV1 AS TIMESTAMP(n) WITH TIME ZONE).

iii) Case:

1) If the <period or point-in-time predicand> immediately contains a <datetime
value expression>, then let DVE be that <datetime value expression>.

2) If the <period predicand> immediately contained in <period or point-in-time
predicand> specifies PERIOD, then let PSV2 be <period start value> and let PEV2
be <period end value>.

3) If the <period predicand> immediately contained in <period or point-in-time
predicand> immediately contains a <period reference> PR, then let PD be the
period descriptor of the period identified by PR. Let PN be the name of the period
included in PD. Let PSV2 be the name of the PN period start column included in
PD and let PEV2 be the name of the PN period end column included in PD.

iv) Case:

1) If the <period or point-in-time predicand> immediately contains a <datetime
value expression>, then let VE be the result of CAST(DVE AS TIMESTAMP(n) WITH
TIME ZONE).

2) Otherwise, let SV2 be the result of CAST(PSV2 AS TIMESTAMP(n) WITH TIME
ZONE). Let EV2 be the result of CAST(PEV2 AS TIMESTAMP(n) WITH TIME ZONE).

v) Case:

1) If the <period or point-in-time predicand> immediately contains a <datetime
value expression> andVE is the null value, then the result of the <period contains
predicate> is Unknown.

2) If the <period or point-in-time predicand> immediately contains a <datetime
value expression> and SV1 ≤ VE and EV1 > VE, then the result of the <period
contains predicate> is True.

3) If the <period or point-in-time predicand> does not immediately contain a <dat-
etime value expression> and SV1 ≤ SV2 and EV1 ≥ EV2, then the result of the
<period contains predicate> is True.

562 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
8.20 <period predicate>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


4) Otherwise, the result of the <period contains predicate> is False.

b) Otherwise,

i) Case:

1) If the<periodpredicand> immediately contained in<periodpredicand1>specifies
PERIOD, then letPSV1be<period start value> and letPEV1be<period endvalue>.

2) If the <period predicand> immediately contained in <period predicand 1>
immediately contains a<period reference>PR, then letPDbe theperioddescriptor
of the period identified by PR, let PN be the name of the period included in PD,
let PSV1 be the name of the PN period start column included in PD, and let PEV1
be the name of the PN period end column included in PD.

ii) Case:

1) If the<periodpredicand> immediately contained in<periodpredicand2>specifies
PERIOD, then letPSV2be<period start value> and letPEV2be<period endvalue>.

2) If the <period predicand> immediately contained in <period predicand 2>
immediately contains a<period reference>PR, then letPDbe theperioddescriptor
of the period identified by PR, let PN be the name of the period included in PD,
let PSV2 be the name of the PN period start column included in PD, and let PEV2
be the name of the PN period end column included in PD.

iii) Let SV1 be the result of CAST(PSV1 AS TIMESTAMP(n) WITH TIME ZONE). Let EV1 be
the result of CAST(PEV1 AS TIMESTAMP(n) WITH TIME ZONE). Let SV2 be the result of
CAST(PSV2 AS TIMESTAMP(n) WITH TIME ZONE). Let EV2 be the result of CAST(PEV2
AS TIMESTAMP(n) WITH TIME ZONE).

iv) If <period predicate> immediately contains <period overlaps predicate>, then

Case:

1) If SV1 < EV2 and EV1 > SV2, then the result of the <period overlaps predicate> is
True.

2) Otherwise, the result of the <period overlaps predicate> is False.

v) If <period predicate> immediately contains <period equals predicate>, then

Case:

1) If SV1 = SV2 and EV1 = EV2, then the result of the <period equals predicate> is
True.

2) Otherwise, the result of the <period equals predicate> is False.

vi) If <period predicate> immediately contains <period precedes predicate>, then

Case:

1) If EV1 ≤ SV2, then the result of the <period precedes predicate> is True.

2) Otherwise, the result of the <period precedes predicate> is False.

vii) If <period predicate> immediately contains <period succeeds predicate>, then

Case:

1) If SV1 ≥ EV2, then the result of the <period succeeds predicate> is True.

© ISO/IEC 2023 – All rights reserved 563

ISO/IEC 9075-2:2023(E)
8.20 <period predicate>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


2) Otherwise, the result of the <period succeeds predicate> is False.

viii) If <period predicate> immediately contains <period immediately precedes predicate>,
then

Case:

1) If EV1 = SV2, then the result of the <period immediately precedes predicate> is
True.

2) Otherwise, the result of the <period immediately precedes predicate> is False.

ix) If <period predicate> immediately contains <period immediately succeeds predicate>,
then

Case:

1) If SV1 = EV2, then the result of the <period immediately succeeds predicate> is
True.

2) Otherwise, the result of the <period immediately succeeds predicate> is False.

Conformance Rules

1) Without Feature T502, “Period predicates”, conforming SQL language shall not contain a <period
predicate>.
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8.21 <search condition>

Function

Specify a condition that isTrue,False, orUnknown, dependingon the valueof a <booleanvalue expression>.

Format
<search condition> ::=
<boolean value expression>

Syntax Rules

None.

Access Rules

None.

General Rules

1) The result of the <search condition> is the result of the <boolean value expression>.

Conformance Rules

None.
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8.22 <JSON predicate>

Function

Specify a test of whether a given value is a JSON text.

Format
<JSON predicate> ::=
<JSON predicate input> [ <JSON input clause> ]

IS [ NOT ] JSON
    [ <JSON predicate type constraint> ]
    [ <JSON key uniqueness constraint> ]

<JSON predicate input> ::=
<string value expression>

| <JSON value expression>

<JSON predicate type constraint> ::=
VALUE

| ARRAY
| OBJECT
| SCALAR

<JSON key uniqueness constraint> ::=
WITH UNIQUE [ KEYS ]

| WITHOUT UNIQUE [ KEYS ]

Syntax Rules

1) If <JSON input clause> is not specified, then FORMAT JSON is implicit.

2) If <JSON predicate type constraint> is not specified, then VALUE is implicit.

3) If <JSON key uniqueness constraint> is not specified, then WITHOUT UNIQUE KEYS is implicit.

4) Let JPI be the <JSON predicate input>, FO be the explicit or implicit <JSON input clause>, JTYPE be
the explicit or implicit <JSON predicate type constraint>, and JPUC be the explicit or implicit <JSON
key uniqueness constraint>.

JPI FO IS NOT JSON JTYPE JPUC

is equivalent to

NOT ( JPI FO IS JSON JTYPE JPUC )

Access Rules

None.

General Rules

1) Let SVE be the value of JPI.

2) Case:
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If SVE is the null value, then the value of the <JSON predicate>

SVE FO IS JSON

a)

is Unknown, and no further General Rules of this Subclause are applied.

b) If the declared type of JPI is JSON, then let SJI be SVE and let ST be the condition successful
completion (00000).

c) Otherwise, the General Rules of Subclause 9.42, “Parsing JSON text”, are applied with SVE as
JSON TEXT, FO as FORMAT OPTION, and JPUC as UNIQUENESS CONSTRAINT; let ST be the
STATUS and let SJIbe the SQL/JSON ITEM returned from the applicationof thoseGeneral Rules.

3) The value of the <JSON predicate>

SVE FO IS JSON

is

Case:

a) If ST is not successful completion (00000), then False.

b) If JTYPE is ARRAY and SJI is not an SQL/JSON array, then False.

c) If JTYPE is OBJECT and SJI is not an SQL/JSON object, then False.

d) If JTYPE is SCALAR and SJI is either an SQL/JSON array or an SQL/JSON object, then False.

e) Otherwise, True.

Conformance Rules

1) Without Feature T801, “JSON data type”, conforming SQL language shall not contain a <JSON pre-
dicate> that simply contains a <JSON value expression>.

2) Without Feature T801, “JSON data type”, conforming SQL language shall not contain a <JSON pre-
dicate> that simply contains a <string value expression>.

3) Without Feature T821, “Basic SQL/JSON query operators”, conforming SQL language shall not
contain <JSON predicate>.

4) WithoutFeatureT822, “SQL/JSON: IS JSONWITHUNIQUEKEYSpredicate”, conformingSQL language
shall not contain a <JSON predicate> that specifies a <JSON key uniqueness constraint>.

5) Without FeatureT851, “SQL/JSON: optional keywords for default syntax”, conforming SQL language
shall not contain a <JSON predicate> that simply contains both a <JSON value expression> and
FORMAT JSON.
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8.23 <JSON exists predicate>

Function

Specify a test of whether a JSON path expression returns any SQL/JSON items.

Format
<JSON exists predicate> ::=
JSON_EXISTS <left paren>

<JSON API common syntax>
    [ <JSON exists error behavior> ON ERROR ]
<right paren>

<JSON exists error behavior> ::=
TRUE | FALSE | UNKNOWN | ERROR

Syntax Rules

1) If <JSON exists error behavior> is not specified, then FALSE ON ERROR is implicit.

Access Rules

None.

General Rules

1) If the value of the <JSON context item> simply contained in the <JSON API common syntax> JACS
is the null value, then the result of <JSON exists predicate> isUnknown and no further General Rules
of this Subclause are applied.

2) Let JEEB be the explicit or implicit <JSON exists error behavior>.

3) The General Rules of Subclause 9.47, “Processing <JSON API common syntax>”, are applied with
JACS as JSON API COMMON SYNTAX; let ST be the STATUS and let SEQ be the SQL/JSON SEQUENCE
returned from the application of those General Rules.

4) The result of <JSON exists predicate> is

Case:

a) If ST is successful completion, then

Case:

i) If the length of SEQ is 0 (zero), then False.

ii) Otherwise, True.

b) Otherwise,

Case:

i) If JEEB is ERROR, then the exception condition ST is raised.

ii) If JEEB is TRUE, then True.
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iii) If JEEB is FALSE, then False.

iv) If JEEB is UNKNOWN, then Unknown.

Conformance Rules

1) Without Feature T821, “Basic SQL/JSON query operators”, conforming SQL language shall not
contain <JSON exists predicate>.

2) Without Feature T825, “SQL/JSON: ON EMPTY and ON ERROR clauses”, <JSON exists predicate>
shall not contain <JSON exists error behavior>.
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9 Additional common rules

This Clause is modified by Clause 8, “Additional common rules”, in ISO/IEC 9075-4.
This Clause is modified by Clause 8, “Additional common rules”, in ISO/IEC 9075-9.
This Clause is modified by Clause 7, “Additional common rules”, in ISO/IEC 9075-10.
This Clause is modified by Clause 8, “Additional common rules”, in ISO/IEC 9075-13.
This Clause is modified by Clause 10, “Additional common rules”, in ISO/IEC 9075-14.
This Clause is modified by Clause 9, “Additional common rules”, in ISO/IEC 9075-15.
This Clause is modified by Clause 9, “Additional common rules”, in ISO/IEC 9075-16.

9.1 Retrieval assignment
This Subclause is modified by Subclause 8.1, “Retrieval assignment”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 10.1, “Retrieval assignment”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 9.1, “Retrieval assignment”, in ISO/IEC 9075-15.

Function

Specify rules for assignments to targets that do not support null values or that support null values with
indicator parameters (e.g., assigning SQL-data to host parameters or host variables).

Subclause Signature

“Retrieval assignment” [Syntax Rules] (
  Parameter: “TARGET”, 
  Parameter: “VALUE”
)

TARGET— a site that is the target of a retrieval assignment operation.

VALUE— a value that is to be assigned to TARGET.

“Retrieval assignment” [General Rules] (
  Parameter: “TARGET”, 
  Parameter: “VALUE”
)

TARGET— a site that is the target of a retrieval assignment operation.

VALUE— a value that is to be assigned to TARGET.

Syntax Rules

1) Let T be the TARGET and let V be the VALUE in an application of the Syntax Rules of this Subclause.

2) Let TD and SD be the declared types of T and V, respectively.

3) If TD is a numeric, Boolean, datetime, interval, JSON, or user-defined type, then either SD shall be
assignable to TD or there shall exist an appropriate user-defined cast functionUDCF from SD to TD.

NOTE 357— “Appropriate user-defined cast function” is defined in Subclause 4.13, “Data conversions”.
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4) If TD is binary string, then

Case:

a) If T is either a locator parameter of an external routine, a locator variable, or a host parameter
that is a binary large object locator parameter, then SD shall be BINARY LARGE OBJECT and
SD shall be assignable to TD.

b) Otherwise, either SD shall be assignable to TD or there shall exist an appropriate user-defined
cast function UDCF from SD to TD.

5) If TD is character string, then

Case:

a) If T is either a locator parameter of an external routine, a locator variable, or a host parameter
that is a character large object locator parameter, then SD shall be CHARACTERLARGEOBJECT
and SD shall be assignable to TD.

b) Otherwise, either SD shall be assignable to TD or there shall exist an appropriate user-defined
cast function UDCF from SD to TD.

6) If the declared type of T is a reference type, then the declared type of V shall be a reference type
whose referenced type is a subtype of the referenced type of T.

7) If the declared type of T is a row type, then:

a) The declared type of V shall be a row type.

b) The degree of V shall be the same as the degree of T. Let n be that degree.

c) Let TTi, 1 (one) ≤ i ≤ n, be the declared type of the i-th field of T, let VTi be the declared type
of the i-th field of V, let T1i be a temporary site whose declared type is TTi, and let V1i be an
arbitrary expression whose declared type is VTi. For each i, 1 (one) ≤ i ≤ n, the Syntax Rules
of this Subclause are applied with T1i as TARGET and V1i as VALUE.

8) If the declared type of T is a collection type or a distinct typewhose source type is a collection type,
then:

a) If the declared type of T is an array type or a distinct type whose source type is an array type
DTAT, then the declared type of V shall be an array type or DTAT.

b) 15 If the declared type of T is a multiset type or a distinct type whose source type is a multiset
type DTMT, then the declared type of V shall be a multiset type or DTMT.

c) Let TT be the element type of the declared type of T, let VT be the element type of the declared
type of V, let T1 be a temporary site whose declared type is TT, and let V1 be an arbitrary
expression whose declared type is VT. The Syntax Rules of this Subclause are applied with T1
as TARGET and V1 as VALUE.

9) 09 14Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause.

Access Rules

None.
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General Rules

1) 09 15 Let T be the TARGET and let V be the VALUE in an application of the General Rules of this Sub-
clause.

2) If the declared type of V is not assignable to the declared type of T, then for the remaining General
Rules of this Subclause V is effectively replaced by the result of evaluating the expression UDCF(V).

3) If V is the null value and T is a host parameter, then

Case:

a) If an indicator parameter is specified forT, then that indicator parameter is set to −1 (negative
one).

b) If no indicator parameter is specified forT, then an exception condition is raised:data exception
— null value, no indicator parameter (22002).

4) If V is the null value and T is a host variable, then

Case:

a) If an indicator variable is specified for T, then that indicator variable is set to −1 (negative
one).

b) If no indicator variable is specified for T, then an exception condition is raised: data exception
— null value, no indicator parameter (22002).

5) If V is not the null value, T is a host parameter, and T has an indicator parameter, then

Case:

a) If the declared type of T is character string or binary string and the lengthM in characters or
octets, respectively, of V is greater than the length in characters or octets, respectively, of T,
then the indicator parameter is set toM. IfM exceeds the maximum value that the indicator
parameter can contain, then an exception condition is raised: data exception— indicator
overflow (22022).

b) Otherwise, the indicator parameter is set to 0 (zero).

6) If V is not the null value, T is a host variable, and T has an indicator variable, then

Case:

a) If the declared type of T is character string or binary string and the length in characters or
octets, respectively,M of V is greater than the length in characters or octets, respectively, of
T, then the indicator variable is set toM. IfM exceeds the maximum value that the indicator
variable can contain, then an exception condition is raised:data exception— indicator overflow
(22022).

b) Otherwise, the indicator variable is set to 0 (zero).

7) If V is not the null value, then

Case:

a) If the declared type of T is fixed-length character string with length in characters L and the
length in characters of V is equal to L, then the value of T is set to V.

b) If the declared type of T is fixed-length character string with length in characters L, and the
length in characters of V is greater than L, then the value of T is set to the first L characters of
V and a completion condition is raised:warning— string data, right truncation (01004).
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c) If the declared type of T is fixed-length character string with length in characters L, and the
length in charactersM of V is smaller than L, then the firstM characters of T are set to V, and
the last L−M characters of T are set to <space>s.

d) If the declared type of T is variable-length character string and the length in charactersM of
V is not greater than themaximum length in characters of T, then the value of T is set to V and
the length in characters of T is set toM.

e) If the declared type of T is variable-length character string and the length in characters of V
is greater than the maximum length in characters L of T, then the value of T is set to the first
L characters of V, then the length in characters of T becomes L, and a completion condition is
raised:warning— string data, right truncation (01004).

f) If the declared type of T is a character large object type and the length in charactersM of V is
not greater than themaximum length in characters of T, then the value of T is set to V and the
length in characters of T is set toM.

g) If the declared type of T is a character large object type and the length in characters of V is
greater than the maximum length in characters L of T, then the value of T is set to the first L
characters of V, the length in characters of T becomes L, and a completion condition is raised:
warning— string data, right truncation (01004).

h) If the declared type of T is fixed-length binary string with length in octets L and the length in
octets of V is equal to L, then the value of T is set to V.

i) If the declared type of T is fixed-length binary string with length in octets L, and the length in
octets of V is greater than L, then the value of T is set to the first L octets of V and a completion
condition is raised:warning— string data, right truncation (01004).

j) If the declared type of T is fixed-length binary string with length in octets L, and the length in
octetsM of V is less than L, then the firstM octets of T are set to V, and the last L−M octets of
T are set to X'00's.

k) If the declared type of T is variable-length binary string and the length in octetsM of V is not
greater than the maximum length in octets of T, then the value of T is set to V and the length
in octets of T is set toM.

l) If the declared type of T is variable-length binary string and the length in octets of V is greater
than the maximum length in octets L of T, then the value of T is set to the first L octets of V,
then the length in octets of T becomes L, and a completion condition is raised:warning—
string data, right truncation (01004).

m) If the declared type of T is binary large object string and the length in octetsM of V is not
greater than the maximum length in octets of T, then the value of T is set to V and the length
in octets of T is set toM.

n) If the declared type of T is binary large object string and the length in octets of V is greater
than the maximum length in octets L of T, then the value of T is set to the first L octets of V,
the length in octets of T becomes L, and a completion condition is raised:warning— string
data, right truncation (01004).

o) If the declared type of T is numeric, then

Case:

i) If V is a value of the declared type of T, then the value of T is set to V.

ii) If a value of the declared type of T can be obtained from V by rounding or truncation,
then the value of T is set to that value. If the declared type of T is exact numeric, then
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it is implementation-defined (IA002) whether the approximation is obtained by
rounding or by truncation.

iii) Otherwise, an exception condition is raised: data exception— numeric value out of
range (22003).

p) If the declared type of T is Boolean, then the value of T is set to V.

q) If the declared type DT of T is datetime, then:

i) If only one of DT and the declared type of V is datetime with time zone, then V is
effectively replaced by

CAST ( V AS DT )

ii) Case:

1) If V is a value of the declared type of T, then the value of T is set to V.

2) If a value of the declared type of T can be obtained from V by rounding or trunca-
tion, then the value of T is set to that value. It is implementation-defined (IA002)
whether the approximation is obtained by rounding or truncation.

3) Otherwise, an exception condition is raised: data exception— datetime field
overflow (22008).

r) If the declared type of T is interval, then

Case:

i) If V is a value of the declared type of T, then the value of T is set to V.

ii) If a value of the declared type of T can be obtained from V by rounding or truncation,
then the value of T is set to that value. It is implementation-defined (IA002) whether
the approximation is obtained by rounding or by truncation.

iii) Otherwise, an exception condition is raised: data exception— interval field overflow
(22015).

s) If the declared type of T is JSON, then the value of T is set to V.

t) If the declared type of T is a row type, then:

i) Let n be the degree of T.

ii) For i ranging from 1 (one) to n, the General Rules of this Subclause are applied with
the i-th element of T as TARGET and the i-th element of V as VALUE.

u) If the declared type of T is a reference type, then the value of T is set to V.

v) 15 If the declared type of T is an array type or a distinct type whose source type is an array
type, then

Case:

i) If the maximum cardinality L of T is equal to the cardinalityM of V, then for i ranging
from 1 (one) to L, the General Rules of this Subclause are applied with the i-th element
of T as TARGET and the i-th element of V as VALUE.

ii) If themaximumcardinalityLofT is smaller than the cardinalityMofV, then for i ranging
from 1 (one) to L, the General Rules of this Subclause are applied with the i-th element
of T as TARGET and the i-th element of V as VALUE; a completion condition is raised:
warning— array data, right truncation (0102F).
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iii) If themaximumcardinalityLofT is greater than the cardinalityMofV, then for i ranging
from1 (one) toM, the General Rules of this Subclause are appliedwith the i-th element
of T as TARGET and the i-th element of V as VALUE. The cardinality of the value of T is
M.

NOTE 358— The maximum cardinality L of T is unchanged.

w) If the declared type of T is a multiset type or a distinct type whose source type is a multiset
type, then the value of T is set to V.

x) 09 14 If the declared type of T is a user-defined type, then the value of T is set to V.

8) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.

Conformance Rules

None.
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9.2 Store assignment
This Subclause is modified by Subclause 8.2, “Store assignment”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 10.2, “Store assignment”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 9.2, “Store assignment”, in ISO/IEC 9075-15.

Function

Specify rules for assignments where the target permits null without the use of indicator parameters or
indicator variables, such as storing SQL-data or setting the value of SQL parameters.

Subclause Signature

“Store assignment” [Syntax Rules] (
  Parameter: “TARGET”, 
  Parameter: “VALUE”
)

TARGET— a site that is the target of a store assignment operation.

VALUE— a value that is to be assigned to TARGET.

“Store assignment” [General Rules] (
  Parameter: “TARGET”, 
  Parameter: “VALUE”
)

TARGET— a site that is the target of a store assignment operation.

VALUE— a value that is to be assigned to TARGET.

Syntax Rules

1) Let T be the TARGET and let V be the VALUE in an application of the Syntax Rules of this Subclause.

2) Let TD and SD be the declared types of T and V, respectively.

3) If TD is a character string, binary string, numeric, Boolean, datetime, interval, JSON, or user-defined
type, then either SD shall be assignable to TD or there shall exist an appropriate user-defined cast
function UDCF from SD to TD.

NOTE 359— “Appropriate user-defined cast function” is defined in Subclause 4.13, “Data conversions”.

4) If the declared type of T is a reference type, then the declared type of V shall be a reference type
whose referenced type is a subtype of the referenced type of T.

5) If the declared type of T is a row type, then:

a) The declared type of V shall be a row type.

b) The degree of V shall be the same as the degree of T. Let n be that degree.

c) Let TTi, 1 (one) ≤ i ≤ n, be the declared type of the i-th field of T, let VTi be the declared type
of the i-th field of V, let T1i be a temporary site whose declared type is TTi, and let V1i be an
arbitrary expression whose declared type is VTi. For each i, 1 (one) ≤ i ≤ n, the Syntax Rules
of this Subclause are applied with T1i as TARGET and V1i as VALUE.
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6) If the declared type of T is a collection type or a distinct typewhose source type is a collection type,
then:

a) If the declared type of T is an array type or a distinct type whose source type is an array type
DTAT, then the declared type of V shall be an array type or DTAT.

b) 15 If the declared type of T is a multiset type or a distinct type whose source type is a multiset
type DTMT, then the declared type of V shall be a multiset type or DTMT.

c) Let TT be the element type of the declared type of T, let VT be the element type of the declared
type of V, let T1 be a temporary site whose declared type is TT, and let V1 be an arbitrary
expression whose declared type is VT. The Syntax Rules of this Subclause are applied with T1
as TARGET and V1 as VALUE.

7) 09 14Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause.

Access Rules

None.

General Rules

1) 14LetTbe theTARGET and letVbe theVALUE in an applicationof theGeneral Rules of this Subclause.

2) If the declared type of V is not assignable to the declared type of T, then for the remaining General
Rules of this Subclause V is effectively replaced by the result of evaluating the expression UDCF(V).

3) Case:

a) If V is the null value, then

Case:

i) If V is specified using NULL, then T is set to the null value.

ii) If V is a host parameter and contains an indicator parameter, then

Case:

1) If the value of the indicator parameter is equal to −1 (negative one), then T is set
to the null value.

2) If the value of the indicator parameter is less than −1 (negative one), then an
exception condition is raised: data exception— invalid indicator parameter value
(22010).

iii) If V is a host variable and contains an indicator variable, then

Case:

1) If the value of the indicator variable is equal to −1 (negative one), then T is set to
the null value.

2) If the value of the indicator variable is less than −1 (negative one), then an
exception condition is raised: data exception— invalid indicator parameter value
(22010).

iv) Otherwise, T is set to the null value.

b) Otherwise,

© ISO/IEC 2023 – All rights reserved 577

ISO/IEC 9075-2:2023(E)
9.2 Store assignment

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


Case:

i) If the declared type of T is fixed-length character stringwith length in characters L and
the length in characters of V is equal to L, then the value of T is set to V.

ii) If the declared type of T is fixed-length character stringwith length in characters L and
the length in charactersM of V is larger than L, then

Case:

1) If the rightmostM−L characters of V are all <space>s, then the value of T is set to
the first L characters of V.

2) If one or more of the rightmostM−L characters of V are not <truncating
whitespace> characters, then an exception condition is raised: data exception—
string data, right truncation (22001).

iii) If the declared type of T is fixed-length character stringwith length in characters L and
the length in charactersM of V is less than L, then the firstM characters of T are set to
V and the last L−M characters of T are set to <space>s.

iv) If the declared type of T is variable-length character string and the length in characters
M of V is not greater than the maximum length in characters of T, then the value of T
is set to V and the length in characters of T is set toM.

v) If the declared type of T is variable-length character string and the length in characters
M of V is greater than the maximum length in characters L of T, then

Case:

1) If the rightmostM−L characters of V are all <space>s, then the value of T is set to
the first L characters of V and the length in characters of T is set to L.

2) If one or more of the rightmostM−L characters of V are not <truncating
whitespace> characters, then an exception condition is raised: data exception—
string data, right truncation (22001).

vi) If the declared type of T is a character large object type and the length in charactersM
of V is not greater than the maximum length in characters of T, then the value of T is
set to V and the length in characters of T is set toM.

vii) If the declared type of T is a character large object type and the length in charactersM
of V is greater than the maximum length in characters L of T, then

Case:

1) If the rightmostM−L characters of V are all <space>s, then the value of T is set to
the first L characters of V and the length in characters of T is set to L.

2) If one or more of the rightmostM−L characters of V are not <truncating
whitespace> characters, then an exception condition is raised: data exception—
string data, right truncation (22001).

viii) If the declared type of T is fixed-length binary string with length in octets L and the
length in octets of V is equal to L, then the value of T is set to V.

ix) If the declared type of T is fixed-length binary string with length in octets L and the
length in octetsM of V is larger than L, then

Case:
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1) If the rightmostM−L octets of V are all equal to X'00', then the value of T is set to
the first L octets of V.

2) If one or more of the rightmostM−L octets of V are not equal to X'00', then an
exception condition is raised: data exception— string data, right truncation
(22001).

x) If the declared type of T is fixed-length binary string with length in octets L and the
length in octetsM of V is less than L, then the firstM octets of T are set to V and the last
L−M octets of T are set to X'00's.

xi) If the declared type of T is variable-length binary string and the length in octetsM of
V is not greater than the maximum length in octets of T, then the value of T is set to V
and the length in octets of T is set toM.

xii) If the declared type of T is variable-length binary string and the length in octetsM of
V is greater than the maximum length in octets L of T, then

Case:

1) If the rightmostM−L octets of V are all equal to X'00', then the value of T is set to
the first L octets of V and the length in octets of T is set to L.

2) If one or more of the rightmostM−L octets of V are not equal to X'00', then an
exception condition is raised: data exception— string data, right truncation
(22001).

xiii) If the declared type of T is binary large object string and the length in octetsM of V is
not greater than the maximum length in octets of T, then the value of T is set to V and
the length in octets of T is set toM.

xiv) If the declared type of T is binary large object string and the length in octetsM of V is
greater than the maximum length in octets L of T, then

Case:

1) If the rightmostM−L octets of V are all equal to X'00', then the value of T is set to
the first L octets of V and the length in octets of T is set to L.

2) If one or more of the rightmostM−L octets of V are not equal to X'00', then an
exception condition is raised: data exception— string data, right truncation
(22001).

xv) If the declared type of T is numeric, then

Case:

1) If V is a value of the declared type of T, then the value of T is set to V.

2) If a value of the declared type of T can be obtained from V by rounding or trunca-
tion, then the value of T is set to that value. If the declared type of T is exact
numeric, then it is implementation-defined (IA002) whether the approximation
is obtained by rounding or by truncation.

3) Otherwise, an exception condition is raised: data exception— numeric value out
of range (22003).

xvi) If the declared type DT of T is datetime, then:

1) If only one of DT and the declared type of V is datetime with time zone, then V is
effectively replaced by
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CAST ( V AS DT )

2) Case:

A) If V is a value of the declared type of T, then the value of T is set to V.

B) If a value of the declared type of T can be obtained from V by rounding or
truncation, then the value of T is set to that value. It is implementation-
defined (IA002) whether the approximation is obtained by rounding or
truncation.

C) Otherwise, an exception condition is raised: data exception—datetimefield
overflow (22008).

xvii) If the declared type of T is interval, then

Case:

1) If V is a value of the declared type of T, then the value of T is set to V.

2) If a value of the declared type of T can be obtained from V by rounding or trunca-
tion, then the value of T is set to that value. It is implementation-defined (IA002)
whether the approximation is obtained by rounding or by truncation.

3) Otherwise, an exception condition is raised: data exception— interval field over-
flow (22015).

xviii) If the declared type of T is Boolean, then the value of T is set to V.

xix) If the declared type of T is JSON, then the value of T is set to V.

xx) If the declared type of T is a row type, then:

1) Let n be the degree of T.

2) For i ranging from 1 (one) to n, the General Rules of this Subclause are applied
with Ti as TARGET and Vi as VALUE.

xxi) If the declared type of T is a reference type, then the value of T is set to V.

xxii) 15 If the declared type of T is an array type or a distinct type whose source type is an
array type, then

Case:

1) If the maximum cardinality L of T is equal to the cardinalityM of V, then for i
ranging from 1 (one) to L, the General Rules of this Subclause are applied with
the i-th element of T as TARGET and the i-th element of V as VALUE.

2) If the maximum cardinality L of T is smaller than the cardinalityM of V, then

Case:

A) If the rightmostM−L elements of V are all null, then for i ranging from 1
(one) to L, the General Rules of this Subclause are applied with the i-th ele-
ment of T as TARGET and the i-th element of V as VALUE.

B) If one or more of the rightmostM−L elements of V are not the null value,
then an exception condition is raised: data exception— array data, right
truncation (2202F).
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3) If the maximum cardinality L of T is greater than the cardinalityM of V, then for
i ranging from 1 (one) toM, the General Rules of this Subclause are applied with
the i-th element ofT asTARGET and the i-th element ofV asVALUE. The cardinality
of the value of T is set toM.

NOTE 360— The maximum cardinality L of T is unchanged.

xxiii) If the declared type of T is a multiset type or a distinct type whose source type is a
multiset type, then the value of T is set to V.

xxiv) 09 14 If the declared type of T is a user-defined type, then the value of T is set to V.

4) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.

Conformance Rules

None.
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9.3 Passing a value from a host language to the SQL-server
This Subclause is modified by Subclause 9.3, “Passing a value from a host language to the SQL-server”, in
ISO/IEC 9075-15.

Function

Specify rules to pass a value from a host language to the SQL-server.

Subclause Signature

“Passing a value from a host language to the SQL-server” [General Rules] (
  Parameter: “LANGUAGE”, 
  Parameter: “SQL TYPE”, 
  Parameter: “HOST VALUE”
) Returns: “SQL VALUE”

LANGUAGE— the name of a host programming language (ADA, C, COBOL, FORTRAN, M, PASCAL,
PLI).

SQL TYPE— a specification of an SQL data type, possibly including a <locator indication>.

HOST VALUE— a value of a host language type.

SQLVALUE—theSQLTYPE representationofHOSTVALUE, that is the result of invoking this subclause
using this signature.

Syntax Rules

None.

Access Rules

None.

General Rules

1) 15LetLANGbe theLANGUAGE, letDTbe the SQLTYPE, and letPIbe theHOSTVALUE in an application
of the General Rules of this Subclause. The result of the application of this Subclause is returned as
SQL VALUE.

NOTE 361— DT is either a <host parameter data type> or a <parameter type>.

2) Let SV be a site whose declared type is the <data type> contained in SQL TYPE.

3) DependingonwhetherLANG specifiesADA, C, COBOL, FORTRAN,M, PASCAL, or PLI, let the operative
data type correspondences table be Table 21, “Data type correspondences for Ada”, Table 22, “Data
type correspondences for C”, Table 23, “Data type correspondences for COBOL”, Table 24, “Data
type correspondences for Fortran”, Table 25, “Data type correspondences for M”, Table 26, “Data
type correspondences for Pascal”, or Table 27, “Data type correspondences for PL/I”, respectively.
Refer to the two columns of the operative data type correspondences table as the SQL data type
column and the host data type column.

4) Let HDT be
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Case:

a) If DT contains <locator indication>, then

Case:

i) If LANG is ADA, then Interfaces.SQL.INT.

ii) If LANG is C, then unsigned long.

iii) If LANG is COBOL, then PIC S9(9) USAGE IS BINARY.

iv) If LANG is FORTRAN, then INTEGER.

v) If LANG is M, then character.

vi) If LANG is PASCAL, then INTEGER.

vii) If LANG is PLI, then FIXED BINARY(31).

b) Otherwise, the host language data type listed in the host data type column of the row in the
operative data type correspondences table whose value in the SQL data type column is DT.

NOTE 362— The host language data type of PI is HDT.

5) Case:

a) If DT contains <locator indication>, then

Case:

i) If PI is an invalid locator, then an exception condition is raised: locator exception—
invalid specification (0F001) andno furtherGeneral Rules of this Subclause are applied.

ii) 15Otherwise, let the value of SV be the binary large object string value, the large object
character string value, the array value, the multiset value, or the user-defined type
value corresponding to PI.

b) If DT identifies a CHARACTER(L) or CHARACTER VARYING(L) data type and LANG is C, then
let the value of SV be PI, implicitly treated as a character string type value in the character set
of DT in which the octets of PI are the corresponding octets of SV.

Let NC be the implementation-defined (IV030) null character that terminates a C character
string.

Case:

i) If DT identifies a CHARACTER(L) data type and some C character preceding the least
significant C character of PI contains NC, then the characters of SV from the first
occurrence of NC through the end of SV are set to <space>s.

ii) If DT identifies a CHARACTER VARYING(L) data type, then the length in characters of
SV is set to the number of characters of PI that precede the first occurrence ofNC in PI.

iii) If the least significant C character of the valuePIdoes not containNC, then an exception
condition is raised: data exception— unterminated C string (22024).

iv) Otherwise, that least significant C character does not correspond to any character in
PI and is ignored.

NOTE363—Thephrase “implementation-defined (IV030) null character that terminates a C character string”
implies one or more octets all of whose bits are zero and whose number is equal to the number of octets in
the largest character of the character set of DT. The number of such octets depends on the definition of the
character set and is thus implementation-defined (IV184).

© ISO/IEC 2023 – All rights reserved 583

ISO/IEC 9075-2:2023(E)
9.3 Passing a value from a host language to the SQL-server

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


c) If exactly one of the following is true:

i) DT identifies a CHARACTER(L) data type and LANG is either ADA, COBOL, FORTRAN,
or PASCAL.

ii) DT identifies a CHARACTER VARYING(L) data type and LANG is M.

iii) DT identifies a CHARACTER(L) data type or CHARACTER VARYING(L) data type and
LANG is PLI.

then let the value of SVbePI, implicitly treated as a character string type value in the character
set of DT in which the octets of PI are the corresponding octets of SV.

d) IfDT identifies INT, DEC, or REAL and the LANG isM, then letTEMP be an SQL character string
equivalent to PI and let the value of SV be the value of:

CAST ( TEMP AS DT )

e) If DT identifies a BOOLEAN type, then:

Case:

i) If LANG is ADA, then:

1) If the value of PI is False, then let the value of SV be False.

2) Otherwise, let the value of SV be True.

ii) If LANG is C, then:

1) If the value of PI is 0 (zero), then let the value of SV be False.

2) Otherwise, let the value of SV be True.

iii) If LANG is COBOL, then:

1) If the value of PI is 'F', then let the value of SV be False.

2) Otherwise, let the value of SV be True.

iv) If LANG is FORTRAN, then:

1) If the value of PI is .FALSE., then let the value of SV be False.

2) Otherwise, let the value of SV be True.

v) If LANG is PASCAL, then: let the value of SV be PI.
NOTE 364— Pascal has a Boolean-type whose values are True and False.

vi) If LANG is PLI, then:

1) If the value of PI is '0'B, then let the value of SV be False.

2) Otherwise, let the value of SV be True.

f) If DT identifies a CHARACTER LARGE OBJECT or BINARY LARGE OBJECT type, then

Case:

i) If DT identifies a CHARACTER LARGE OBJECT type, then let CLU be the explicit or
implicit <char length units> contained in DT. Let SV be

Case:
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1) If CLU is CHARACTERS, then a large object character string whose length in
characters LEN is the value of the length portion of PI andwhose value is the first
LEN characters in the data portion of PI.

2) Otherwise, a large object character stringwhose length in octets LEN is the value
of the length portion of PI and whose value is the first LEN octets in the data
portion of PI.

ii) IfDT identifies aBINARYLARGEOBJECT type, then let SVbe a binary large object string
whose length LEN is the value of the length portion of PI and whose value is the first
LEN octets in the data portion of PI.

NOTE 365—The length portion and the data portion of PI are defined in footnotes to the operative data type
correspondences table.

g) If DT identifies a BINARY(L) or BINARY VARYING(L) data type and LANG is ADA, then

Case:

i) IfDT identifies a BINARY(L) data type, then let the value of SV be a binary stringwhose
octets are the corresponding octets of PI.

ii) If DT identifies a BINARY VARYING(L) data type, then let the value of SV be a binary
string whose length LEN is the value of the length portion of PI and whose value is the
first LEN octets in the data portion of PI.

h) If DT identifies a BINARY(L) or BINARY VARYING(L) data type and LANG is C, then

Case:

i) If DT identifies a BINARY(L) data type, then let the value of SV be a binary string of L
octets whose octets are the corresponding octets of PI.

ii) If DT identifies a BINARY VARYING(L) data type, then let the value of SV be a binary
string whose length LEN is the value of the length portion of PI and whose value is the
first LEN octets in the data portion of PI.

i) If exactly one of the following is true:

i) DT identifies a BINARY(L) data type and LANG is COBOL, FORTRAN, or PASCAL.

ii) DT identifies a BINARY(L) data type or BINARY VARYING(L) data type and LANG is PLI.

then let the value of SV be a binary string whose octets are the corresponding octets of PI.

j) Otherwise, let the value of SV be the value PI.

6) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause,
which receives SV as SQL VALUE.

Conformance Rules

None.
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9.4 Passing a value from the SQL-server to a host language
This Subclause is modified by Subclause 9.4, “Passing a value from the SQL-server to a host language”, in
ISO/IEC 9075-15.

Function

Specify rules to pass a value from the SQL-server to a host language.

Subclause Signature

“Passing a value from the SQL-server to a host language” [General Rules] (
  Parameter: “LANGUAGE”, 
  Parameter: “SQL TYPE”, 
  Parameter: “SQL VALUE”
) Returns: “HOST VALUE”

LANGUAGE— the name of a host programming language (ADA, C, COBOL, FORTRAN, M, PASCAL,
PLI).

SQL TYPE— a specification of an SQL data type, possibly including a <locator indication>.

SQL VALUE— a value of type SQL TYPE.

HOST VALUE— a host language data type representation of SQL VALUE that is the result of invoking
this subclause using this signature.

Syntax Rules

None.

Access Rules

None.

General Rules

1) 15Let LANG be the LANGUAGE, letDT be the SQL TYPE, and let SV be the SQL VALUE in an application
of the General Rules of this Subclause. The result of the application of this Subclause is returned as
HOST VALUE.

2) DependingonwhetherLANG specifiesADA, C, COBOL, FORTRAN,M, PASCAL, or PLI, let the operative
data type correspondences table be Table 21, “Data type correspondences for Ada”, Table 22, “Data
type correspondences for C”, Table 23, “Data type correspondences for COBOL”, Table 24, “Data
type correspondences for Fortran”, Table 25, “Data type correspondences for M”, Table 26, “Data
type correspondences for Pascal”, or Table 27, “Data type correspondences for PL/I”, respectively.
Refer to the two columns of the operative data type correspondences table as the SQL data type
column and the host data type column.

3) Let HDT be

Case:

a) If DT contains <locator indication>, then
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Case:

i) If LANG is ADA, then Interfaces.SQL.INT.

ii) If LANG is C, then unsigned long.

iii) If LANG is COBOL, then PIC S9(9) USAGE IS BINARY.

iv) If LANG is FORTRAN, then INTEGER.

v) If LANG is M, then character.

vi) If LANG is PASCAL, then INTEGER.

vii) If LANG is PLI, then FIXED BINARY(31).

b) Otherwise, the host language data type listed in the host data type column of the row in the
operative data type correspondences table whose value in the SQL data type column is DT.

NOTE 366— The host language data type of PI is HDT.

4) Let PI be a site of host language data type HDT.

5) Case:

a) 15 IfDT contains <locator indication>, then let the value of PI be the binary large object locator
value, the character large object locator value, the array locator value, the multiset locator
value, or the user-defined type locator value that uniquely identifies SV.

b) If DT identifies CHARACTER(L) or CHARACTER VARYING(L) data types and LANG is C, then
let CL be k greater than the maximum possible length in octets of DT, where k is the size in
octets of the largest character in the character set of DT. Let the value of PI be a C character
string in which octets of the value are the corresponding octets of SV, padded on the right
with <space>s as necessary to reach the length CL − k octets, concatenated with a single
implementation-defined (IV030) null character that terminates a C character string.

NOTE367—Thephrase “implementation-defined (IV030) null character that terminates a C character string”
implies k octets, all of whose bits are zero.

c) If DT identifies a CHARACTER(L) data type and LANG is either ADA, COBOL, FORTRAN, or
PASCAL, then let CL be the maximum possible length in octets of DT. Let the value of PI be a
value of host language data typeHDT inwhich octets of the value are the corresponding octets
of SV, padded on the right with <space>s as necessary to reach the length CL octets.

d) If DT identifies a CHARACTER VARYING(L) data type and LANG is M, then let CL be the max-
imum possible length in octets of DT. Let the value of PI be an M character string in which
octets of the value are the corresponding octets of SV, padded on the right with <space>s as
necessary to reach the length CL octets.

e) If DT identifies a CHARACTER(L) or CHARACTER VARYING(L) data types and LANG is PLI,
then let CL be the maximum possible length in octets of DT.

Case:

i) If DT identifies CHARACTER(L), then let the value of PI be a PL/I character string in
which octets of the value are the corresponding octets of SV.

ii) Otherwise, let the value of PI be a PL/I character string in which octets of the value are
the corresponding octets of SV, paddedon the rightwith <space>s as necessary to reach
the length CL.

f) If DT identifies INT, DEC, or REAL and LANG is M, then let PI be an M character string whose
octets are the corresponding octets of the value
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CAST ( SV AS CHARACTER VARYING(ML) )

whereML is the implementation-defined (IL006)maximum lengthof variable-length character
strings.

g) If DT identifies a BOOLEAN type, then

Case:

i) If LANG is ADA, then:

1) If SV is False, then let the value of PI be the value False.

2) If SV is True, then let the value of PI be the value True.

ii) If LANG is C, then:

1) If SV is False, then let the value of PI be the value 0 (zero).

2) If SV is True, then let the value of PI be the value 1 (one).

iii) If LANG is COBOL, then:

1) If SV is False, then let the value of PI be the value 'F'.

2) If SV is True, then let the value of PI be the value 'T'.

iv) If LANG is FORTRAN, then:

1) If SV is False, then let the value of PI be the value .FALSE..

2) If SV is True, then let the value of PI be the value .TRUE..

v) If LANG is PASCAL, then: let the value of PI be SV.
NOTE 368— Pascal has a Boolean-type, whose values are True and False.

vi) If LANG is PLI, then:

1) If SV is False, then let the value of PI be the value '0'B.

2) If SV is True, then let the value of PI be the value '1'B.

h) If DT identifies a CHARACTER LARGE OBJECT or BINARY LARGE OBJECT type, then

Case:

i) If DT identifies a CHARACTER LARGE OBJECT type, then let CLU be the explicit or
implicit <char length units> contained in DT.

Case:

1) If CLU is CHARACTERS, then let the length portion of PI be the number of charac-
ters LEN in SV, and let the first LEN characters of the data portion of PI be a
character string equivalent to SV.

2) Otherwise, let the length portion of PI be the number of octets LEN in SV, and let
the first LEN octets of the data portion of PI be a character string equivalent to
SV.

ii) If DT identifies a BINARY LARGE OBJECT type, then let the length portion of PI be the
number of octets LEN in SV, and let the first LEN octets of the data portion of PI be a
binary string equivalent to SV.
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NOTE 369— The length portion and data portion of PI are defined in a footnote in the operative data type
correspondences table.

i) If DT identifies a BINARY(L) data type, then let PI be a binary string of length L in the host
language data type HDT, in which octets of PI are the corresponding octets of SV.

j) If DT identifies a BINARY VARYING(L) data type and LANG is ADA or C, then let LEN be the
value OCTET_LENGTH(SV), let the length portion of PI be LEN, and let the first LEN octets of
the data portion of PI be the value SV.

k) IfDT identifies a BINARY VARYING(L) data type and LANG is PLI, then let PI be a binary string
of host language data type HDT in which octets of the value are the corresponding octets of
SV, padded on the right with X'00's as necessary to reach the length L.

l) Otherwise, let the value of PI be SV. If LANG is ADA and no value has been assigned to PI, then
an implementation-dependent (UV093) value is assigned to PI.

6) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause,
which receives PI as HOST VALUE.

Conformance Rules

None.
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9.5 Result of data type combinations
This Subclause is modified by Subclause 8.3, “Result of data type combinations”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 10.3, “Result of data type combinations”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 9.5, “Result of data type combinations”, in ISO/IEC 9075-15.

Function

Specify the declared type of the result of certain combinations of values of compatible data types, such
as <case expression>s, <collection value expression>s, or a column in the result of a <query expression>.

Subclause Signature

“Result of data type combinations” [Syntax Rules] (
  Parameter: “DTSET”
) Returns: “RESTYPE”

DTSET— a set of SQL data types.

RESTYPE— an SQL data type that can be used to represent values of all SQL data types contained in
DTSET.

Syntax Rules

1) 15 Let IDTS be the DTSET in an application of the Syntax Rules of this Subclause. The result of the
application of this Subclause is returned as RESTYPE.

2) LetDTSbe the set of data types in IDTS excluding anydata types that are undefined. If the cardinality
of DTS is 0 (zero), then the declared type of the result is undefined and no further Rules of this
Subclause are evaluated.

NOTE 370— The notion of “undefined data type” is defined in Subclause 20.7, “<prepare statement>”.

3) Case:

a) If any of the data types in DTS is character string, then:

i) All data types in DTS shall be character string, and all of them shall have the same
character repertoire. The character set of the result is the character set of the data type
in DTS that has the character encoding form with the highest precedence.

ii) The collation derivation and declared type collation of the result are determined as
follows.

Case:

1) If some data type in DTS has an explicit collation derivation and declared type
collation EC1, then every data type inDTS that has an explicit collation derivation
shall have a declared type collation that is EC1. The collation derivation is explicit
and the collation is EC1.

2) If every data type in DTS has an implicit collation derivation, then

Case:

A) If every data type in DTS has the same declared type collation IC1, then the
collation derivation is implicit and the declared type collation is IC1.
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B) Otherwise, the collation derivation is none.

3) Otherwise, the collation derivation is none.

iii) Case:

1) If any of the data types in DTS is a character large object type, then the declared
type of the result is a character large object typewithmaximum length in charac-
ters equal to the maximum of the lengths in characters and maximum lengths in
characters of the data types in DTS.

2) If any of the data types inDTS is variable-length character string, then thedeclared
type of the result is variable-length character string with maximum length in
characters equal to the maximum of the lengths in characters and maximum
lengths in characters of the data types in DTS.

3) Otherwise, the declared type of the result is fixed-length character string with
length in characters equal to themaximumof the lengths in characters of the data
types in DTS.

b) If any of the data types in DTS is binary string, then

Case:

i) If any of the data types in DTS is a binary large object type, then the declared type of
the result is a binary large object type with maximum length in octets equal to the
maximum of the lengths in octets and themaximum lengths in octets of the data types
in DTS.

ii) If any of the data types in DTS is variable-length binary string, then the declared type
of the result is variable-length binary string with maximum length in octets equal to
the maximum of the lengths in octets and the maximum lengths in octets of the data
types in DTS.

iii) Otherwise, the declared type of the result is fixed-length binary string with length in
octets equal to the maximum of the lengths in octets of the data types in DTS.

c) If any data type in DTS is numeric, then:

i) Each data type in DTS shall be numeric.

ii) The declared type of the result is

Case:

1) If anydata type inDTS is thedecimal floating-point type, then thedecimal floating-
point type with precision equal to the maximum of the precisions of the decimal
floating-point types in DTS.

2) If any data type in DTS is approximate numeric, then approximate numeric with
implementation-defined (IV159) precision.

3) Otherwise, exact numeric with implementation-defined (IV160) precision and
with scale equal to the maximum of the scales of the data types in DTS.

d) If somedata type inDTS is a datetimedata type, then everydata type inDTS shall be a datetime
data type having the same datetime fields. The declared type of the result is a datetime data
type having the same datetime fields, whose fractional seconds precision is the largest of the
fractional seconds precisions in DTS. If some data type in DTS has a time zone displacement
value, then the result has a time zone displacement value; otherwise, the result does not have
a time zone displacement value.
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e) If any data type in DTS is interval, then each data type in DTS shall be interval. If the precision
of any data type in DTS specifies YEAR or MONTH, then the precision of each data type shall
specify only YEAR or MONTH. If the precision of any data type in DTS specifies DAY, HOUR,
MINUTE, or SECOND(N), then the precision of no data type of DTS shall specify the <primary
datetime field>s YEAR and MONTH. The declared type of the result is interval with precision
“S TO E”, where S and E are the most significant of the <start field>s and the least significant
of the <end field>s of the data types in DTS, respectively.

f) 09 14 If any data type inDTS is Boolean, then eachdata type inDTS shall beBoolean. Thedeclared
type of the result is Boolean.

g) If any data type in DTS is a row type, then each data type in DTS shall be a row type with the
same degree and the data type of each field in the same ordinal position of every row type
shall be comparable. The declared type of the result is a row type defined by an ordered
sequence of (<field name>, data type) pairs FDi, where data type is the data type resulting
from the application of this Subclause to the set of data types of fields in the same ordinal
position as FDi in every row type in DTS and <field name> is determined as follows.

Case:

i) If the field in the same ordinal position as FDi in every row type in DTS have the same
name F, then the <field name> in FDi is F.

ii) Otherwise, the <field name> in FDi is implementation-dependent (UV094).

h) If any data type in DTS is an array type or a distinct type whose source type is an array type,
then every data type in DTS shall be an array type or a distinct type whose source type is an
array type. The declared type of the result is array type with element data type ETR, where
ETR is the data type resulting from the application of this Subclause to the set of element types
of the array types of DTS, and maximum cardinality equal to the maximum of the maximum
cardinalities of the data types in DTS.

i) 15 If any data type in DTS is a multiset type or a distinct type whose source type is a multiset
type, then every data type inDTS shall be amultiset type or a distinct type whose source type
is amultiset type. The declared type of the result is multiset typewith element data type ETR,
whereETR is the data type resulting from the applicationof this Subclause to the set of element
types of the multiset types of DTS.

j) If any data type in DTS is a reference type, then there shall exist a subtype family STF such
that each data type in DTS is a member of STF. Let RT be the minimal common supertype of
each data type in DTS.

Case:

i) If the data typedescriptor of everydata type inDTS includes thenameof a referenceable
table identifying the scope of the reference type, and every such name is equivalent to
some name STN, then the declared type of the result is:

RT SCOPE ( STN )

ii) Otherwise, the declared type of the result is RT.

k) If any data type in DTS is a JSON type, then each data type in DTS shall be a JSON type. The
declared type of the result is JSON.

l) Otherwise, there shall exist a subtype family STF such that each data type in DTS is a member
of STF. The declared type of the result is the minimal common supertype of each data type in
DTS.

NOTE 371—Minimal common supertype is defined in Subclause 4.9.3.4, “Subtypes and supertypes”.
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4) Let DTR be the declared type of the result.

5) Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause,
which receives DTR as RESTYPE.

Access Rules

None.

General Rules

None.

Conformance Rules

None.
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9.6 Subject routine determination

Function

Determine the subject routine of a given routine invocation.

Subclause Signature

“Subject routine determination” [Syntax Rules] (
  Parameter: “SET OF SQL-INVOKED ROUTINES”, 
  Parameter: “SQL ARGUMENT LIST”
) Returns: “SET OF SUBJECT ROUTINES”

SET OF SQL-INVOKED ROUTINES— a set of SQL-invoked routines for which appropriate subject
routines are needed.

SQL ARGUMENT LIST— an SQL argument list used to identify appropriate subject routines.

SET OF SUBJECT ROUTINES— a set of subject SQL-invoked routines that is the result of invoking
this subclause using this signature.

Syntax Rules

1) Let SRbe the SETOFSQL-INVOKEDROUTINESand letALbe the SQLARGUMENTLIST in anapplication
of the Syntax Rules of this Subclause. The result of the application of this Subclause is returned as
SET OF SUBJECT ROUTINES.

2) Let n be the number of SQL-invoked routines in SR. Let Ri, 1 (one) ≤ i ≤ n, be the i-th SQL-invoked
routine in SR in the ordering of SR.

3) Letm be the number of SQL arguments in AL. Let Aj, 1 (one) ≤ j ≤m, be the j-th SQL argument in AL.

4) ForAj, 1 (one)≤ j≤m, ifAj is neither a <dynamic parameter specification>nor a <contextually typed
value specification>, then let SDTAj be the declared type of Aj.

5) Let SDTPi,j be the type designator of the declared type of the j-th SQL parameter of Ri. The type
designator of the generic table parameter type is TABLE; the type designator of the descriptor
parameter type is DESCRIPTOR.

6) For r varying from1 (one) tom, ifAr is not a <dynamic parameter specification> and if there ismore
than one SQL-invoked routine in SR, then for each pair of SQL-invoked routines { Rp, Rq } in SR:

a) The Syntax Rules of Subclause 9.7, “Type precedence list determination”, are applied with
SDTAr as DATA TYPE; let TPLr be the TYPE PRECEDENCE LIST returned from the application
of those Syntax Rules.

b) If SDTPp,r ≺ SDTPq,r in TPLr, then eliminate Rq from SR.

7) Let RSR be the set of SQL-invoked routines remaining in SR.

8) Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause,
which receives RSR as SET OF SUBJECT ROUTINES.
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Access Rules

None.

General Rules

None.

Conformance Rules

None.
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9.7 Type precedence list determination
This Subclause is modified by Subclause 8.4, “Type precedence list determination”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 10.4, “Type precedence list determination”, in ISO/IEC 9075-14.

Function

Determine the type precedence list of a given type.

Subclause Signature

“Type precedence list determination” [Syntax Rules] (
  Parameter: “DATA TYPE”
) Returns: “TYPE PRECEDENCE LIST”

DATA TYPE— an SQL data type.

TYPE PRECEDENCE LIST— a list of SQL data types containing every SQL data type that is included
in the type precedence list of DATA TYPE.

Syntax Rules

1) Let DT be the DATA TYPE in an application of the Syntax Rules of this Subclause. The result of the
application of this Subclause is returned as TYPE PRECEDENCE LIST.

2) Let TPL be the list of type designators determined by the Syntax Rules of this Subclause.

3) Let “A≺B” represent “Ahas precedence overB” and let “A≃B” represent “Ahas the sameprecedence
as B”.

4) If DT is a user-defined type, then:

a) Let ST be the set of supertypes of DT. Let n be the number of data types in ST.

b) For any two data types TA and TB in ST, TA ≺ TB if and only if TA is a proper subtype of TB.

c) Let T1 be DT and let Ti+1, 1 (one) ≤ i ≤ n−1, be the direct supertype of Ti.

d) Let DTNi, 1 (one) ≤ i ≤ n, be the data type designator of Ti.
NOTE 372— The type designator of a user-defined type is the type name included in its user-defined type
descriptor.

e) TPL is DTN1, DTN2, ..., DTNn.

5) If DT is fixed-length character string, then TPL is

CHARACTER, CHARACTER VARYING, CHARACTER LARGE OBJECT

6) If DT is variable-length character string, then TPL is

CHARACTER VARYING, CHARACTER LARGE OBJECT

7) If DT is fixed-length binary string, then TPL is

BINARY, BINARY VARYING, BINARY LARGE OBJECT

8) If DT is variable-length binary string, then TPL is
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BINARY VARYING, BINARY LARGE OBJECT

9) If DT is numeric, then:

a) Let NDT be the following set of numeric types: NUMERIC, DECIMAL, SMALLINT, INTEGER,
BIGINT, DECFLOAT, REAL, FLOAT, and DOUBLE PRECISION. For each type T in NDT, the
effective binary precision is defined as follows.

Case:

i) If T is DECIMAL or NUMERIC, then the effective binary precision is the product of
log2(10) and the implementation-defined (IL043) maximum precision of T.

ii) IfT is FLOAT, then the effective binaryprecision is the implementation-defined (IL044)
maximum precision of T.

iii) If the radix of T is decimal, then the effective binary precision is the product of log2(10)
and the implementation-defined (IV197) precision of T.

iv) Otherwise, the effective binary precision is the implementation-defined (IV197) preci-
sion of T.

b) Let PTC be the set of all precedence relationships determined as follows. For any two types
T1 and T2, not necessarily distinct, in NDT,

Case:

i) If T1 and T2 are both decimal floating-point types, then T1 ≃ T2.

ii) If T1 is decimal floating-point type, and T2 is either exact numeric or approximate
numeric, then T1≻ T2.

iii) If T1 is either exact numeric or approximate numeric, and T2 is decimal floating-point
type, then T1 ≺ T2.

iv) If T1 is exact numeric and T2 is approximate numeric, then T1 ≺ T2.

v) If T1 is approximate numeric and T2 is exact numeric, then T1 ≻ T2.

vi) If the effective binary precision of T1 is greater than the effective binary precision of
T2, then T2 ≺ T1.

vii) If the effective binary precision of T1 equals the effective binary precision of T2, then
T2 ≃ T1.

viii) Otherwise, T1 ≺ T2.

c) TPL is determined as follows:

i) TPL is initially empty.

ii) Let ST be the set of types containing DT and every type T in NDT for which the prece-
dence relationship DT ≺ T or DT ≃ T is in PTC.

iii) Let n be the number of types in ST.

iv) For i ranging from 1 (one) to n:

1) Let NT be the set of types Tk in ST such that there is no other type Tj in ST for
which Tj ≺ Tk according to PTC.

2) Case:
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A) If there is exactly one type Tk in NT, then Tk is placed next in TPL and all
relationships of the form Tk ≺ Tr are removed from PTC, where Tr is any
type in ST.

B) If there is more than one type Tk inNT, then every type Ts inNT is assigned
the same position in TPL as Tk and all relationships of the forms Tk ≺ Tr, Tk
≃ Tr, Ts ≺ Tr, and Ts ≃ Tr are removed from PTC, where Tr is any type in ST.

10) If DT specifies a year-month interval type, then TPL is

INTERVAL YEAR

11) If DT specifies a day-time interval type, then TPL is

INTERVAL DAY

12) If DT specifies DATE, then TPL is

DATE, TIMESTAMP

NOTE 373— See CR 1) of this Subclause.

13) If DT specifies TIME, then TPL is

TIME

14) If DT specifies TIMESTAMP, then TPL is

TIMESTAMP

15) If DT specifies BOOLEAN, then TPL is

BOOLEAN

16) If DT specifies JSON, then TPL is

JSON

17) If DT is a collection type, then let CTC be the kind of collection specified in DT.

Let n be the number of elements in the type precedence list for the element type ofDT. For i ranging
from 1 (one) to n, let RIOi be the i-th such element. TPL is

RIO1 CTC,
RIO2 CTC, ...,
RIOn CTC

18) If DT is a reference type, then let n be the number of elements in the type precedence list for the
referenced type of DT. For i ranging from 1 (one) to n, let KAWi be the i-th such element. TPL is

REF(KAW1),
REF(KAW2), ...,
REF(KAWn)

19) If DT is a row type, then TPL is

ROW

NOTE 374—This rule is placed only to avoid the confusion that might arise if row types were not mentioned in this
Subclause. As a row type cannot be used as a <parameter type>, the type precedence list of a row type is never ref-
erenced.

598 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
9.7 Type precedence list determination

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


20) If DT is the generic table parameter type, then TPL is

TABLE

21) If DT is the descriptor parameter type, then TPL is

DESCRIPTOR

22) 09 14Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause,
which receives TPL as TYPE PRECEDENCE LIST.

Access Rules

None.

General Rules

None.

Conformance Rules

1) Without Feature F054, “TIMESTAMP in DATE type precedence list”, the type precedence list of
DATE is

DATE
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9.8 Host parameter mode determination

Function

Determine the parameter mode for a given host parameter.

Subclause Signature

“Host parameter mode determination” [Syntax Rules] (
  Parameter: “HOST PARAM DECL”, 
  Parameter: “SQL PROC STMT”
) Returns: “PARAMETER MODE”

HOST PARAM DECL— a <host parameter declaration>.

SQL PROC STMT— an <SQL procedure statement> that contains HOST PARAM DECL.

PARAMETER MODE—mode of HOST PARAM DECL (IN, OUT, INOUT, NONE).

Syntax Rules

1) Let PD be the HOST PARAM DECL and let SPS be the SQL PROC STMT in an application of the Syntax
Rules of this Subclause. The result of the application of this Subclause is returned as PARAMETER
MODE.

2) Let P be the host parameter specified by PD and let PN be the <host parameter name> immediately
contained in PD.

3) Whether P is an input host parameter, an output host parameter, or both an input host parameter
and an output host parameter is determined as follows.

Case:

a) If PD is a <status parameter>, then let PMODE be “OUT”.

b) Otherwise,

Case:

i) If PN is contained in an <SQL argument> Ai of the <SQL argument list> of a <routine
invocation> immediately contained in a <call statement> that is contained in SPS, then:

1) Let R be the subject routine of the <routine invocation>.

2) Let PRi be the i-th SQL parameter of R.

3) Case:

A) If PN is contained in a <host parameter specification> that is the <target
specification> that is simply contained in Ai and PRi is an output SQL para-
meter, then let PMODE be “OUT”.

B) If PN is contained in a <host parameter specification> that is the <target
specification> that is simply contained in Ai and PRi is both an input SQL
parameter and an output SQL parameter, then let PMODE be “INOUT”.

C) Otherwise, let PMODE be “IN”.
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ii) If PN is contained in a <value specification> or a <simple value specification> that is
contained in SPS, andPN is not contained in a <target specification>or a <simple target
specification> that is contained in SPS, then let PMODE be “IN”.

iii) If PN is contained in a <target specification> or a <simple target specification> that is
contained in SPS, and PN is not contained in a <value specification> or a <simple value
specification> that is contained in SPS, then let PMODE “OUT”.

iv) If PN is contained in a <value specification> or a <simple value specification> that is
contained in SPS, and in a <target specification> or a <simple target specification> that
is contained in SPS, then let PMODE be “INOUT”.

v) Otherwise, let PMODE be “NONE”.

4) Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause,
which receives PMODE as PARAMETER MODE.

Access Rules

None.

General Rules

None.

Conformance Rules

None.
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9.9 Type name determination
This Subclause is modified by Subclause 10.5, “Type name determination”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 9.6, “Type name determination”, in ISO/IEC 9075-15.

Function

Determine an <identifier> given the name of a predefined or collection type.

Subclause Signature

“Type name determination” [Syntax Rules] (
  Parameter: “TYPE”
) Returns: “IDENTIFIER”

TYPE— a data type.

IDENTIFIER— an <identifier> that identifies the TYPE.

Syntax Rules

1) Let DT be the TYPE in an application of the Syntax Rules of this Subclause. The result of the applic-
ation of this Subclause is returned as IDENTIFIER.

2) FNSDT is defined as follows.

Case:

a) If DT specifies CHARACTER, then let FNSDT be “CHAR”.

b) If DT specifies CHARACTER VARYING, then let FNSDT be “VARCHAR”.

c) If DT specifies CHARACTER LARGE OBJECT, then let FNSDT be “CLOB”.

d) If DT specifies BINARY, then let FNSDT be “BINARY”.

e) If DT specifies BINARY VARYING, then let FNSDT be “VARBINARY”.

f) If DT specifies BINARY LARGE OBJECT, then let FNSDT be “BLOB”.

g) If DT specifies SMALLINT, then let FNSDT be “SMALLINT”.

h) If DT specifies INTEGER, then let FNSDT be “INTEGER”.

i) If DT specifies BIGINT, then let FNSDT be “BIGINT”.

j) If DT specifies DECIMAL, then let FNSDT be “DECIMAL”.

k) If DT specifies NUMERIC, then let FNSDT be “NUMERIC”.

l) If DT specifies REAL, then let FNSDT be “REAL”.

m) If DT specifies FLOAT, then let FNSDT be “FLOAT”.

n) If DT specifies DECFLOAT, then let FNSDT be “DECFLOAT”.

o) If DT specifies DOUBLE PRECISION, then let FNSDT be “DOUBLE”.

p) If DT specifies DATE, then let FNSDT be “DATE”.
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q) If DT specifies TIME, then let FNSDT be “TIME”.

r) If DT specifies TIMESTAMP, then let FNSDT be “TIMESTAMP”.

s) If DT specifies INTERVAL, then let FNSDT be “INTERVAL”.

t) If DT specifies BOOLEAN, then let FNSDT be “BOOLEAN”.

u) If DT specifies JSON, then let FNSDT be “JSON”.

v) If DT specifies ARRAY, then let FNSDT be “ARRAY”.

w) 14 15 If DT specifies MULTISET, then let FNSDT be “MULTISET”.

3) Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause,
which receives FNSDT as IDENTIFIER.

Access Rules

None.

General Rules

None.

Conformance Rules

None.
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9.10 Determination of identical values
This Subclause is modified by Subclause 8.5, “Determination of identical values”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 10.6, “Determination of identical values”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 9.7, “Determination of identical values”, in ISO/IEC 9075-15.

Function

Determinewhether two instances of values are identical, that is to say, are occurrences of the same value.
NOTE 375— This Subclause is invoked implicitly wherever the word identical is used of two values.

Subclause Signature

“Determination of identical values” [General Rules] (
  Parameter: “FIRST VALUE”, 
  Parameter: “SECOND VALUE”
)

FIRST VALUE— the first of two values for which it is to be determined whether they are identical
values.

SECONDVALUE—the secondof twovalues forwhich it is to be determinedwhether they are identical
values.

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let V1 be the FIRST VALUE and let V2 be the SECOND VALUE in an application of the General Rules
of this Subclause.

2) Case:

a) If V1 and V2 are both the null value, then V1 is identical to V2.

b) If V1 is the null value and V2 is not the null value, or if V1 is not the null value and V2 is the
null value, then V1 is not identical to V2.

c) If V1 and V2 are of comparable predefined types, then

Case:

i) If V1 and V2 are character strings, then let L be CHARACTER_LENGTH(V1).

Case:
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1) If CHARACTER_LENGTH(V2) equals L, and if for all i, 1 (one) ≤ i ≤ L, the i-th
character ofV1 corresponds to the samecharacterpositionof ISO/IEC10646:2020
as the i-th character of V2, then V1 is identical to V2.

2) Otherwise, V1 is not identical to V2.

ii) If V1 and V2 are TIMEWITH TIME ZONE or TIMESTAMPWITH TIME ZONE and are
not distinct, and their time zonedisplacement fields are not distinct, thenV1 is identical
to V2.

iii) Otherwise, V1 is identical to V2 if and only if V1 is not distinct from V2.

d) 09 14 If V1 and V2 are of constructed types, then

Case:

i) If V1 and V2 are rows and their respective fields are identical, then V1 is identical to
V2.

ii) If V1 and V2 are arrays and have the same cardinality and elements in the same ordinal
position in the two arrays are identical, then V1 is identical to V2.

iii) 15 If V1 and V2 are multisets and have the same cardinality N and there exist enumera-
tions VE1i, 1 (one) ≤ i ≤ N, of V1 and VE2i, 1 (one) ≤ i ≤ N, of V2 such that for all i, VE1i
is identical to VE2i, then V1 is identical to V2.

iv) If V1 and V2 are references and V1 is not distinct from V2, then V1 is identical to V2.

v) Otherwise, V1 is not identical to V2.

e) If V1 and V2 are of the same most specific typeMST andMST is a user-defined type, then

Case:

i) IfMST is a distinct typewhose source type is SDT and the results ofSDT(V1) andSDT(V2)
are identical, then V1 is identical to V2.

ii) IfMST is a structured type and, for every observer function O defined forMST, the
results of the invocations O(V1) and O(V2) are identical, then V1 is identical to V2.

iii) Otherwise, V1 is not identical to V2.

f) Otherwise, V1 is not identical to V2.

3) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.

Conformance Rules

None.
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9.11 Equality operations
This Subclause is modified by Subclause 8.6, “Equality operations”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 10.8, “Equality operations”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 9.8, “Equality operations”, in ISO/IEC 9075-15.

Function

Specify the prohibitions and restrictions by data type on operations that involve testing for equality.

Syntax Rules

1) An equality operation is any of the following:

a) A <comparison predicate> that specifies <equals operator> or <not equals operator>.

b) A<quantifiedcomparisonpredicate> that specifies<equalsoperator>or<not equalsoperator>.

c) An <in predicate>.

d) A <distinct predicate>.

e) A <match predicate>.

f) A <member predicate>.

g) A <joined table> that specifies NATURAL or USING.

h) A <user-defined ordering definition> that specifies MAP.

i) A <position expression>.

2) An operand of an equality operation is any of the following:

a) A field of the declared row type of a <row value predicand> that is simply contained in a
<comparison predicate> that specifies <equals operator> or <not equals operator>.

b) A field of the declared row type of a <row value predicand> that is simply contained in a
<quantified comparisonpredicate> that specifies <equals operator> or <not equals operator>.

c) A columnof a<table subquery> that is simply contained ina<quantifiedcomparisonpredicate>
that specifies <equals operator> or <not equals operator>.

d) A field of the declared row type of a <row value predicand> or <row value expression> that
is simply contained in an <in predicate>.

e) A column of a <table subquery> that is simply contained in an <in predicate>.

f) A field of the declared row type of a <row value predicand> that is simply contained in a
<distinct predicate>.

g) A field of the declared row type of a <row value predicand> that is simply contained in a
<match predicate>.

h) A column of a <table subquery> that is simply contained in a <match predicate>.

i) A field of the declared row type of a <row value predicand> that is simply contained in a
<member predicate>.

j) A corresponding join column of a <joined table> that specifies NATURAL or USING.
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k) The <returns data type> of the SQL-invoked function identified by a <map function specifica-
tion> simply contained in a <user-defined ordering definition> that specifies MAP.

l) A <string value expression> that is simply contained in a <position expression>.

m) A <binary value expression> that is simply contained in a <position expression>.

3) 15The declared type of an operand of an equality operation shall not be UDT-NC-ordered.

4) LetVSbe the set of declared types of the operands of an equality operation. IfVS comprises character
string types, then the Syntax Rules of Subclause 9.15, “Collation determination”, are applied with
VS as TYPESET; let the collation to be used in the equality operation be the COLL returned from the
application of those Syntax Rules.

5) 09 14 If the declared type of an operand OP of an equality operation is a multiset type, then OP is a
multiset operand of a multiset element grouping operation. The Syntax Rules and Conformance
Rules of Subclause 9.13, “Multiset element grouping operations”, apply.

Access Rules

None.

General Rules

None.

Conformance Rules

1) Without Feature S024, “Enhanced structured types”, in conforming SQL language, the declared type
of an operand of an equality operation shall not be ST-ordered.

2) Without FeatureT042, “ExtendedLOBdata type support”, in conforming SQL language, the declared
type of an operand of an equality operation shall not be LOB-ordered.

3) Without Feature S275, “Advancedmultiset support”, in conforming SQL language, the declared type
of an operand of an equality operation shall not be multiset-ordered.

NOTE 376— If the declared type of an operand OP of an equality operation is a multiset type, then OP is a multiset
operand of a multiset element grouping operation. The Conformance Rules of Subclause 9.13, “Multiset element
grouping operations”, apply.

4) Without Feature T879, “JSON in equality operations”, in conforming SQL language, the declared
type of an operand of an equality operation shall not be JSON-ordered.
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9.12 Grouping operations
This Subclause is modified by Subclause 8.7, “Grouping operations”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 10.9, “Grouping operations”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 9.9, “Grouping operations”, in ISO/IEC 9075-15.

Function

Specify the prohibitions and restrictions by data type on operations that involve grouping of data.

Syntax Rules

1) A grouping operation is any of the following:

a) A <group by clause>.

b) A <window partition clause>.

c) An <aggregate function> that specifies DISTINCT.

d) A <query specification> that immediately contains DISTINCT.

e) A <query expression body> that simply contains or implies UNION DISTINCT.

f) A <query expression body> that simply contains EXCEPT.

g) A <query term> that simply contains INTERSECT.

h) A <unique predicate>.

i) A <unique constraint definition>.

j) A <referential constraint definition>.

k) A <row pattern partition by>.

l) A <table argument partitioning>.

2) An operand of a grouping operation is any of the following:

a) A grouping column of a <group by clause>.

b) A window partitioning column of a <window partition clause>.

c) A row pattern partitioning column of a <row pattern partition by>.

d) A <value expression> simply contained in an <aggregate function> that specifies DISTINCT.

e) A column of the result of a <query specification> that immediately contains DISTINCT.

f) A column of the result of a <query expression body> that simply contains or implies UNION
DISTINCT.

g) A column of the result of a <query expression body> that simply contains EXCEPT.

h) A column of the result of a <query term> that simply contains INTERSECT.

i) A column of the <table subquery> simply contained in a <unique predicate>.

j) A column identified by the <unique column list> of a <unique constraint definition>.

k) A partitioning column of a <table argument> of a <PTF derived table>.

608 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
9.12 Grouping operations

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


l) A referencing column or a referenced column of a <referential constraint definition>.

3) 15Thedeclared type of an operand of a grouping operation shall not be LOB-ordered, array-ordered,
multiset-ordered, UDT-EC-ordered, or UDT-NC-ordered.

4) 09 14 Let VS be the set of declared types of the operands of a grouping operation. If VS comprises
character string types, then Syntax Rules of Subclause 9.15, “Collation determination”, are applied
with VS as TYPESET; let the collation to be used in the grouping operation be the COLL returned
from the application of those Syntax Rules.

Access Rules

None.

General Rules

None.

Conformance Rules

1) Without Feature S024, “Enhanced structured types”, in conforming SQL language, the declared type
of an operand of a grouping operation shall not be ST-ordered.

2) Without Feature T880, “JSON in grouping operations”, in conforming SQL language, the declared
type of an operand of a grouping operation shall not be JSON-ordered.
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9.13 Multiset element grouping operations
This Subclause is modified by Subclause 8.8, “Multiset element grouping operations”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 10.10, “Multiset element grouping operations”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 9.10, “Multiset element grouping operations”, in ISO/IEC 9075-15.

Function

Specify the prohibitions and restrictions by data type on the declared element type of a multiset for
operations that involve grouping the elements of a multiset.

Syntax Rules

1) Amultiset element grouping operation is any of the following:

a) An equality operation such that the declared type of an operand of the equality operation is
a multiset type.

b) A <multiset set function>.

c) A <multiset value expression> that specifies MULTISET UNION DISTINCT.

d) A <multiset value expression> that specifies MULTISET EXCEPT.

e) A <multiset term> that specifies MULTISET INTERSECT.

f) A <submultiset predicate>.

g) A <set predicate>.

h) A <general set function> that specifies INTERSECTION.

2) Amultiset operand of a multiset element grouping operation is any of the following:

a) A <multiset value expression> simply contained in a <multiset set function>.

b) A <multiset value expression> or a <multiset term> that is simply contained in a <multiset
value expression> that simply contains MULTISET UNION DISTINCT.

c) A <multiset value expression> or a <multiset term> that is simply contained in a <multiset
value expression> that simply contains MULTISET EXCEPT.

d) A <multiset term> or a <multiset primary> that is simply contained in a <multiset term> that
simply contains MULTISET INTERSECT.

e) An operand of an equality operation such that the declared type of the operand is a multiset
type.

f) A field of the <row value predicand> simply contained in a <submultiset predicate>.

g) The <multiset value expression> simply contained in a <submultiset predicate>.

h) A field of the <row value predicand> simply contained in a <set predicate>.

i) A <value expression> simply contained in a <general set function> that specifies INTERSEC-
TION.

3) 15The declared element type of a multiset operand of a multiset element grouping operation shall
not be LOB-ordered, array-ordered, multiset-ordered, UDT-EC-ordered, or UDT-NC-ordered.
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4) 09 14 Let VS be the set of declared element types of the multiset operands of a multiset element
grouping operation. If VS comprises character string types, then Syntax Rules of Subclause 9.15,
“Collationdetermination”, are appliedwithVS asTYPESET; let the collation to be used in themultiset
element grouping operation be the COLL returned from the application of those Syntax Rules.

Access Rules

None.

General Rules

None.

Conformance Rules

1) Without Feature S024, “Enhanced structured types”, in conforming SQL language, the declared
element typeof amultiset operandof amultiset element groupingoperation shall not be ST-ordered.

2) Without FeatureT882, “JSON inmultiset element groupingoperations”, in conforming SQL language,
the declared type of an operand of a grouping operation shall not be JSON-ordered.

© ISO/IEC 2023 – All rights reserved 611

ISO/IEC 9075-2:2023(E)
9.13 Multiset element grouping operations

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


9.14 Ordering operations
This Subclause is modified by Subclause 8.9, “Ordering operations”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 10.11, “Ordering operations”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 9.11, “Ordering operations”, in ISO/IEC 9075-15.

Function

Specify the prohibitions and restrictions by data type on operations that involve ordering of data.

Syntax Rules

1) An ordering operation is any of the following:

a) A <comparison predicate> that does not specify <equals operator> or <not equals operator>.

b) A <quantified comparison predicate> that does not specify <equals operator> or <not equals
operator>.

c) A <between predicate>.

d) An <aggregate function> that specifies MAX or MIN.

e) A <sort specification list>.

f) A <user-defined ordering definition> that specifies ORDER FULL BY MAP.

g) A <table argument ordering>.

h) A <greatest or least function>.

2) An operand of an ordering operation is any of the following:

a) A field of the declared row type of a <row value predicand> that is simply contained in a
<comparison predicate> that does not specify <equals operator> or <not equals operator>.

b) A field of the declared row type of a <row value predicand> that is simply contained in a
<quantified comparison predicate> that does not specify <equals operator> or <not equals
operator>.

c) A column of the <table subquery> that is simply contained in a <quantified comparison pre-
dicate> that does not specify <equals operator> or <not equals operator>.

d) A field of the declared row type of a <row value predicand> that is simply contained in a
<between predicate>.

e) A <value expression> simply contained in an <aggregate function> that specifiesMAX orMIN.

f) A <value expression> simply contained in a <sort key>.

g) The <returns data type> of the SQL-invoked function identified by a <map function specifica-
tion> simply contained in a <user-defined ordering definition> that specifies ORDER FULL
BY MAP.

h) An ordering column of a <table argument> of a <PTF derived table>.

i) A <value expression> simply contained in a <greatest or least> function.

3) 15Thedeclared type of an operandof an ordering operation shall not be LOB-ordered, array-ordered,
multiset-ordered, reference-ordered, UDT-EC-ordered, or UDT-NC-ordered.
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NOTE 377— In addition, by a Syntax Rule of Subclause 10.9, “<aggregate function>”, an operand of MAX or MIN
must not be row-ordered. This is because the ordering of non-null row-ordered values is not a total ordering (for
example, the relative order of the rows (1, null) and (null, 1) is indeterminate). The General Rules of Subclause 10.10,
“<sort specification list>”, provide special rules to totally order rows containing null values, but these rules are not
used in MAX or MIN. The other ordering operations do not require a total ordering.

4) 09 14 Let VS be the set of declared types of the operands of an ordering operation. If VS comprises
character string types, then Syntax Rules of Subclause 9.15, “Collation determination”, are applied
with VS as TYPESET; let the collation to be used in the ordering operation be the COLL returned
from the application of those Syntax Rules.

Access Rules

None.

General Rules

None.

Conformance Rules

1) Without Feature S024, “Enhanced structured types”, in conforming SQL language, the declared type
of an operand of an ordering operation shall not be ST-ordered.

2) Without Feature T881, “JSON in ordering operations”, in conforming SQL language, the declared
type of an operand of an ordering operation shall not be JSON-ordered.
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9.15 Collation determination

Function

Specify rules for determining the collation to be used in the comparison of character strings.

Subclause Signature

“Collation determination” [Syntax Rules] (
  Parameter: “TYPESET”
) Returns: “COLL”

TYPESET— a set of data types for which a (common) collation is desired.

COLL— the collation, if any, that is usable for all data types contained in TYPESET.

Syntax Rules

1) Let TS be the TYPESET in an application of the Syntax Rules of this Subclause. The result of the
application of this Subclause is returned as COLL.

2) At least one declared type in TS shall have a declared type collation.

3) The SyntaxRules of Subclause9.5, “Result of data type combinations”, are appliedwithTS asDTSET;
letRDTbe theRESTYPE returned from the applicationof those SyntaxRules. LetCCSbe the character
set of RDT.

4) Case:

a) If the comparison operation is a <referential constraint definition>, then, for each referencing
column RC and its corresponding referenced column RFC, the declared type collation of RC
and the declared type collation of RFC shall be the same collation COLL and the collation to
be used is COLL.

b) If at least one operand has an explicit collation derivation, then every operandwhose collation
derivation is explicit shall have the same declared type collation EDTC and the collation to be
used is EDTC.

c) If the comparison operation is contained in a <preparable statement> that is prepared in the
current SQL-session by an <execute immediate statement> or a <prepare statement>, or in a
<direct SQL statement> that is invoked directly, and CCS has an SQL-session collation, then
the collation to be used is that SQL-session collation.

d) If CCS has an SQL-client module collation, then the collation to be used is that collation.

e) Otherwise, every operand whose collation derivation is implicit shall have the same declared
type collation IDTC and the collation to be used is IDTC.

5) Let CTBU be the collation to be used.

6) Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause,
which receives CBTU as COLL.

Access Rules

None.
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General Rules

None.

Conformance Rules

None.
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9.16 Potential sources of non-determinism
This Subclause is modified by Subclause 8.1, “Potential sources of non-determinism”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 10.12, “Potential sources of non-determinism”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 9.12, “Potential sources of non-determinism”, in ISO/IEC 9075-15.
This Subclause is modified by Subclause 9.1, “Potential sources of non-determinism”, in ISO/IEC 9075-16.

Function

Define the potential sources of non-determinism.

Syntax Rules

1) A potential source of non-determinism is any of the following:
NOTE 378— The following cases are arranged in order of the subclauses in which the various potential sources of
non-determinism arise.

a) A <value specification> that is CURRENT_USER, CURRENT_ROLE, SESSION_USER, SYS-
TEM_USER, CURRENT_CATALOG, CURRENT_SCHEMA, or CURRENT_PATH.

b) A <column reference> that is a column reference, the implicit or explicit qualifying range
variable of which is a <table name> or <query name> that identifies a potential source of non-
determinism.

c) A<window function> that specifiesROW_NUMBER, FIRST_VALUE, LAST_VALUE,NTH_VALUE,
NTILE, LEAD, or LAG, or whose associated <window specification> specifies ROWS.

d) A<cast specification> that either is, or recursively implies through the execution of theGeneral
Rules of Subclause 6.13, “<cast specification>”, one of the following:

i) A <cast specification> whose result type is datetime with time zone and whose <cast
operand> has declared type that is not datetime with time zone.

ii) A <cast specification> whose result type is an array type and whose <cast operand>
has a declared type that is a multiset type.

e) A <next value expression>.

f) A <greatest or least function> that simply contains a <value expression>whose declared type
is based on a character string type, user-defined type, or datetime with time zone type.

NOTE 379—The notion of one data type being based on another data type is defined in Subclause 4.2, “Data
types”.

g) A <JSON value function>.

h) A <JSON query>.

i) A<datetime factor> that simply contains a<datetimeprimary>whosedeclared type isdatetime
without time zone and that simply contains an explicit <time zone>.

j) A <datetime value function>.

k) An<interval value expression> that computes the difference of a <datetime value expression>
and a <datetime term>, such that the declared type of one operand is datetimewith time zone
and the other operand is datetime without time zone.

l) An <array value constructor by query>.
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m) A<multiset value expression> that specifiesor impliesMULTISETUNION,MULTISETEXCEPT,
or MULTISET INTERSECT such that the element types of the operands have corresponding
constituents such that one constituent is datetime with time zone and the other is datetime
without time zone.

n) A<multiset value expression> that specifiesMULTISETUNIONDISTINCT,MULTISETEXCEPT,
orMULTISET INTERSECTandwhose result type’s declaredelement type is basedon character
string type, a user-defined type, or a datetime type with time zone.

o) A <multiset set function> whose declared element type is based on a character string type, a
user-defined type, or a datetime type with time zone.

p) A <table name>, if the table identified by the <table name> is a viewed table, and the hierar-
chical <query expression> in the view descriptor identified by the <table name> contains a
potential source of non-determinism.

NOTE 380— Creation of a subtable can change a view from deterministic to possibly non-deterministic;
however, this is prohibited if there is any dependency on the view that requires it not to contain a potential
source of non-determinism.

q) A <query name>, if the <query expression> identified by the <query name> contains a
potential source of non-determinism.

r) A <data change delta table>.

s) A <query system time period specification> that does not implicitly or explicitly specify FOR
SYSTEM_TIME AS OF CURRENT_TIMESTAMP.

t) A <sample clause>.

u) A <JSON table>.

v) A <JSON serialize>.

w) A <JSON parse>.

x) A <row pattern recognition clause>.

y) A<joined table> that specifieseitherNATURALora<join specification> immediately containing
a <named columns join>, and there is a common column name CCN such that the declared
typesof the twocorresponding join columns identifiedbyCCNhave corresponding constituents
such that one constituent is datetime with time zone and the other is datetime without time
zone.

z) A <joined table> such that the declared type of a join partitioning column is character string,
user-defined type, TIMEWITH TIME ZONE, or TIMESTAMPWITH TIME ZONE.

aa) A <window specification> that contains a <row pattern common syntax>.

ab) A<query specification>QS that specifies the<set quantifier>DISTINCTandoneof the columns
of the result of QS has a data type of character string, user-defined type, TIMEWITH TIME
ZONE, or TIMESTAMPWITH TIME ZONE.

ac) A <query specification> QS in which the <select list>, <having clause>, or <window clause>
contains a reference to a column C of the result of the <table expression> simply contained
in QS that has a data type of character string, user-defined type, TIMEWITH TIME ZONE, or
TIMESTAMPWITH TIME ZONE, and the functional dependency G↦ C, where G is the set con-
sisting of the grouping columns of QS, holds in the result of QS.

ad) A <result offset clause>.

ae) A <fetch first clause>.
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af) A <query expression> such that UNION, EXCEPT, or INTERSECT is specified and there is a
column of the result such that the declared types DT1 and DT2 of the column in the two
operands have corresponding constituents such that one constituent is datetime with time
zone and the other is datetime without time zone.

ag) A <query expression> QE such that all of the following are true:

i) QE contains a set operator UNION and ALL is not specified, orQE contains either of the
set operators EXCEPT or INTERSECT.

ii) At least one of the following is true:

1) Thefirst or secondoperandcontains a column that has adeclared typeof character
string.

2) Thefirst or secondoperand contains a column that has adeclared typeof datetime
with time zone.

3) The first or second operand contains a column that has a declared type that is a
user-defined type.

ah) A <comparison predicate>, <overlaps predicate>, or <distinct predicate> simply containing
<row value predicand>s RVP1 and RVP2 such that the declared types of RVP1 and RVP2 have
corresponding constituents such that one constituent is datetimewith time zone and the other
is datetime without time zone.

NOTE 381— This includes <between predicate> because of a syntactic transformation to <comparison pre-
dicate>.

ai) A <quantified comparison predicate> or a <match predicate> simply containing a <row value
predicand> RVP and a <table subquery> TS such that the declared types of RVP and TS have
corresponding constituents such that one constituent is datetimewith time zone and the other
is datetime without time zone.

NOTE 382— This includes <in predicate> because of a syntactic transformation to <quantified comparison
predicate>.

aj) A <member predicate> simply containing a <row value predicand>RVP and a <multiset value
expression>MVP such that the declared type of the only field F of RVP and the element type
ofMVP have corresponding constituents such that one constituent is datetimewith time zone
and the other is datetime without time zone.

ak) A <submultiset predicate> simply containing a <row value predicand> RVP and a <multiset
value expression>MVP such that the declared type of the only field F of RVP and the declared
type ofMVP have corresponding constituents such that one constituent is datetimewith time
zone and the other is datetime without time zone.

al) A <JSON exists predicate>.

am) A <routine invocation>whose subject routine is an SQL-invoked routine that is possibly non-
deterministic.

an) A <routine invocation> whose subject routine is a polymorphic table function having a PTF
component procedure that is possibly non-deterministic.

ao) An <aggregate function> that specifies MIN or MAX and that simply contains a <value
expression> whose declared type is based on a character string type, user-defined type, or
datetime with time zone type.

ap) An <aggregate function> that specifies ANY_VALUE.
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aq) An <aggregate function> that specifies INTERSECTION and that simply contains a <value
expression> whose declared element type is based on a character string type, a user-defined
type, or a datetime type with time zone.

ar) An <array aggregate function>.

as) 04 14 15 16A <listagg set function>.

Access Rules

None.

General Rules

None.

Conformance Rules

None.
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9.17 Executing an <SQL procedure statement>
This Subclause is modified by Subclause 8.2, “Executing an <SQL procedure statement>”, in ISO/IEC 9075-4.

Function

Execute an <SQL procedure statement>.

Subclause Signature

“Executing an <SQL procedure statement>” [General Rules] (
  Parameter: “EXECUTING STATEMENT”
)

EXECUTING STATEMENT— an <SQL procedure statement> that is to be executed.

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let S be the EXECUTING STATEMENT in an application of the General Rules of this Subclause.
NOTE 383— S is necessarily the innermost executing statement of the SQL-session as defined in Subclause 4.45,
“SQL-sessions”.

NOTE 384— S is not necessarily an <SQL procedure statement>.

2) Except where explicitly specified, the General Rules of this Subclause are not terminated if an
exception condition is raised.

3) A statement execution context NEWSEC is established for the execution of S. LetOLDSEC be themost
recent statement execution context.NEWSECbecomes themost recent statement execution context.
NEWSEC is an atomic execution context, and therefore the most recent atomic execution context,
if and only if S is an atomic SQL-statement.

4) In NEWSEC, the set of state changes SSC is initially empty, the set of old delta tables and new delta
tables is initially empty, and the set of views to be checked is initially empty.

5) If the current SQL-session contextCSC indicates that no triggered action is executing, and the current
routine execution context of CSC indicates that an SQL-invoked function is not active, then the
statement timestamp in CSC is set to “not set”.

6) If S is immediately contained in an <externally-invoked procedure> EP, then:

a) Let LANG be the caller language of EP; let n be the number of <host parameter declaration>s
specified in EP; let PDi, 1 (one) ≤ i ≤ n, be the i-th such <host parameter declaration>; let PNi
andDTibe the <host parameter name>and<host parameter data type>, respectively, specified
in PDi; and let Pi be the host parameter corresponding to PDi. When EP is called by an SQL-
agent, let PIi be the i-th argument in the procedure call.
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b) The SQL-client module that contains S is associated with the SQL-agent.

7) 04 If S is not an <SQL diagnostics statement>, then the first diagnostics area is emptied.

8) If S is not an <SQL diagnostics statement> or an <SQL connection statement>, and no SQL-session
is current for the SQL-agent, then

Case:

a) If the SQL-agent has not executed an <SQL connection statement> and there is no default SQL-
session associated with the SQL-agent, then the following <connect statement> is effectively
executed:

CONNECT TO DEFAULT

b) If the SQL-agent has not executed an <SQL connection statement> and there is a default SQL-
session associated with the SQL-agent, then the following <set connection statement> is
effectively executed:

SET CONNECTION DEFAULT

c) Otherwise, an exception condition is raised: connection exception— connection does not exist
(08003).

9) If no exception condition has been raised, then:

a) If S is immediately contained in an <externally-invoked procedure>, then for each i, 1 (one)
≤ i ≤ n, if Pi is an input host parameter or both an input host parameter and an output host
parameter, then the General Rules of Subclause 9.3, “Passing a value from a host language to
the SQL-server”, are appliedwithLANG as LANGUAGE,DTi as SQLTYPE, andPIi asHOSTVALUE;
let SV be the SQL VALUE returned from the application of those General Rules. The value of Pi
is set to SV.

b) If S does not conform to the Syntax Rules and Access Rules of an <SQL procedure statement>,
then an exception condition is raised: syntax error or access rule violation (42000).

NOTE 385—Subclause 6.3.3.2, “Terms denoting rule requirements”, and Subclause 6.3.3.3, “Rule evaluation order”,
in ISO/IEC 9075-1, require that the Syntax Rules and Access Rules remain satisfied during General Rule evaluation;
doing so might require initiation of a transaction earlier than the General Rules otherwise suggest.

10) If no exception condition has been raised and no SQL-transaction is active for the SQL-agent and S
is an SQL-statement that implicitly initiates SQL-transactions, then an SQL-transaction is initiated.
If S is immediately contained in an <externally-invoked procedure>, then the SQL-client module
that contains S is associated with the SQL-transaction.

NOTE 386— If S is a <prepare statement>, a transaction can be (but is not required to be) initiated based on the
contents of the <SQL statement variable>. See Subclause 4.41.4, “SQL-statements and transaction states”.

11) If no exception condition has been raised and the execution of an <SQL data statement>, <SQL
dynamic data statement>, <dynamic select statement>, <dynamic single row select statement>, or
<direct SQL data statement> occurs within the same SQL-transaction as the execution of an SQL-
schema statement, then the effects on any open cursor or deferred constraint are implementation-
defined (IA210).

Case:

a) If theSQL-implementationdoesnot supportFeatureT670, “Schemaanddata statementmixing”,
then an exception condition is raised: invalid transaction state — schema and data statement
mixing not supported (25007).

© ISO/IEC 2023 – All rights reserved 621

ISO/IEC 9075-2:2023(E)
9.17 Executing an <SQL procedure statement>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


b) If any additional implementation-defined (IC013) restrictions, requirements, or conditions
are violated, then it is implementation-defined (IC013) whether an implementation-defined
(IC013) exception condition or a completion conditionwarning (01000)with an implemen-
tation-defined (IC013) subclass code is raised.

12) If no exception condition has been raised and S is an <SQL schema statement> and the transaction
access mode of the current SQL-transaction is read-only, then an exception condition is raised:
invalid transaction state (25000).

13) If no exception condition has been raised, then:

a) The General Rules of S are evaluated.

b) If S is immediately contained in an <externally-invoked procedure>, then for each i, 1 (one)
≤ i ≤ n, if Pi is an output host parameter that is not the status parameter or both an input host
parameter and an output host parameter, then the General Rules of Subclause 9.4, “Passing
a value from the SQL-server to a host language”, are applied with LANG as LANGUAGE, DTi as
SQL TYPE, and the value of Pi as SQL VALUE; let LV be the HOST VALUE returned from the
application of those General Rules. The value of PIi is set to LV.

14) If prior General Rules successfully initiated or resumed an SQL-session, then subsequent calls to
an <externally-invoked procedure> and subsequent invocations of <direct SQL statement>s by the
SQL-agent are associated with that SQL-session until the SQL-agent terminates the SQL-session or
makes it dormant.

15) If no exception condition has been raised, then for every enforced referential constraint RC, the
General Rules of Subclause 15.18, “Execution of referential actions”, are applied with RC as CON-
STRAINT.

16) If no exception condition has been raised, then for every state change DSC in SSCwhose trigger
event is DELETE, let DSOT be the set of transitions in DSC and let DBT be the subject table of DSC.

Case:

a) If DBT is a system-versioned table, then:

i) Let STARTCOL be the system-time period start column of DBT. Let ENDCOL be the
system-time period end column of DBT. Let DT be the declared type of ENDCOL.

ii) Let TTS be the transaction timestamp of the current SQL-transaction. Let CTTS be the
result of

CAST (TTS AS DT)

iii) For each row Rmarked for deletion from DBT, let STARTVAL be the value of STARTCOL.

Case:

1) If CTTS < STARTVAL, then an exception condition is raised: data exception—
invalid row version (2201H).

2) If CTTS = STARTVAL, then R is deleted from DBT.

3) Otherwise, the value of ENDCOL is effectively replaced by CTTS.

b) Otherwise, each row that is marked for deletion from DBT is deleted from DBT.

17) If no exception condition has been raised, then

Case:
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a) If, for some enforced constraint C, the constraint mode of C in the current SQL-session is
immediate and an applicable <search condition> included in the descriptor of C evaluates to
False, then an exception condition is raised: integrity constraint violation (23000).

NOTE 387— This is needed to cater for both referential constraints specifying NO ACTION and referential
constraints that are not satisfied after application of referential actions.

b) Otherwise, the General Rules of Subclause 15.20, “Execution of AFTER triggers”, are applied
with SSC as SET OF STATE CHANGES.

18) If no exception has been raised, then it is implementation-defined (IA230) whether tertiary effects
of a data change operation that has inserted or replaced rows in a target leaf generally underlying
table of a view V in the set of views to be checked LV are checked for conformity to the CHECK
OPTION of V. If such a check is made, and a row is found not to conform to the CHECK OPTION of
V, then an exception condition is raised:with check option violation (44000).

19) If S is a <select statement: single row> or a <fetch statement> and a completion condition is raised:
no data (02000), or an exception condition is raised, then the value of each result that is assigned
to a <target specification> in S is implementation-dependent (UV105).

NOTE 388— If S is immediately contained in an <externally-invoked procedure>, then these results are the values
PIi of the output parameters PNi. Using ISO/IEC 9075-4, the results might be the values of SQL variables. If S is con-
tained in the body of an SQL routine, the results might be values of SQL parameters. Direct SQL does not support
<select statement: single row> or <fetch statement>.

20) Case:

a) If S executed successfully, then either a completion condition is raised: successful completion
(00000), or a completion condition is raised:warning (01000), or a completion condition is
raised: no data (02000), as determined by the General Rules in this and other Subclauses of
the ISO/IEC 9075 series.

b) If S did not execute successfully, then:

i) If S is an atomic SQL-statement, then all changes made to SQL-data or schemas by the
execution of S are canceled.

NOTE389—Atomic andnon-atomic SQL-statements are defined in Subclause4.41.5, “SQL-statement
atomicity and statement execution contexts”.

ii) The exception condition with which the execution of S completed is raised.

21) If S is immediately contained in an <externally-invoked procedure>, then the status parameter is
set to the value specified for the condition in Clause 24, “Status codes”.

22) If S is not an<SQLdiagnostics statement>, thendiagnostics information resulting from the execution
of S is placed into the first diagnostics area, causing the first condition area in the first diagnostics
area to become occupied. Whether any other condition areas become occupied is implementation-
defined (IA079).

23) 04 If NEWSEC is atomic, then all savepoints established during its existence are destroyed.

24) NEWSEC ceases to exist and OLDSEC becomes the most recent statement execution context.

25) 04 S ceases to be an executing statement.
NOTE 390—The innermost executing statement, if any, is now the one that was the innermost executing statement
that caused S to be executed.

26) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.
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Conformance Rules

None.
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9.18 Invoking an SQL-invoked routine
This Subclause is modified by Subclause 8.4, “Invoking an SQL-invoked routine”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 7.1, “Invoking an SQL-invoked routine”, in ISO/IEC 9075-10.
This Subclause is modified by Subclause 8.1, “Invoking an SQL-invoked routine”, in ISO/IEC 9075-13.
This Subclause is modified by Subclause 10.13, “Invoking an SQL-invoked routine”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 9.13, “Invoking an SQL-invoked routine”, in ISO/IEC 9075-15.

Function

Execute the invocation of an SQL-invoked routine.

Subclause Signature

“Invoking an SQL-invoked routine” [Syntax Rules] (
  Parameter: “ROUTINE INVOCATION”, 
  Parameter: “SQLPATH”, 
  Parameter: “UDT”
) Returns: “SUBJECT ROUTINE” and “STATIC SQL ARG LIST”

ROUTINE INVOCATION— a <routine invocation> to be evaluated.

SQLPATH— an optional SQL-path used to resolve user-defined type names.

UDT— a user-defined type for which ROUTINE INVOCATION may be a method.

SUBJECT ROUTINE— the particular subject routine that is determined by the invocation of this
subclause using this signature.

STATIC SQL ARG LIST— the static SQL argument list that is determined by the invocation of this
subclause using this signature.

“Invoking an SQL-invoked routine” [General Rules] (
  Parameter: “SUBJECT ROUTINE”, 
  Parameter: “STATIC SQL ARG LIST”
) Returns: “VALUE”

SUBJECT ROUTINE— the routine to be invoked.

STATIC SQL ARG LIST— a static SQL argument list for the SUBJECT ROUTINE.

VALUE— a value that is returned from the invocation of the specified SUBJECT ROUTINE when
invoked with STATIC SQL ARG LIST.

Syntax Rules

1) Let RI be the ROUTINE INVOCATION, let TP be the SQLPATH, and let UDTSM be the UDT in an
application of the Syntax Rules of this Subclause. The result of the application of this Subclause is
returned as SUBJECT ROUTINE and STATIC SQL ARG LIST.

2) Let RN be the <routine name> immediately contained in RI.

3) If RI is immediately contained in a <call statement>, then the <SQL argument list> of RI shall not
contain a <generalized expression> without an intervening <routine invocation>.
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4) If the <SQL argument list> contains any <SQL argument> that is a <named argument specification>,
then all <SQL argument>s contained in that <SQL argument list> shall be <named argument spe-
cification>s; no two <SQL parameter name>s contained in the <SQL argument list> shall be
equivalent.

5) Case:

a) IfRI is immediately contained in a <call statement>, then an SQL-invoked routineR is a possibly
candidate routine forRI (henceforth, simply “possibly candidate routine”) ifR is an SQL-invoked
procedure and the <qualified identifier> of the <routine name> of R is equivalent to the
<qualified identifier> of RN.

b) If RI is immediately contained in a <method selection>, then an SQL-invoked routine R is a
possibly candidate routine for RI if R is an instance SQL-invoked method and the <qualified
identifier> of the <routine name> of R is equivalent to the <qualified identifier> of RN.

c) If RI is immediately contained in a <constructor method selection>, then an SQL-invoked
routine R is a possibly candidate routine for RI if R is an SQL-invoked constructor method and
the <qualified identifier> of the <routine name> ofR is equivalent to the <qualified identifier>
of RN.

d) If RI is immediately contained in a <static method selection>, then an SQL-invoked routine R
is a possibly candidate routine for RI if R is a static SQL-invoked method and the <qualified
identifier> of the <routine name> of R is equivalent to the <qualified identifier> of RN and the
method specification descriptor for R is included in a user-defined type descriptor forUDTSM
or for some supertype of UDTSM.

e) If RI simply contains a <table argument> or a <descriptor argument>, then an SQL-invoked
routine R is a possibly candidate routine for RI if R is a polymorphic table function and the
<qualified identifier> of the <routine name> of R is equivalent to the <qualified identifier> of
RN.

f) Otherwise, an SQL-invoked routineR is apossibly candidate routine forRI ifR is an SQL-invoked
regular function or a polymorphic table function and the <qualified identifier> of the <routine
name> of R is equivalent to the <qualified identifier> of RN.

6) 04Case:

a) IfRI is contained in an<SQL schemastatement>, then anSQL-invoked routineR is an executable
routine if and only if R is a possibly candidate routine and the applicable privileges for the
<authorization identifier> that owns the containing schema include EXECUTE on R.

b) Otherwise, an SQL-invoked routine R is an executable routine if and only if R is a possibly
candidate routine and the current privileges include EXECUTE on R.

7) Case:

a) If RI is immediately contained in a <method selection>, <static method selection>, or a <con-
structor method selection>, then let DP be TP.

b) If the routine execution context of the current SQL-session indicates that an SQL-invoked
routine is active, then let DP be the routine SQL-path of that routine execution context.

c) 04 If RI is contained in a <schema definition>, then let DP be the SQL-path of that <schema
definition>.

d) If RI is contained in a <preparable statement> that is prepared in the current SQL-session by
an <execute immediate statement> or a <prepare statement> or in a <direct SQL statement>
that is invoked directly, then let DP be the SQL-path of the current SQL-session.

e) Otherwise, let DP be the SQL-path of the <SQL-client module definition> that contains RI.
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8) Let NA be the number of <SQL argument>s in the <SQL argument list> AL of RI.

9) If RI is immediately contained in a <call statement>, then:

a) RI shall not simply contain<table argument>, <descriptor argument>, or <co-partition clause>.

b) An invocable routine is an SQL-invoked routine SIR that is an executable routine such that all
of the following are true:

i) SIR has SIRNA SQL parameters, with SIRNA ≥ NA.

ii) If the <SQL argument list> does not contain any <SQL argument> that is a <named
argument specification>, then for each k, NA < k ≤ SIRNA, the routine descriptor of SIR
contains an indication that the k-th SQL parameter has a default value.

c) The set of candidate routines of RI is defined as follows.

Case:

i) If RN does not contain a <schema name>, then the candidate routines of RI are the set
union of invocable routines of all schemas whose <schema name> is in DP.

ii) If RN contains a <schema name> SN, then SN shall be the <schema name> of a schema
S. The candidate routines of RI are the invocable routines (if any) contained in S.

d) For each candidate routine PCR of RI, if AL contains at least one <named argument specifica-
tion>, then:

i) LetMAP be a mapping of every <SQL parameter name> immediately contained in the
<named argument specification>s to the parameter names of PCR, such that those
names are equivalent. IfMAP does not exist, then PCR is removed from the set of can-
didate routines.

ii) If there exists an SQLparameter SPWOD forwhich no <named argument specification>
exists in AL that has an equivalent <SQL parameter name> and the routine descriptor
of PCR does not contain an indication that SPWOD has a default value, then PCR is
removed from the set of candidate routines.

e) Case:

i) If RN does not contain a <schema name>, then let S1 be a schema included in DP such
that S1 includes at least 1 (one) candidate routine of RI and there is no other schema
that precedes S1 inDP and contains at least 1 (one) candidate routine ofRI. Any routine
not contained in S1 is removed from the set of candidate routines.

ii) If RN contains a <schema name>, then let S1 be the schema identified by that <schema
name>. S1 shall include at least 1 (one) candidate routine of RI. Any routine not con-
tained in S1 is removed from the set of candidate routines.

f) The set of candidate routines with minimal number of parameters of RI comprises those can-
didate routines such that there is no other candidate routine that has fewer parameters.

NOTE391—There is atmost one routine in the set of candidate routineswithminimal numberof parameters.

g) The subject routine SRofRI is the SQL-invoked routine that is a candidate routinewithminimal
number of parameters ofRI such that there is noother candidate routinewithminimal number
of parameters.

h) Let SRNP be the number of SQL parameters of SR. Let Pi, 1 (one) ≤ i ≤ SRNP, be the i-th SQL
parameter of SR.

i) Case:
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IfAL does not immediately contain at least one <named argument specification>,
then:

1)

A) Let Ai, 1 (one) ≤ i ≤ NA, be the i-th <SQL argument> contained in AL.

B) Let Ai, NA < i ≤ SRNP, be DEFAULT.

C) LetXALbe an<SQL argument list>whose i-th <SQL argument> isAi, 1 (one)
≤ i ≤ SRNP.

NOTE 392— If SRNP = 0 (zero), then XAL is an empty list of SQL arguments.

2) Otherwise:

A) Let NPSAi, 1 (one) ≤ i ≤ SRNP, be the <named argument SQL argument>
immediately contained in the<namedargument specification> inALwhose
<SQL parameter name> is equivalent to Pi.

B) For each SQL parameter Pi, 1 (one) ≤ i ≤ SRNP, for which no <named argu-
ment specification> exists in AL that has an equivalent <SQL parameter
name>, let NPSAi be DEFAULT.

C) Let XAL be an <SQL argument list> whose i-th <SQL argument> is NPSAi, 1
(one) ≤ i ≤ SRNP.

ii) Let XAi, 1 (one) ≤ i ≤ SRNP, be the i-th <SQL argument> in XAL.

iii) For each SQL parameter Pi, 1 (one) ≤ i ≤ SRNP, that is an output SQL parameter or both
an input SQL parameter and an output SQL parameter:

1) If Pi is an output SQL parameter, then XAi shall be a <target specification>.

2) If Pi is both an input SQL parameter and an output SQL parameter, then XAi shall
be either a <default specification> or a <target specification>.

3) If RI is contained in a <triggered SQL statement> of an AFTER trigger, then XAi
shall not be a <column reference>.

4) 10 If XAi is an <embedded variable specification> or a <host parameter specifica-
tion>, then the Syntax Rules of Subclause 9.1, “Retrieval assignment”, are applied
with XAi as TARGET and Pi as VALUE.

5) 04 IfXAi is an<SQLparameter reference>, a <columnreference>, or a <target array
element specification>, then the SyntaxRules of Subclause9.2, “Store assignment”,
are applied with XAi as TARGET and Pi as VALUE.

NOTE 393—The <column reference> can only be a new transition variable column reference.

iv) For each SQL parameter Pi, 1 (one) ≤ i ≤ SRNP, that is an input SQL parameter but not
an output SQL parameter, XAi shall be either a <value expression> or a <contextually
typed value specification>.

v) For each SQL parameter Pi, 1 (one) ≤ i ≤ SRNP, that is an input SQL parameter or both
an input SQL parameter and an output SQL parameter, and each XAi that is not a
<contextually typed value specification>, the Syntax Rules of Subclause 9.2, “Store
assignment”, are applied with Pi as TARGET and XAi as VALUE.

10) If RI is not immediately contained in a <call statement>, then:

628 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
9.18 Invoking an SQL-invoked routine

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


An invocable routine is an SQL-invoked routine SIR that is an executable routine such that all
of the following are true:

a)

i) Let the number of SQL parameters of SIR be SIRNA; SIRNA ≥ NA.

ii) If the <SQL argument list> does not contain any <SQL argument> that is a <named
argument specification>, then for each k, NA < k ≤ SIRNA, then the routine descriptor
of SIR contains an indication that the k-th SQL parameter has a default value.

b) The set of candidate routines of RI is defined as follows.

Case:

i) If RN does not contain a <schema name>, then the candidate routines of RI are the set
union of invocable routines of all schemas whose <schema name> is in DP.

ii) If RN contains a <schema name> SN, then SN shall be the <schema name> of a schema
S. The candidate routines of RI are the invocable routines (if any) contained in S.

c) Case:

i) If AL contains at least one <named argument specification>, then:

1) LetMAP be a mapping of every <SQL parameter name> immediately contained
in the <named argument specification>s to the parameter names of SIR, such that
those names are equivalent. IfMAP does not exist, then SIR is removed from the
set of candidate routines.

2) The ordinal position of the SQL parameter of SIR to whichMAPmaps a given
<named argument specification> shall be the same for all remaining candidate
routines.

3) Let Ai, 1 (one) ≤ i ≤ NA, be the <named argument SQL argument> contained in
the i-th <SQL argument> in AL and let Pj, 1 (one) ≤ j ≤ NA, be the corresponding
SQL parameter of SIR. Each Ai shall have exactly one corresponding Pj.

4) If there exists an SQL parameter SPWOD forwhich no <named argument specific-
ation> exists inAL that has an equivalent <SQL parameter name> and the routine
descriptor of PCR does not contain an indication that SPWOD has a default value,
then PCR is removed from the set of candidate routines.

ii) Otherwise, let Ai, 1 (one) ≤ i ≤ NA, be the i-th <SQL argument> in AL and let Pj, 1 (one)
≤ j ≤ NA, be the corresponding j-th SQL parameter of SIR.

d) For each Ai, 1 (one) ≤ i ≤ NA, that is neither a <dynamic parameter specification> nor a <con-
textually typed value specification> and its corresponding Pj,

Case:

i) If the declared type of Pj is a user-defined type, then:

1) Let STi be the set of subtypes of the declared type of Ai.

2) The Syntax Rules of Subclause 9.7, “Type precedence list determination”, are
appliedwith the data type of some type in STi asDATA TYPE; let TPLi be the TYPE
PRECEDENCE LIST returned from the application of those Syntax Rules.

3) The type designator of the declared type of Pj shall be in TPLi.
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ii) If the declared type of Pj is generic table parameter type, then Ai shall be a <table
argument>.

iii) If the declared type of Pj is descriptor parameter type, then Ai shall be a <descriptor
argument>.

iv) Otherwise:

1) The Syntax Rules of Subclause 9.7, “Type precedence list determination”, are
applied with the declared type of Ai as DATA TYPE; let TPLi be the TYPE PRECED-
ENCE LIST returned from the application of those Syntax Rules.

2) The type designator of the declared type of Pj shall be in TPLi.

e) The declared type of each <value expression> immediately contained in a <generalized
expression> shall be a subtype of the structured type identified by the <user-defined type
name> simply contained in the <path-resolved user-defined type name> that is immediately
contained in <generalized expression>.

f) For all i, 1 (one) ≤ i ≤ NA, Ai shall be neither a <target specification> nor a <named argument
specification> that simply contains a <target specification>.

g) For all i, 1 (one) ≤ i ≤ NA,

Case:

i) If Ai is a <generalized expression>, then let TSi be the data type identified by the <user-
defined type name> simply contained in the <path-resolved user-defined type name>
that is immediately contained in the <generalized expression>.

ii) Otherwise, if Ai is neither a <dynamic parameter specification> nor a <contextually
typed value specification>, then let TSi be the declared type of Ai.

h) The subject routine is defined as follows:

i) For each Ai, 1 (one) ≤ i ≤ NA,

Case:

1) If Ai is a <dynamic parameter specification> or a <contextually typed value spe-
cification>, then letVibe that <dynamic parameter specification>or <contextually
typed value specification>, respectively.

2) If Ai is a <table argument> or a <descriptor argument>, then let Vi be Ai.

3) Otherwise, let Vi be a value arbitrarily chosen whose declared type is TSi.

ii) Let SRAL be an <SQL argument list>withNA <SQL argument>s derived fromVi, 1 (one)
≤ i≤NA, ordered according to the ordinal position iof the corresponding SQLparameter.

iii) The Syntax Rules of Subclause 9.6, “Subject routine determination”, are applied with
SRAL as SQL ARGUMENT LIST and the candidate routines of RI as SET OF SQL-INVOKED
ROUTINES; let a set of candidate subject routinesCSRbe the SETOFSUBJECTROUTINES
returned from the application of those Syntax Rules.

iv) There shall be at least one candidate subject routine in CSR.

1) Case:
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If RN does not contain a <schema name>, then let S1 be a schema included
in DP such that S1 includes at least 1 (one) candidate subject routine of RI

A)

and there is no other schema that precedes S1 in DP and contains at least
1 (one) candidate subject routine of RI. Any routine not contained in S1 is
removed from CSR.

B) If RN contains a <schema name>, then let S1 be the schema identified by
that <schema name>. S1 shall include at least 1 (one) candidate subject
routine of RI. Any routine not contained in S1 is removed from CSR.

2) The set of candidate subject routines with minimal number of parameters of RI
comprises those candidate routines such that there is no other candidate routine
that has fewer parameters. Let CSRMNP be the set of candidate subject routines
with minimal number of parameters of RI.

3) Case:

A) IfRI is not immediately contained in a <staticmethod selection>, then there
shall be exactly one candidate subject routine in CSRMNP. Let the subject
routine SR be the candidate subject routine in CSRMNP.

B) Otherwise, there shall be an SQL-invoked routine SIRCR3 in CSRMNP such
that there is no other candidate subject routine R2 in CSRMNP for which
the user-defined type described by the user-defined type descriptor that
includes the routine descriptor of R2 is a subtype of the user-defined type
described by the user-defined type descriptor that includes the routine
descriptor of SIRCR3. The subject routine SR is SIRCR3.

i) The subject routine of RI is SR.

j) Let SRNP be the number of SQL parameters of SR. Let Pi, 1 (one) ≤ i ≤ SRNP, be the i-th SQL
parameter of SR.

Case:

i) If AL contains at least one <named argument specification>, then let NPSAj, 1 (one) ≤
j ≤ SRNP, be the <named argument SQL argument> immediately contained in the
<named argument specification> in ALwhose <SQL parameter name> is equivalent to
Pj.

1) For each SQL parameter Pi, 1 (one) < i ≤ SRNP, for which no <named argument
specification> exists in AL that has an equivalent <SQL parameter name>, let
NPSAi be DEFAULT.

2) Let XAL be an <SQL argument list> whose i-th <SQL argument> is NPSAi, 1 (one)
≤ i ≤ SRNP.

ii) Otherwise:

1) Let NPSAj, 1 (one) ≤ j ≤ NA, be Aj.

2) Let NPSAj, NA ≤ j ≤ SRNP, be DEFAULT.

3) Let XAL be an <SQL argument list> whose i-th <SQL argument> is NPSAi, 1 (one)
≤ i ≤ SRNP.

NOTE 394— If SRNP = 0 (zero), then XAL is an empty list of SQL arguments.

k) Let XAi, 1 (one) ≤ i ≤ SRNP, be the i-th <SQL argument> in XAL.
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l) For each i, 1 (one) ≤ i ≤ SRNP,

Case:

i) If Pi is a generic table parameter, then XAi shall be a table.

ii) If Pi is a descriptor parameter, then XAi shall be NULL, DEFAULT, or a <descriptor value
constructor>.

iii) Otherwise, if XAi is neither a <dynamic parameter specification> nor a <contextually
typed value specification>, then the Syntax Rules of Subclause 9.2, “Store assignment”,
are applied with Pi as TARGET and its corresponding XAi as VALUE.

m) The effective returns data type of RI is defined as follows:

i) Case:

1) If SR is a type-preserving function, then let Pj be the result SQL parameter of SR.
If the corresponding Ai contains a <generalized expression>, then let RT be the
declared typeof the<value expression>contained in the<generalizedexpression>
of Ai; otherwise, let RT be the declared type of Ai.

2) Otherwise, let RT be the declared type of the result of SR.

ii) The effective returns data type of RI is RT.

11) If SR is a constructor function, then RI shall be simply contained in a <new invocation>.

12) If SR is a polymorphic table function, then:

a) RI shall be simply contained in a <PTF derived table> PTFDT or a <table function invocation>.

b) For each <table argument> TA simply contained in RI:

i) Let TAP be the <table argument proper> simply contained in TA. Let TAPAR be the
parameter of SR corresponding to TA.

ii) TA has a row type TART and one or more range variables, to be defined in succeeding
rules. The scope of each range variable of TA is the <table argument partitioning> and
<table argument ordering> contained inTA. Each range variable ofTAhas an associated
column list that references fields of TART.

Case:

1) If TAP is a <table function invocation> that invokes a polymorphic table function,
then:

A) Let PTFI be the <table function invocation> simply contained in TAP.

B) If TAP simply contains a <table argument correlation name> TACN, then let
ASTACN be

AS TACN

Otherwise, let ASTACN be the zero-length character string.

C) IfTAP simply contains <table argument parenthesizedderived column list>,
then let TAPDCL be that <table argument parenthesized derived column
list>; otherwise, let TAPDCL be the zero-length character string.

D) Let TAPTP be the <table primary>
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TABLE ( PTFI ) ASTACN TAPDCL

E) The row type TART of TA is the row type of the <table primary> TAPTP. The
range variables of TA are the range variables of TAPTP. The associated
column lists of those range variables are the associated column lists
determined by TAPTP.

2) Otherwise:

A) Case:

I) IfTAP immediately contains a <table or queryname>TAPTOQN, then
let TAPTAB be the table identified by TAPTOQN. Let TAPRT be the
row type of TAPTAB.

II) If TAP immediately contains a <table subquery> TAPTSQ, then let
TAPRT be the row type of TAPTSQ.

III) Otherwise, TAP is a <table function invocation> that is a <routine
invocation> TAPRI. Let TAPSR be the subject routine of TAPRI. TAPSR
shall be a table function. Let TAPRT be the row type specified by the
<table function column list> of TAPSR.

NOTE 395— TAPRImust be a conventional table function because an earlier
case handled the case of a nested polymorphic table function.

B) Let TAPDEG be the number of columns in TAPRT.

C) The only range variable exposed by TA is

Case:

I) If TA simply contains a <table argument correlation name> TACN,
then TACN.

II) If TAP immediately contains a <table or query name> TOQN, then
TOQN.

III) Otherwise, an implementation-dependent (UV095) range variable.

D) Case:

I) If TA has a <table argument parenthesized derived column list>
TAPDCL, then:

1) The number of <column name>s contained in TAPDCL shall be
TAPDEG.

2) The <column name>s contained in TAPDCL shall be mutually
distinct.

3) The row typeTARTofTA is describedby the sequence of ( <field
name>, <data type> ) pairs, where the <field name> in each
such pair is the <column name> in the corresponding position
in TAPDCL and the <data type> in the that pair is the <data
type> of the corresponding column of TAPRT.

II) Otherwise, the row type TART of TA is TAPRT.

E) The associated column list of the range variable exposed by TA is the list of
fields of TAPRT.
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iii) If TA contains a <table argument partitioning> TAPBY, then:

1) TAPAR shall be a table parameter of SRwith set semantics.

2) Every <column reference> contained in TAPBY shall identify a column of TART.
The columns identifiedby these<columnreference>s are thepartitioning columns
of TA.

3) Each partitioning columnofTA is an operand of a grouping operation. The Syntax
Rules of Subclause 9.12, “Grouping operations”, are applied.

iv) If TA contains a <table argument pruning>, then TAPAR shall be a table parameter of
SRwith set semantics that specifies KEEPWHEN EMPTY.

v) If either TA or TAPAR specifies PRUNEWHEN EMPTY, then TA is said to be pruned.

vi) If TA contains a <table argument ordering> TAOBY, then:

1) TAPAR shall be a table parameter of SRwith set semantics.

2) Every <column reference> contained in TAOBY shall identify a column of TART.
The columns identified by these <column reference>s are the ordering columns
of TA.

3) Each ordering column of TA is an operand of an ordering operation. The Syntax
Rules of Subclause 9.14, “Ordering operations”, are applied.

c) No two range variables of the <table argument>s shall be equivalent.

d) If RI contains a <co-partition clause> COCL, then:

i) No two <range variable>s contained in COCL shall be equivalent.

ii) For every <co-partition specification> COSPEC contained in COCL:

1) Let NCOSPEC be the number of <range variable>s contained in COSPEC.

2) Each <range variable> contained in COSPEC shall reference a range variable
exposed by some <table argument> of RI. Let CORV1, ..., CORVNCOSPEC be those
range variables, and let CORVTA1, ..., CORVTANCOSPEC be their <table argument>s.

3) Every <table argument> CORVTAi shall have the same numberNCORVPC of parti-
tioning columns. NCORVPC shall be positive.

4) For any pair of range variables contained in COSPEC, corresponding partitioning
columns of the respective <table argument>s shall be comparable.

iii) No<table argument> shall be referenced inmore than one<co-partition specification>.

e) For each i, 1 (one) ≤ i ≤ SRNP,

Case:

i) If XAi is DEFAULT, then

Case:

1) If Pi specifies a <parameter default> PD, then let PAi be PD.

2) Otherwise, let PAi be NULL.

ii) Otherwise, let PAi be XAi.
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f) LetPALbe an<SQLargument list>whose i-th <SQLargument> isPAi.PAL is thepre-compilation
argument list of RI.

NOTE 396— For conventional SQL-invoked routines, parameter defaults are supplied in the General Rules
of this Subclause. For polymorphic table functions, parameter defaults are suppliedhere in thepre-compilation
argument list. This argument list is subsequently used twice, once to create the compilation argument list
(below) and again during the execution phase. In the compilation argument list, any argument that is not a
compile-time constant is treated as null. The parameter defaults must be supplied before examining the
arguments to decide which are compile-time constants.

g) For each i, 1 (one) ≤ i ≤ SRNP,

Case:

i) If Pi is a table parameter or a descriptor parameter, then let CAi be PAi.

ii) If PAi is a <literal> or an <empty specification>, then let CAi be PAi.

iii) IfPAi is a <value expression> that conforms to an implementation-defined (IA062) rule
enabling PAi to be evaluated without accessing SQL-data, then let CAi be PAi.

NOTE 397— For example, an SQL-implementation can evaluate an argument that is “1+1” during
compilation prior to execution.

iv) Otherwise, let CAi be NULL.

NOTE 398— For compilation only, any argument that cannot be computed statically is treated as
null.

h) Let CAL be an <SQL argument list> whose i-th <SQL argument> is CAi. CAL is the compilation
argument list of RI.

i) The General Rules of Subclause 9.24, “Compilation of an invocation of a polymorphic table
function”, are appliedwithRI asROUTINE INVOCATION, SR asPOLYMORPHICTABLEFUNCTION,
and CAL as ARGUMENT LIST; let PTFDA be the PTF DATA AREA returned from the application
of those General Rules. There shall not be an exception condition raised during the execution
of those General Rules.

j) The status variable in PTFDA shall be successful completion (00000).

k) For every generic table parameter GTA of SR:

i) Let FRT be the PTF descriptor area of the full row type of GTA and let RRT be the PTF
descriptor area of the requested row type of GTA.

ii) The COUNT component of the header of RRT shall be positive, and shall be the number
NRRT of SQL item descriptor areas of RRTwhose LEVEL component is 0 (zero).

iii) The NAME components of the SQL item descriptor areas of RRTwhose LEVEL compo-
nent is 0 (zero) shall each have length greater than 0 (zero), be mutually distinct, and
be equal to the NAME component of a unique SQL item descriptor area of FRTwhose
LEVEL component is 0 (zero).

l) Let IRR be the PTF descriptor area for the initial result row type.

i) The COUNT component of the header of IRR shall be the number NIRR of SQL item
descriptor areas of IRRwhose LEVEL component is 0 (zero).

ii) The NAME components of the SQL item descriptor areaswhose LEVEL is 0 (zero) shall
each have length greater than 0 (zero) and be mutually distinct.

iii) Each SQL item descriptor area of IRR shall match a declared type.
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iv) If there is no generic table parameter of SR that specifies PASS THROUGH, then NIRR
shall be positive.

m) The initial result row type of RI is described by the sequence of NIRR ( <field name>, <data
type> ) pairs, where the <field name> in the i-th pair is the value of the NAME component of
the i-th SQL itemdescriptor SIDAwhose LEVEL component is 0 (zero), andwhose <data type>
is matched by SIDA.

n) The columns of the initial result row type of RI are the proper result columns of RI.

13) Let the static SQL argument list SAL of RI be XAL.

14) 13Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause,
which receives SR as SUBJECT ROUTINE and SAL as STATIC SQL ARG LIST.

Access Rules

None.

General Rules

1) Let SR be the SUBJECT ROUTINE and let SAL be the STATIC SQL ARG LIST in an application of the
General Rules of this Subclause. The result of the application of this Subclause is returned asVALUE.

2) Except where explicitly specified, the General Rules of this Subclause are not terminated if an
exception condition is raised.

3) Case:

a) If SAL is empty, then let the dynamic SQL argument list DAL be empty.

b) Otherwise:

i) Each SQL argument Ai, 1 (one) ≤ i ≤ SRNP, in SAL that is not a <default specification>
is evaluated, in an implementation-dependent (US037) order, to obtain a value Vi.

ii) For each SQL argument Ai, 1 (one) ≤ i ≤ SRNP, in SAL that is a <default specification>,
a value Vi is obtained in an implementation-dependent (US038) order, as follows.

Case:

1) If the descriptor of SR does not contain an indication that the SQL parameter Pi
has a default value, then Vi is the null value.

2) Otherwise, the<parameterdefault> contained in thedescriptor of SR is evaluated
to obtain a value Vi.

iii) Let the dynamic SQL argument list DAL be the list of values Vi, 1 (one) ≤ i ≤ SRNP, in
order.

iv) If SR is type preserving and the null value is substituted for the result parameter, then

Case:

1) If SR is a mutator function, then an exception condition is raised: data exception
— null value substituted for mutator subject parameter (2202D) and no further
General Rules of this Subclause are applied.
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2) Otherwise, the value of RI is the null value and no further General Rules of this
Subclause are applied.

v) Case:

1) If SR is an instance SQL-invoked method, then:

A) IfV1 is the null value, then the value ofRI is the null value and the remaining
General Rules of this Subclause are not applied.

B) Let SM be the set of SQL-invoked methodsM for which all of the following
are true:

I) The <routine name> of SR and the <routine name> ofM have equi-
valent <qualified identifier>s.

II) SR andM have the same number N of SQL parameters. Let PSRi, 1
(one) ≤ i ≤ N, be the i-th SQL parameter of SR and PMi, 1 (one) ≤ i ≤
N, be the i-th SQL parameter ofM.

III) The declared type of the subject parameter ofM is a subtype of the
declared type of the subject parameter of SR.

IV) For j varying from 2 to N, the Syntax Rules of Subclause 9.30, “Data
type identity”, are applied with the declared type of PMj as TYPE1
and the declared type of PSRj as TYPE2.

NOTE 399— SR is an element of the set SM.

C) SM is the set of overriding methods of SR and every SQL-invoked methodM
in SM is an overriding method of SR.

D) Case:

I) If the first SQL argument A1 in SAL contains a <generalized expres-
sion>, then let DT1 be the data type identified by the <user-defined
type name> contained in the <generalized expression> of A1.

II) Otherwise, let DT1 be the most specific type of V1.

E) Let R be the SQL-invoked method in SM such that there is no other SQL-
invoked methodM1 in SM for which the type designator of the declared
type of the subject parameter ofM1 precedes that of the declared type of
the subject parameter of R in the type precedence list of DT1.

2) Otherwise, let R be SR.

4) Let N and PN be the number of values in DAL. For i ranging from 1 (one) to PN:

a) Let Vi be the i-th value in DAL. Let Ti be the declared type of the i-th SQL parameter Pi of R.

b) If the declared type of Vi is DATE, and Ti is either TIMESTAMPWITHOUT TIME ZONE or
TIMESTAMPWITH TIME ZONE, then Vi is effectively replaced by the value obtained from

CAST ( Vi AS TIMESTAMP )

NOTE400—This choice is possible only if the type precedence list for DATE includes TIMESTAMP; see SR 12)
of Subclause 9.7, “Type precedence list determination”.

c) 14Case:
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i) 14 If Pi is an input SQL parameter or both an input SQL parameter and an output SQL
parameter, then General Rules of Subclause 9.2, “Store assignment”, are applied with
Vi as VALUE and a temporary site STwhose declared type is Ti as TARGET. Let CPVi be
the value of ST. If the General Rules of Subclause 9.2, “Store assignment”, raise any
exception conditions, then no further General Rules of this Subclause are applied.

ii) Otherwise,

Case:

1) 13 If R is an SQL routine, then let CPVi be the null value.

2) Otherwise, let CPVi be an implementation-defined (IV161) value of most specific
type Ti.

5) 13 If R is an external routine, then:

a) Let P be the program identified by the external name of R.

b) For i ranging from 1 (one) to N, let Pi be the i-th SQL parameter of R and let Ti be the declared
type of Pi.

Case:

i) If Pi is an input SQL parameter or both an input SQL parameter and an output SQL
parameter, then

Case:

1) 14 If Pi is a locator parameter, then CPVi is replaced by the locator value that
uniquely identifies the value of CPVi.

2) If Ti is a user-defined type, and Pi is not a locator parameter, then:

A) Let FSFi be the SQL-invoked routine identified by the specific name of the
from-sql function associated with Pi in the routine descriptor of R. Let RTi
be the declared type of the result of FSFi.

B) The General Rules of this Subclause are applied with CPVi as STATIC SQL
ARG LIST and FSFi as SUBJECT ROUTINE; let V be the VALUE returned from
the application of those General Rules.

NOTE 401— The V returned is not used.

C) Let RVi be the result of the invocation of FSFi. CPVi is replaced by RVi.

ii) Otherwise,

Case:

1) 14 If Pi is a locator parameter,then CPVi is replaced with an implementation-
dependent (UV096) value of type INTEGER.

2) If Ti is a user-defined type and Pi is not a locator parameter, then:

A) Let FSFi be the SQL-invoked routine identified by the specific name of the
from-sql function associated with Pi in the routine descriptor of R. Let RTi
be the declared type of the result of FSFi.
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B) CPVi is replaced by an implementation-defined (IV162) value of type RTi.

6) Preserve the current SQL-session context CSC and create a new SQL-session context RSC derived
from CSC as follows:

a) The current default catalog name, the current default unqualified schema name, the current
default character set name, the SQL-path of the current SQL-session, the text defining the SQL-
path, the current default time zone displacement of the current SQL-session, the contents of
all SQL dynamic descriptor areas, the text defining the default transform group name, and the
text defining the user-defined type name—transform group name pair for each user-defined
type explicitly set by the user are set to implementation-defined (IV088) values.

b) The values of the current SQL-session identifier, the SQL-session user identifier, the identities
of all instances of global temporary tables, the cursor instance descriptor of all open cursors
accessible in the SQL-session, the current constraint mode for each integrity constraint, the
current transaction access mode, the current transaction isolation level, the SQL-session col-
lation of each character set known to the SQL-implementation, the current condition area
limit, the subject table restriction flag, the restricted subject table name list, and the triggered
action indicator are set to their values in CSC.

c) The value of the original time zone displacement is set to the value of the current time zone
displacement in CSC.

d) The set of values of all valid locators in CSC is copied to RSC.

e) The diagnostics area stack in CSC is copied to RSC and the General Rules of Subclause 23.2,
“Pushing and popping the diagnostics area stack”, are applied with “PUSH” as OPERATION
and the diagnostics area stack in RSC as STACK.

NOTE 402— The diagnostics area pushed by the preceding rule is popped effectively when RSC is replaced
by CSC on completion of the routine invocation in GR 16).

f) Case:

i) If R is an SQL routine, then the following are copied from CSC to RSC:

1) The identities of all global temporary tables.

2) The cursor instance descriptors of all open cursors that are global extended
dynamic cursors.

3) Prepared statements that have global extended names.

4) 04 SQL descriptor areas that have global extended names.

ii) 13Otherwise:

1) LetM be the <SQL-client module definition> of P. The following are copied from
CSC to RSC:

A) The identities of all global temporary tables.

B) The cursor instance descriptors of all open cursors that are global extended
dynamic cursors.

C) Prepared statements that have global extended names.

D) SQL descriptor areas that have global extended names.

2) It is implementation-defined (IA063)whether the following are copied from CSC
to RSC:
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A) The identities of all instances of created local temporary tables that are
referenced inM.

B) The identities of all declared local temporary tables that are defined by
<temporary table declaration>s that are contained inM.

C) The cursor instance descriptors of all open cursors that are not global
extended dynamic cursors and whose SQL-client module isM.

D) Prepared statements that do not have global extended names.

E) SQL descriptor areas that do not have global extended names.

F) Every currently available result set sequence RSS, along with the specific
name of an SQL-invoked procedure SIP and the name of the invoker of SIP
for the invocation causing RSS to be brought into existence.

g) Indicate in the routine execution context of RSC:

i) That the SQL-invoked routine R is active.

ii) Whether R is an SQL-invoked function.

h) Case:

i) If the SQL-data access indication of CSC specifies possibly contains SQL and R possibly
reads SQL-data or R possibly modifies SQL-data, then

Case:

1) If R is an external routine, then an exception condition is raised: external routine
exception— reading SQL-data not permitted (38004).

2) Otherwise, an exception condition is raised: SQL routine exception—reading SQL-
data not permitted (2F004).

ii) If the SQL-data access indicationofCSC specifiespossibly reads SQL-data andRpossibly
modifies SQL-data, then

Case:

1) If R is an external routine, then an exception condition is raised: external routine
exception—modifying SQL-data not permitted (38002).

2) Otherwise, an exception condition is raised: SQL routine exception—modifying
SQL-data not permitted (2F002).

i) Case:

i) IfRdoes not possibly contain SQL, then set the SQL-data access indication in the routine
execution context of RSC to does not possibly contain SQL.

ii) IfR possibly contains SQL, then set the SQL-data access indication in the routine execu-
tion context of RSC to possibly contains SQL.

iii) If R possibly reads SQL-data, then set the SQL-data access indication in the routine
execution context of RSC to possibly reads SQL-data.

iv) If R possibly modifies SQL-data, then set the SQL-data access indication in the routine
execution context of RSC to possibly modifies SQL-data.

j) The authorization stack of RSC is set to a copy of the authorization stack of CSC.
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k) A copy of the top cell is pushed onto the authorization stack of RSC.

l) Case:

i) If R is an external routine, then:

1) Case:

A) If the external security characteristic of R is IMPLEMENTATION DEFINED,
then the current user identifier and the current role name of RSC are
implementation-defined (IV089).

B) If the external security characteristic of R is DEFINER, then the top cell of
the authorization stack ofRSC is set to contain only the routine authorization
identifier of R.

2) The routine SQL-path of RSC is set to the external routine SQL-path of R.

ii) Otherwise:

1) If the SQL security characteristic of R is DEFINER, then the top cell of the
authorization stackofRSC is set to containonly the routine authorization identifier
of R.

2) The routine SQL-path of RSC is set to the routine SQL-path of R.

m) If the subject routine is an SQL-invoked procedure SIP, then:

i) For every received cursor RCwhose origin is the <specific routine designator> of SIP,
the cursordeclarationdescriptor and the cursor instancedescriptor ofRC aredestroyed.

ii) Every result set sequence associated with SIP is destroyed.

iii) Let INV be the invoker of SIP. An empty result set sequence RSS, for SQL-invoked pro-
cedure SIP and invoker INV, is added to RSC.

NOTE 403—The invoker of SIP is defined in Subclause 4.35.6, “Result sets returned by SQL-invoked
procedures”.

n) Case:

i) If R is an SQL-invoked function, or if CSC indicates that a triggered action is executing,
the statement timestamp of RSC is set to the statement timestamp of CSC.

ii) Otherwise, the statement timestamp of RSC is set to “not set”.

o) RSC becomes the current SQL-session context.

7) If the descriptor of R includes an indication that a new savepoint level is to be established when R
is invoked, then a new savepoint level is established.

8) If R is an SQL routine, then

Case:

a) If R is a null-call function and if any of CPVi is the null value, then let RV be the null value.

b) Otherwise:

i) For i ranging from 1 (one) to PN, set the value of Pi to CPVi.

ii) The General Rules of Subclause 9.17, “Executing an <SQL procedure statement>”, are
applied with the SQL routine body of R as EXECUTING STATEMENT.
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iii) If, before the completion of the execution of the SQL routine body of R, an attempt is
made to execute an SQL-connection statement, then an exception condition is raised:
SQL routine exception— prohibited SQL-statement attempted (2F003).

iv) Case:

1) If the SQL-implementation does not support Feature T272, “Enhanced savepoint
management”, and, before the completion of the execution of the SQL routine
body of R, an attempt is made to execute an SQL-transaction statement, then an
exception condition is raised: SQL routine exception— prohibited SQL-statement
attempted (2F003).

2) If, before the completion of the execution of the SQL routine body ofR, an attempt
is made to execute an SQL-transaction statement that is not a <savepoint state-
ment> or a <release savepoint statement>, or is a <rollback statement> that does
not specify a <savepoint clause>, then an exception condition is raised: SQL routine
exception— prohibited SQL-statement attempted (2F003).

v) If the SQL-implementation does not support Feature T651, “SQL-schema statements
in SQL routines”, and, before the completion of the execution of the SQL routine body
of R, an attempt is made to execute an SQL-schema statement, an exception condition
is raised: SQL routine exception— prohibited SQL-statement attempted (2F003).

vi) If the SQL-implementation does not support Feature T652, “SQL-dynamic statements
in SQL routines”, and, before the completion of the execution of the SQL routine body
of R, an attempt is made to execute an SQL-dynamic statement, an exception condition
is raised: SQL routine exception— prohibited SQL-statement attempted (2F003).

vii) If the SQL-data access indication of RSC specifies possibly contains SQL and, before the
completion of the execution of the SQL routine body ofR, an attempt ismade to execute
an SQL-statement that possibly reads SQL-data, or an attempt is made to execute an
SQL-statement that possibly modifies SQL-data, then an exception condition is raised:
SQL routine exception— reading SQL-data not permitted (2F004).

viii) If the SQL-data access indication of RSC specifies possibly reads SQL-data and, before
the completion of the execution of the SQL routine body of R, an attempt is made to
execute an SQL-statement that possiblymodifies SQL-data then an exception condition
is raised: SQL routine exception—modifying SQL-data not permitted (2F002).

ix) If R is an SQL-invoked function, then

Case:

1) If no <return statement> is executed before completion of the execution of the
SQL routine body ofR, then an exception condition is raised: SQL routine exception
— function executed no return statement (2F005).

2) Otherwise, let RV be the returned value of the execution of the SQL routine body
of R.

NOTE 404— “Returned value” is defined in Subclause 16.2, “<return statement>”.

x) If R is an SQL-invoked procedure, then for each SQL parameter of R that is an output
SQL parameter or both an input SQL parameter and an output SQL parameter, set the
value of CPVi to the value of Pi.

9) If R is an external routine, then:

a) 04Themethodand timeof binding ofP to the schema that includesR is implementation-defined
(IW167).
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b) If R specifies PARAMETER STYLE SQL, then:

i) Case:

1) If R is an SQL-invoked function, then the effective SQL parameter list ESPL of R
is set as follows:

A) If R is a collection-returning external function with the element type being
a row type, then let FRN be the degree of the element type; otherwise, let
FRN be 1 (one).

B) For i ranging from 1 (one) to PN, the i-th entry in ESPL is set to CPVi.

C) For i ranging from PN+1 to PN+FRN, the i-th entries in ESPL are the result
data items.

D) For i ranging from (PN+FRN)+1 to (PN+FRN)+N, the i-th entry in ESPL is
the SQL indicator argument corresponding to CPVi-(PN+FRN).

E) For i ranging from (PN+FRN)+N+1 to (PN+FRN)+N+FRN, the i-th entries in
ESPL are the SQL indicator arguments corresponding to the result data
items.

F) For i equal to (PN+FRN)+(N+FRN)+1, the i-th entry in ESPL is the exception
data item.

G) For i equal to (PN+FRN)+(N+FRN)+2, the i-th entry in ESPL is the routine
name text item.

H) For i equal to (PN+FRN)+(N+FRN)+3, the i-th entry in ESPL is the specific
name text item.

I) For i equal to (PN+FRN)+(N+FRN)+4, the i-th entry in ESPL is themessage
text item.

J) If R is a collection-returning external function, then for i equal to
(PN+FRN)+(N+FRN)+5, the i-th entry in ESPL is the save area data item and
for i equal to (PN+FRN)+(N+FRN)+6, the i-th entry in ESPL is the call type
data item.

K) Set the values of the SQL indicator arguments corresponding to the result
data items (that is, SQL argument value list entries from (PN+FRN)+N+1
through (PN+FRN)+N+FRN, inclusive) to 0 (zero).

L) For i ranging from 1 (one) to PN, if CPVi is the null value, then set entry
(PN+FRN)+i (that is, the i-th SQL indicator argument corresponding toCPVi)
to −1 (negative one); otherwise, set entry (PN+FRN)+i (that is, the i-th SQL
indicator argument corresponding to CPVi) to 0 (zero).

M) IfR is a collection-returning external function, then set the value of the save
areadata item(that is, SQLargument value list entry (PN+FRN)+(N+FRN)+5)
to an implementation-defined (IV090) value and set the value of the call
typedata item(that is, SQLargumentvalue list entry (PN+FRN)+(N+FRN)+6)
to −1 (negative one).

2) Otherwise, the effective SQL parameter list ESPL of R is set as follows:

A) For i ranging from 1 (one) to PN, the i-th entry in ESPL is CPVi.
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B) For i ranging from PN+1 to PN+N, the i-th entry in ESPL is the SQL indicator
argument corresponding to CPVi-PN.

C) For i equal to (PN+N)+1, the i-th entry in ESPL is the exception data item.

D) For i equal to (PN+N)+2, the i-th entry in ESPL is the routine name text item.

E) For i equal to (PN+N)+3, the i-th entry in ESPL is the specific name text item.

F) For i equal to (PN+N)+4, the i-th entry in ESPL is themessage text item.

G) For i ranging from1 (one) to PN, if CPVi is the null value, then set entry PN+i
in ESPL (that is, the i-th SQL indicator argument corresponding to CPVi) to
−1 (negative one); otherwise, set entry PN+i in ESPL (that is, the i-th SQL
indicator argument corresponding to CPVi) to 0 (zero).

ii) The exception data item is set to '00000'.

iii) The routine name text item is set to the <schema qualified name> of the routine name
of R.

iv) The specific name text item is set to the <qualified identifier> of the specific name of
R.

v) The message text item is set to the zero-length character string.

c) If R specifies PARAMETER STYLE GENERAL, then the effective SQL parameter list ESPL of R
is set as follows:

i) If R is not a null-call function and, for i ranging from 1 (one) to PN, any of CPVi is the
null value, then an exception condition is raised: external routine invocation exception
— null value not allowed (39004).

ii) For i ranging from 1 (one) to PN, if no CPVi is the null value, then for j ranging from 1
(one) to PN, the j-th entry in ESPL is set to CPVj.

d) 13 If R specifies DETERMINISTIC and if different executions of Pwith identical SQL argument
value lists do not produce identical results, then the results are implementation-dependent
(UA055).

e) Let EN be the number of entries in ESPL. Let ESPi be the i-th effective SQL parameter in ESPL.

f) For i ranging from 1 (one) through EN, let PTi be the <data type> of ESPi.

g) Case:

i) If R is a null-call function and if any of CPVi is the null value, then P is assumed to have
been executed.

ii) Otherwise:

1) 13 If R is not a collection-returning external function, then P is executedwith a list
of EN parameters PDiwhose parameter names are PNi and whose values are set
as follows:

A) If the language of R is ADA, C, COBOL, FORTRAN, M, PASCAL, or PLI, then
let the operative data type correspondences table be Table 21, “Data type
correspondences for Ada”, Table 22, “Data type correspondences for C”,
Table 23, “Data type correspondences for COBOL”, Table 24, “Data type
correspondences for Fortran”, Table 25, “Data type correspondences for
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M”, Table 26, “Data type correspondences for Pascal”, or Table 27, “Data
type correspondences for PL/I”, respectively. Refer to the two columns of
the operative data type correspondences table as the SQL data type column
and the host data type column.

B) For i varying from 1 (one) to EN, the host language data type DTi of PDi is
the data type listed in the host data type column of the row in the operative
data type correspondences table whose value in the SQL data type column
corresponds to PTi.

2) The General Rules of Subclause 9.4, “Passing a value from the SQL-server to a
host language”, are appliedwith the language ofP as LANGUAGE,PTi as SQLTYPE,
and the value of ESPi as SQL VALUE; let PDi be the HOST VALUE returned from
the application of those General Rules.

3) 13 If R is an array-returning external function, then:

A) Let AR be an array whose declared type is the result data type of R.

B) TheGeneral Rules of Subclause9.21, “Executionof array-returning external
functions”, are applied with AR as ARRAY, ESPL as EFFECTIVE SQL PARA-
METER LIST, and P as PROGRAM.

4) If R is a multiset-returning external function, then:

A) LetMU be a multiset whose declared type is the result data type of R.

B) The General Rules of Subclause 9.22, “Execution of multiset-returning
external functions”, are applied withMU asMULTISET, ESPL as EFFECTIVE
SQL PARAMETER LIST, and P as PROGRAM.

5) 13 15 If the SQL-data access indication of RSC specifies does not possibly contain
SQL and, before the completion of any execution of P, an attempt is made to
execute an SQL-statement, then an exception condition is raised: external routine
exception— containing SQL not permitted (38001).

6) If, before the completion of any execution of P, an attempt is made to execute an
SQL-connection statement, then an exception condition is raised: external routine
exception— prohibited SQL-statement attempted (38003).

7) Case:

A) If the SQL-implementation does not support Feature T272, “Enhanced
savepoint management”, and, before the completion of the execution of P,
an attempt is made to execute an SQL-transaction statement, then an
exception condition is raised: external routine exception— prohibited SQL-
statement attempted (38003).

B) If, before the completionof the executionofP, an attempt ismade to execute
anSQL-transaction statement that is not <savepoint statement>or<release
savepoint statement>, or is a <rollback statement> that does not specify a
<savepoint clause>, then an exception condition is raised: external routine
exception— prohibited SQL-statement attempted (38003).

8) If the SQL-implementation does not support Feature T653, “SQL-schema state-
ments in external routines”, and, before the completion of any execution of P, an
attempt ismade to execute an SQL-schemastatement, then an exception condition
is raised: external routine exception—prohibitedSQL-statementattempted (38003).
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9) If the SQL-implementation does not support Feature T654, “SQL-dynamic state-
ments in external routines”, and, before the completion of any execution of P, an
attempt ismade toexecute anSQL-dynamic statement, thenanexceptioncondition
is raised: external routine exception—prohibitedSQL-statementattempted (38003).

10) If the SQL-data access indication ofRSC specifiespossibly contains SQL and, before
the completion of any execution of P, an attempt is made to execute an SQL-
statement that possibly reads SQL-data, or an attempt ismade to execute an SQL-
statement that possiblymodifies SQL-data, then an exception condition is raised:
external routine exception— reading SQL-data not permitted (38004).

11) If the SQL-data access indication of RSC specifies possibly reads SQL-data and,
before the completion of any execution of P, an attempt is made to execute an
SQL-statement that possibly modifies SQL-data, then an exception condition is
raised: external routine exception—modifying SQL-data not permitted (38002).

12) If P is not a conforming program according to the standard for R, then the results
of any execution of P are implementation-dependent (UA054).

h) After the completion of any execution of P:

i) 13 It is implementation-defined (IA066) whether:

1) Every instance of created local temporary tables and every instance of declared
local temporary tables that is associated with RSC is destroyed.

2) For every prepared statement PS prepared by P in the current SQL-transaction
that has not been deallocated by P:

A) Let SSN be the <SQL statement name> that identifies PS.

B) The following SQL-statement is effectively executed:

DEALLOCATE PREPARE SSN

ii) 13For i varying from 1 (one) to EN, the General Rules of Subclause 9.3, “Passing a value
from a host language to the SQL-server”, are applied with the language of P as LAN-
GUAGE, PTi as SQL TYPE, and the value of PDi asHOST VALUE; let ESPi be the SQL VALUE
returned from the application of those General Rules.

iii) If R specifies PARAMETER STYLE SQL, then

Case:

1) If the exception data item has the value '00000', then the execution of Pwas suc-
cessful.

2) If the first two characters of the exception data item are equal to the SQLSTATE
class code for warning (01000), then a completion condition is raised:warning
(01000), using a subclass code equal to the final three characters of the value of
the exception data item.

3) Otherwise, an exception condition is raised using a class code equal to the first
two characters of the value of the exception data item and a subclass code equal
to the final three characters of the value of the exception data item.

iv) If the exception data item is not '00000' and R specified PARAMETER STYLE SQL, then
the message text item is stored in the first diagnostics area.

i) If R is an SQL-invoked function, then:
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Case:i)

1) IfR is an SQL-invokedmethodwhose routinedescriptor doesnot include a STATIC
indication and if CPV1 is the null value, then let RDI be the null value.

2) If R is a null-call function, R is not a collection-returning external function, and if
any of CPVi is the null value, then let RDI be the null value.

3) 13 If R is not a null-call function, R is not a collection-returning external function,
R specifies PARAMETER STYLE SQL, and entry (PN+1)+N+1 in ESPL (that is, SQL
indicator argument N+1 corresponding to the result data item) is negative, then
let RDI be the null value.

4) Otherwise:

A) Case:

I) If R is not a collection-returning external function, R specifies
PARAMETER STYLE SQL, and entry (PN+1)+N+1 in ESPL (that is,
SQL indicator argument N+1 corresponding to the result data item)
is not negative, then let ERDI be the value of the result data item.

II) If R is an array-returning external function, and R specifies PARA-
METER STYLE SQL, then let ERDI be AR.

III) 15 If R is a multiset-returning external function, and R specifies
PARAMETER STYLE SQL, then let ERDI beMU.

IV) IfR specifies PARAMETER STYLEGENERAL, then letHLV be the host
language value returned from P. Let RDT be the <returns data type>
ofR. IfRDT contained<locator indication>, then letEDTbe INTEGER;
otherwise, let EDT be the <data type> contained inRDT. The General
Rules of Subclause 9.3, “Passing a value from a host language to the
SQL-server”, are applied with the language of R as LANGUAGE, EDT
as SQL TYPE, and HLV as HOST VALUE; let ERDI be the SQL VALUE
returned from the application of those General Rules.

NOTE 405— The host language value returned from P is passed to the SQL-
implementation in an implementation-dependentmanner. An argument value
list entry is not used for this purpose.

B) Case:

I) If the routine descriptor of R indicates that the return value is a lo-
cator, then

Case:

1) If ERDI is an invalid locator, then an exception condition is
raised: locator exception— invalid specification (0F001), evalu-
ation of GR 9) is terminated immediately, and evaluation con-
tinues with GR 12).

2) If RT is a binary large object type, then let RDI be the binary
large object value corresponding to ERDI.

3) If RT is a character large object type, then let RDI be the large
object character string corresponding to ERDI.

4) If RT is an array type, then let RDI be the array value corres-
ponding to ERDI.
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5) If RT is a multiset type, then let RDI be the multiset value cor-
responding to ERDI.

6) If RT is a user-defined type, then let RDI be the user-defined
type value corresponding to ERDI.

II) Otherwise, ifR specifies <result cast>, then letCRTbe the<data type>
specified in <result cast>; otherwise, let CRT be the <returns data
type> of R.

Case:

1) If R specifies <result cast> and the routine descriptor of R
indicates that the <result cast> has a locator indication, then

Case:

a) If CRT is a binary large object type, then let RDI be the
binary large object value corresponding to ERDI.

b) If CRT is a character large object type, then let RDI be the
large object character string corresponding to ERDI.

c) If CRT is an array type, then let RDI be the array value
corresponding to ERDI.

d) IfCRT is amultiset type, then letRDIbe themultiset value
corresponding to ERDI.

e) If CRT is a user-defined type, then let RDI be the user-
defined type value corresponding to ERDI.

2) Otherwise,

Case:

a) If CRT is a user-defined type, then:

i) Let TSF be the SQL-invoked routine identified by
the specific name of the to-sql function associated
with the result of R.

ii) Case:

1) If TSF is an SQL-invoked method, then:

A) If R is a type-preserving function, then
letMAT be themost specific type of the
value of the argument substituted for
the result SQL parameter of R; other-
wise, letMAT be CRT.

B) TheGeneral Rules of this Subclause are
appliedwith a static SQL argument list
whose first element is the value
returned by the invocation of MAT()
and whose second element is ERDI as
STATIC SQL ARG LIST and TSF as SUB-
JECT ROUTINE; let V be the VALUE
returned from the application of those
General Rules.
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NOTE 406— The V returned is not used.

2) The General Rules of this Subclause are
applied with ERDI as STATIC SQL ARG LIST
and TSF as SUBJECT ROUTINE; let V be the
VALUE returned fromtheapplicationof those
General Rules.

NOTE 407— The V returned is not used.

iii) Let RDI be the result of invocation of TSF.

b) 14Otherwise, let RDI be ERDI.

ii) If R specified a <result cast>, then let RT be the <returns data type> of R and let RV be
the result of:

CAST ( RDI AS RT )

Otherwise, let RV be RDI.

j) If R is an SQL-invoked procedure, then for each Pi, 1 (one) ≤ i ≤ PN, that is an output SQL
parameter or both an input SQL parameter and an output SQL parameter,

Case:

i) If R specifies PARAMETER STYLE SQL and entry (PN+i) in ESPL (that is, the i-th SQL
indicator argument corresponding toCPVi) is negative, thenCPVi is set to thenull value.

ii) 13 If R specifies PARAMETER STYLE SQL, and entry (PN+i) in ESPL (that is, the i-th SQL
indicator argument corresponding toCPVi) is not negative, and a valuewasnot assigned
to the i-th entry in ESPL, then CPVi is set to an implementation-defined (ID111) value
of type Ti.

iii) Otherwise:
NOTE 408— In this case, either R specifies PARAMETER STYLE SQL and entry (PN+i) in ESPL (that
is, the i-th SQL indicator argument corresponding to CPVi) is not negative and a value was assigned
to the i-th entry in ESPL, or else R specifies PARAMETER STYLE GENERAL.

1) Let EVi be the i-th entry in ESPL. Let Ti be the declared type of Pi.

2) Case:

A) If Pi is a locator parameter, then

Case:

I) If ERDI is an invalid locator, then an exception condition is raised:
locator exception— invalid specification (0F001), evaluation of GR 9)
is terminated immediately, and evaluation continues with GR 12).

II) If Ti is a binary large object type, then CPVi is set to the binary large
object value corresponding to EVi.

III) IfTi is a character large object type, then CPVi is set to the large object
character string corresponding to EVi.

IV) IfTi is an array type, thenCPVi is set to the array value corresponding
to EVi.
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V) If Ti is a multiset type, then CPVi is set to the multiset value corres-
ponding to EVi.

VI) If Ti is a user-defined type, then CPVi is set to the user-defined type
value corresponding to EVi.

B) If Ti is a user-defined type, then:

I) Let TSFi be the SQL-invoked function identified by the specific name
of the to-sql function associated with Pi in the routine descriptor of
R.

II) Case:

1) IfTSFi is an SQL-invokedmethod, then theGeneral Rules of this
Subclause are applied with a static SQL argument list whose
first element is the value returned by the invocation of Ti()
and whose second element is EVi as STATIC SQL ARG LIST and
TSFi as SUBJECT ROUTINE; let V be the VALUE returned from
the application of those General Rules.

NOTE 409— The V returned is not used.

2) Otherwise, theGeneral Rules of this Subclause are appliedwith
EVi as STATIC SQL ARG LIST and TSFi as SUBJECT ROUTINE; let
V be the VALUE returned from the application of those General
Rules.

NOTE 410— The V returned is not used.

III) CPVi is set to the result of an invocation of TSFi.

C) 14Otherwise, CPVi is set to EVi.

10) Case:

a) If R is an SQL-invoked function, then:

i) If R is a type-preserving function, then:

1) LetMAT be the most specific type of the value of the argument substituted for
the result SQL parameter of R.

2) If RV is not the null value and the most specific type of RV is not compatible with
MAT, then an exception condition is raised: data exception—most specific type
mismatch (2200G).

ii) Let ERDT be the effective returns data type of the <routine invocation>.

iii) 14TheGeneral Rules of Subclause 9.2, “Store assignment”, are appliedwithRV asVALUE
and a temporary site STwhose declared type is ERDT as TARGET. Let RES, the result
of the <routine invocation>, be the value of ST.

b) Otherwise, let RES be the null value, and, for each SQL parameter Pi of R that is an output SQL
parameter orboth an input SQLparameter andanoutput SQLparameterwhose corresponding
<SQL argument>Ai is not explicitly or implicitly a <default specification>, letTSibe the <target
specification> of Ai.

Case:
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i) If TSi is a <host parameter specification> or an <embedded variable specification>,
then the General Rules of Subclause 9.1, “Retrieval assignment”, are applied with TSi
as TARGET and CPVi as VALUE.

ii) 04 If TSi is an <SQL parameter reference>, a <column reference>, or a <target array
element specification>, then

NOTE 411— The <column reference> can only be a new transition variable column reference.

Case:

1) If <target array element specification> is specified, then

Case:

A) If the value of TSi is the null value, then an exception condition is raised:
data exception— null value in array target (2200E).

B) Otherwise:

I) Let N be the maximum cardinality of TSi.

II) LetM be the cardinality of the value of TSi.

III) Let I be the value of the <simple value specification> immediately
contained in TSi.

IV) Let EDT be the element type of TSi.

V) Case:

1) If I is greater than zero and less than or equal toM, then the
value of TSi is replaced by an array Awith element type EDT
and cardinalityM derived as follows:

a) For j varying from 1 (one) to I−1 and from I+1 toM, the
j-th element in A is the value of the j-th element in TSi.

b) 14TheGeneral Rules of Subclause9.2, “Store assignment”,
are applied with the I-th element of A as TARGET and the
value of CPVi as VALUE.

2) If I is greater thanM and less than or equal toN, then the value
of TSi is replaced by an array Awith element type EDT and
cardinality I derived as follows:

a) For j varying from 1 (one) toM, the j-th element in A is
the value of the j-th element in TSi.

b) For j varying fromM+1 to I, the j-th element in A is the
null value.

c) 14TheGeneral Rules of Subclause9.2, “Store assignment”,
are applied with the I-th element of A as TARGET and the
value of CPVi as VALUE.

3) Otherwise, an exception condition is raised: data exception—
array element error (2202E).

2) Otherwise:
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A) Let PTEMP be the null value.

B) 14The General Rules of Subclause 9.2, “Store assignment”, are applied with
TSi as TARGET and CPVi as VALUE.

11) If RSS is not empty, then let PR be the descriptor of SIP.

a) LetMAX be the maximum number of returned result sets included in PR.

b) 13 Let OPN be the actual number of returned result sets included in RSS.

c) Case:

i) If OPN is greater thanMAX, then:

1) Let RTN beMAX.

2) A completion condition is raised:warning— attempt to return too many result
sets (0100E).

ii) Otherwise, let RTN be OPN.

d) 13 For each i, 1 (one) ≤ i ≤ RTN, let FRCi be the with-return cursor of the i-th returned result
set RSi in RSS.

e) For each i, 1 (one) ≤ i ≤ RTN,

Case:

i) If FRCi is a scrollable cursor, then the initial cursor position of RSi is the current cursor
position of FRCi.

ii) Otherwise,

Case:

1) If FRCi is positioned before some row in RSi, then let RN be the number of rows
ordered before that row in RSi.

2) If FRCi is positioned on some row in RSi, then let RN be the ordinal position of
that row in RSi.

3) Otherwise, let RN be the number of rows in RSi.

The first RN rows are deleted from RSi and the initial cursor position of RSi is before
the first row of the rows that remain.

f) 13A completion condition is raised:warning— result sets returned (0100C).

12) If R is an SQL routine, then for every open cursor CR that was opened during the execution of R and
that is either a declared cursor or a local extended dynamic cursor, General Rules of Subclause 15.4,
“Effect of closing a cursor”, are applied with CR as CURSOR and SAVE as DISPOSITION.

13) IfR is an external routine, then it is implementation-defined (IA067)whether, for every open cursor
CR thatwas openedduring the execution ofR and that is either a declared cursor or a local extended
dynamic cursor:

a) TheGeneral Rules of Subclause15.4, “Effect of closing a cursor”, are appliedwithCR asCURSOR
and SAVE as DISPOSITION.

b) The cursor instance descriptor of CR is destroyed.
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14) 13Prepare CSC to become the current SQL-session context:

a) Set the value of the current constraint mode for each integrity constraint in CSC to the value
of the current constraint mode for each integrity constraint in RSC.

b) The value of the current transaction access mode in CSC is set to the value of the current
transaction access mode in RSC.

c) The value of the current transaction isolation level in CSC is set to the value of the current
transaction isolation level in RSC.

d) The set of values of all valid locators in CSC is replaced by the set of values of all valid locators
in RSC.

e) The value of the subject table restriction flag and the restricted subject table name list of CSC
are set to the value of the subject table restriction flag and the restricted subject table name
list of RSC.

f) Set the value of the current condition area limit in CSC to the value of the current condition
area limit CAL in RSC.

g) If R is an SQL-invoked function or if CSC indicates that a triggered action is executing, then
the value of the statement timestamp in CSC is set to the value of the statement timestamp in
RSC.

h) For each occupied condition area CA in the first diagnostics area of RSC, if the value of
RETURNED_SQLSTATE in CA does not represent successful completion (00000), then

Case:

i) If the number of occupied condition areas in the first diagnostics area DA1 in CSC is
less than CAL, then CA is copied to the first vacant condition area in DA1.

NOTE 412— This causes the first vacant condition area in DA1 to become occupied.

ii) Otherwise, the value of MORE in the statement information area of DA1 is set to 'Y'.

i) The identities of all instances of global temporary tables in CSC are replacedwith the identities
of the instances of global temporary tables in RSC.

j) The top cell is removed from the authorization stack ofRSC and the authorization stack of CSC
is set to a copy of the authorization stack of RSC.

NOTE 413—The copying of RSC’s authorization stack into CSC is necessary in order to carry back any change
in the SQL-session user identifier.

k) If the subject routine is an SQL-invoked procedure, then the result set sequence RSS is added
to CSC.

NOTE 414— RSS is now available for reference by an <allocate received cursor statement>.

NOTE 415— All other items in CSC retain the values they had before the creation of RSC.

15) If R is an SQL-invoked function or if R is an SQL-invoked procedure and the descriptor of R includes
an indication that a new savepoint level is to be established when R is invoked, then the current
savepoint level is destroyed.

16) CSC becomes the current SQL-session context.

17) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause,
which receives RES as VALUE.
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Conformance Rules

None.
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9.19 Processing a method invocation

Function

Process a <method invocation>.

Subclause Signature

“Processing a method invocation” [Syntax Rules] (
  Parameter: “METHOD INVOCATION”
) Returns: “ROUTINE INVOCATION”, “GENERALIZED OR CONSTRUCTOR”, and “SQLPATH”

METHOD INVOCATION— a <method invocation>.

ROUTINE INVOCATION— a <routine invocation> that is derived fromMETHOD INVOCATION and
its arguments.

GENERALIZED OR CONSTRUCTOR— 'M' or 'C', identifying whether the METHOD INVOCATION is a
generalized <method invocation> or a constructor <method invocation>.

SQLPATH—anSQL-path that includes the<schemaname>of the schema that contains thedescriptor
of the user-defined type of the <value expression primary> that is contained in the METHOD
INVOCATION.

Syntax Rules

1) Let OR be theMETHOD INVOCATION in an application of the Syntax Rules of this Subclause. The
result of the application of this Subclause is returned as ROUTINE INVOCATION, GENERALIZED OR
CONSTRUCTOR, and SQLPATH.

2) Let DIGI be the <direct invocation> or <generalized invocation> immediately contained in OR, let
VEP be the <value expression primary> immediately contained in DIGI, and letMN be the <method
name> immediately contained in DIGI.

3) 13The declared type of VEP shall be a user-defined type. Let UDT be that user-defined type.

4) Case:

a) If OR contains an <SQL argument list> ORAL, then let n be the number of <SQL argument>s
immediately contained in ORAL and let AL be:

, A1, ..., An

where Ai, 1 (one) ≤ i ≤ n, are the <SQL argument>s immediately contained in ORAL, taken in
order of their ordinal position in ORAL.

b) Otherwise, let AL be the zero-length character string.

5) Case:

a) If OR is immediately contained in <new invocation>, then let TP be an SQL-path containing
the <schema name> of the schema that includes the descriptor of UDT.

b) Otherwise, let TP be an SQL-path, arbitrarily defined, containing the <schema name> of every
schema that includes a descriptor of a supertype or subtype of UDT.

6) Case:
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If OR immediately contains <generalized invocation>, then let DT be the <data type> simply
contained in the <generalized invocation>, let GENORCONS be 'M', and let RI be:

MN (VEP AS DT AL)

a)

b) Otherwise:

i) Let RI be:

MN ( VEP AL )

ii) Case:

1) If OR is immediately contained in <new invocation>, then let GENORCONS be 'C'.

2) Otherwise, let GENORCONS be 'M'

7) Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause,
which receives RI as ROUTINE INVOCATION, GENORCONS as GENERALIZED OR CONSTRUCTOR, and
TP as SQLPATH.

Access Rules

None.

General Rules

None.

Conformance Rules

None.
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9.20 Transformation of query specifications
This Subclause is modified by Subclause 8.5, “Transformation of query specifications”, in ISO/IEC 9075-4.

Function

Transform <query specification>s to a normalized form before further processing.

Subclause Signature

“Transformation of query specifications” [Syntax Rules] (
  Parameter: “QUERY SPEC IN”
) Returns: “QUERY SPEC OUT”

QUERY SPEC IN— a <query specification> that defines a grouped, windowed query.

QUERY SPEC OUT— a normalized <query specification> that is the result of invoking this subclause
using this signature.

Syntax Rules

1) Let GWQ be the QUERY SPEC IN in an application of the Syntax Rules of this Subclause. The result
of the application of this Subclause is returned as QUERY SPEC OUT.

2) GWQ shall be a grouped, windowed query.

3) If GWQ contains an <in-line window specification>, then:

a) Let NWF be the number of <window function>s simply contained in GWQ.

b) For each <window function>WFi, 0 (zero) ≤ i ≤ NWF, simply contained in GWQ, the Syntax
Rules of Subclause 9.23, “Evaluation and transformation of <window function>”, are applied
withWFi asWINFUNC and GWQ as QUERY SPEC IN; let GWQ be the TRANSFORM returned
from the application of those Syntax Rules.

4) If the <select list> of GWQ immediately contains <asterisk> or simply contains <qualified asterisk>,
then SyntaxRules of this Subclause are appliedwithGWQ asQUERYSPEC IN; letGWQ2be theQUERY
SPEC OUT returned from the application of those Syntax Rules; otherwise, let GWQ2 be GWQ.

5) Let SL, FC,WC, GBC, HC, andWIC be the <select list>, <from clause>, <where clause>, <group by
clause>, <having clause>, and <window clause>, respectively, of GWQ2. If any of <where clause>,
<group by clause>, or <having clause>, are missing, then letWC, GBC, and HC, respectively, be the
zero-length character string. Let SQ be the <set quantifier> immediately contained in the <query
specification> of GWQ2, if any; otherwise, let SQ be the zero-length character string.

NOTE416—GWQ2 cannot lack a<windowclause>, since the syntactic transformationof Subclause9.23, “Evaluation
and transformation of <window function>”, will create one if there is not one in GWQ already.

6) Let N1 be the number of <set function specification>s simply contained in GWQ2.

7) Let SFSi, 1 (one) ≤ i ≤ N1, be an enumeration of the <set function specification>s simply contained
in GWQ2.

8) Let SFSIi, 1 (one) ≤ i ≤ N1, be a list of <identifier>s that are distinct from each other and distinct
from all <identifier>s contained in GWQ2.

9) If N1 = 0 (zero), then let SFSL be the zero-length character string; otherwise, let SFSL be:
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SFS1 AS SFSI1,
SFS2 AS SFSI2,
...,
SFSN1 AS SFSIN1

10) Let HCNEW be obtained from HC by replacing each <set function specification> SFSi by the corres-
ponding <identifier> SFSIi .

11) Let N2 be the number of <column reference>s that are not outer references and are contained in
SL orWICwithout an intervening <query expression> or <set function specification>.

12) LetCRj, 1 (one)≤ j≤N2, be an enumerationof the <column reference>s that are not outer references
andare contained in SLorWICwithout an intervening<query expression>or<set function specific-
ation>.

13) Let CRIj, 1 (one) ≤ j ≤ N2, be a list of <identifier>s that are distinct from each other, distinct from all
identifiers in GWQ2, and distinct from all SFSIi.

14) If N2 = 0 (zero), then let CRL be the zero-length character string; otherwise, let CRL be:

CR1 AS CRI1, CR2 AS CRI2, ..., CRN2 AS CRIN2

15) LetN3 be the number of <derived column>s simply contained in SL that do not specify <as clause>.

16) Let DCOLk, 1 (one) ≤ k ≤ N3, be the <derived column>s simply contained in SL that do not specify
an <as clause>. For each k, let COLNk be the <column name> determined as follows.

Case:

a) If DCOLk is a single column reference, then COLNk is the <column name> of the column desig-
nated by the column reference.

b) 04 If DCOLk is a single SQL parameter reference, then COLNk is the <SQL parameter name> of
the SQL parameter designated by the SQL parameter reference.

c) Otherwise, COLNk is an implementation-dependent (UV122) <column name>.

17) Let SL2 be obtained from SL by replacing each <derived column> DCOLk by

DCOLk AS COLNk

18) Let GWQN be an arbitrary <identifier>.

19) Let SLNEW be the <select list> obtained from SL2 by replacing each simply contained <set function
specification> SFSi by GWQN.SFSIi and replacing each <column reference> CRj by GWQN.CRIj.

20) LetWICNEW be the <window clause> obtained fromWIC by replacing each <set function specifica-
tion> SFSi by GWQN.SFSIi and by replacing each <column reference> CRj by GWQN.CRIj.

21) If either SFSLorCRL is the zero-length character string, then letCOMMAbe the zero-length character
string; otherwise, let COMMA be “,” (a <comma>).

22) GWQ is equivalent to the following <query specification>:

SELECT SLNEW
FROM ( SELECT SQ SFSL COMMA CRL

FC
WC
GBC
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HC ) AS GWQN
WICNEW

23) Let XFORM be GWQ.

24) Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause,
which receives XFORM as QUERY SPEC OUT.

Access Rules

None.

General Rules

None.

Conformance Rules

None.
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9.21 Execution of array-returning external functions
This Subclause is modified by Subclause 8.2, “Execution of array-returning functions”, in ISO/IEC 9075-13.

Function

Define the execution of an external function that returns an array value.

Subclause Signature

“Execution of array-returning external functions” [General Rules] (
  Parameter: “ARRAY”, 
  Parameter: “EFFECTIVE SQL PARAMETER LIST”, 
  Parameter: “PROGRAM”
)

ARRAY— a site with a declared type that is an array type.

EFFECTIVE SQL PARAMETER LIST— a list of values to be supplied as parameters for execution of
the external routine identified by PROGRAM.

PROGRAM— an external routine that returns an array value.

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let AR be the ARRAY, let ESPL be the EFFECTIVE SQL PARAMETER LIST, and let P be the PROGRAM
in an application of the General Rules of this Subclause.

2) Let ARC be the cardinality of AR.

3) Let EN be the number of entries in ESPL.

4) Let ESPi, 1 (one) ≤ i ≤ EN, be the i-th parameter in ESPL.

5) Let FRN be the number of result data items.
NOTE 417— The number of result data items is defined in Subclause 9.18, “Invoking an SQL-invoked routine”.

6) 13 Let PN and N be the number of values in the static SQL argument list of P.

7) 13P has a list of EN parameters PDiwhose host language data types are determined as follows:

a) Depending on whether the language of P specifies ADA, C, COBOL, FORTRAN, M, PASCAL, or
PLI, let the operative data type correspondences tablebeTable 21, “Data type correspondences
for Ada”, Table 22, “Data type correspondences for C”, Table 23, “Data type correspondences
for COBOL”, Table 24, “Data type correspondences for Fortran”, Table 25, “Data type corres-
pondences for M”, Table 26, “Data type correspondences for Pascal”, or Table 27, “Data type
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correspondences for PL/I”, respectively. Refer to the two columns of the operative data type
correspondences table as the SQL data type column and the host data type column.

b) For i varying from 1 (one) to EN, let PTi be the <data type> of ESPi, and let the host language
data type DTi of PDi be the data type listed in the host data type column of the row in the
operative data type correspondences table whose value in the SQL data type column is PTi.

8) Let E be 0 (zero).

9) 13 If the call type data item has a value of −1 (negative one, indicating open call), then:
NOTE 418—The call type data item is defined and initialized in Subclause 9.18, “Invoking an SQL-invoked routine”.

a) For i varying from 1 (one) through EN, the values of the parameters PDi are set as follows.
General Rules of Subclause 9.4, “Passing a value from the SQL-server to a host language”, are
applied with the language of P as LANGUAGE, PTi as SQL TYPE, and ESPi as SQL VALUE; let PDi
be the HOST VALUE returned from the application of those General Rules.

b) P is executed.

c) For i varying from 1 (one) through EN, General Rules of Subclause 9.3, “Passing a value from
a host language to the SQL-server”, are applied with the language of P as LANGUAGE, PTi as
SQL TYPE, and the value of PDi as HOST VALUE; let ESPi be the SQL VALUE returned from the
application of those General Rules.

10) 13Case:

a) 13 If the value of the exceptiondata item is '00000' (corresponding to the completion condition
successful completion (00000)), then set the call type data item to 0 (zero) (indicating fetch
call).

NOTE 419— The exception data item is defined in Subclause 9.18, “Invoking an SQL-invoked routine”.

b) 13 If the first two characters of the value of the exception data item are '01' (corresponding to
the completion conditionwarning (01000)with any subcondition), then set the call type data
item to 0 (zero) (indicating fetch call).

c) 13 If the exception data item is '02000' (corresponding to the completion condition no data
(02000)):

i) If each PDi, for i ranging from (PN+FRN)+N+1 through (PN+FRN)+N+FRN (that is, the
SQL indicator arguments corresponding to the result data items), is negative, then set
AR to the null value.

ii) Set the call type data item to 1 (one) (indicating close call).

d) 13Otherwise, set the call type data item to 1 (one) (indicating close call).

11) The following steps are applied as long as the call typedata itemhas a value0 (zero) (corresponding
to fetch call):

a) 13The values in the list of EN parameters PDi are set as follows:

i) For i ranging from1 (one) to EN−2, the General Rules of Subclause 9.4, “Passing a value
from the SQL-server to a host language”, are applied with the language of P as LAN-
GUAGE, PTi as SQL TYPE, and ESPi as SQL VALUE; let PDi be the HOST VALUE returned
from the application of those General Rules.

ii) For the save area data item, for i equal to EN−1, the value of PDi is set to the value
returned in PDi by the prior execution of P.
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iii) For the call type data item, for i equal to EN, the value of PDi is set to 0 (zero).

b) P is executed.

c) For i varying from 1 (one) through EN, the General Rules of Subclause 9.3, “Passing a value
from a host language to the SQL-server”, are appliedwith the language of P as LANGUAGE, PTi
as SQL TYPE, and the value of PDi as HOST VALUE; let ESPi be the SQL VALUE returned from
the application of those General Rules.

d) 13Case:

i) 13 If the exceptiondata item is '00000' (corresponding to completion condition successful
completion (00000)) or the first two characters of the exception data item are '01'
(corresponding to completion conditionwarning (01000)with any subcondition), then:

1) Increment E by 1 (one).

2) If E > ARC, then an exception condition is raised: data exception— array element
error (2202E).

3) Case:

A) 13 If each PDi, for i ranging from (PN+FRN)+N+1 through (PN+FRN)+N+FRN
(that is, the SQL indicator arguments corresponding to the result data items)
is negative, then let the E-th element of AR be the null value.

B) Otherwise,

Case:

I) 13 If FRN is 1 (one), then let the E-th element of AR be the value of the
result data item.

II) Otherwise:

1) Let RDIi, 1 (one) ≤ i ≤ FRN, be the value of the i-th result data
item.

2) Let the E-th element of AR be the value of the following <row
value expression>:

ROW ( RDI1, ..., RDIFRN )

ii) 13 If the exception data item is '02000' (corresponding to completion condition no data
(02000)), then:

1) If the value of E is 0 (zero), then set AR to an array whose cardinality is 0 (zero).

2) Set the call type data item to 1 (one) (indicating close call).

iii) Otherwise, set the value of the call type data item to 1 (one) (indicating close call).

12) 13 If the call type data item has a value of 1 (one) (indicating close call), then P is executed with a list
of EN parameters PDiwhose values are set as follows:

a) For i ranging from 1 (one) to EN−2, the General Rules of Subclause 9.4, “Passing a value from
the SQL-server to a host language”, are applied with the language of P as LANGUAGE, PTi as
SQL TYPE, and the value of ESPi as SQL VALUE; let PDi be the HOST VALUE returned from the
application of those General Rules.
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b) For the save area data item, for i equal to EN−1, the value of PDi is set to the value returned
in PDi by the prior execution of P.

c) For the call type data item, for i equal to EN, the value of PDi is set to 1 (one).

d) P is executed.
NOTE420—Anyoutput arguments from the close call are ignored. The resultARof this Subclausehas already
been computed.

13) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.

Conformance Rules

None.
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9.22 Execution of multiset-returning external functions

Function

Define the execution of an external function that returns a multiset value.

Subclause Signature

“Execution of multiset-returning external functions” [General Rules] (
  Parameter: “MULTISET”, 
  Parameter: “EFFECTIVE SQL PARAMETER LIST”, 
  Parameter: “PROGRAM”
)

MULTISET— a site with a declared type that is a multiset type.

EFFECTIVE SQL PARAMETER LIST— a list of values to be supplied as parameters for execution of
the external routine identified by PROGRAM.

PROGRAM— an external routine that returns a multiset value.

Syntax Rules

None.

Access Rules

None.

General Rules

1) LetMUbe theMULTISET, letESPLbe theEFFECTIVESQLPARAMETERLIST, and letPbe thePROGRAM
in an application of the General Rules of this Subclause.

2) Let ET be the element type ofMU.

3) Let C be themaximum implementation-defined (IL008) cardinality of array typewith element type
ET.

4) Let AT be the array type ET ARRAY[C].

5) Let AR be an array whose declared type is AT.

6) The General Rules of Subclause 9.21, “Execution of array-returning external functions”, are applied
with AR as ARRAY, ESPL as EFFECTIVE SQL PARAMETER LIST, and P as PROGRAM.

7) LetMU be the result of casting AR to the multiset type ofMU according to the General Rules of
Subclause 6.13, “<cast specification>”.

8) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.

Conformance Rules

None.
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9.23 Evaluation and transformation of <window function>

Function

Apply syntactic restrictions to <window function>s and transform the <query specification>s in which
they occur.

Subclause Signature

“Evaluation and transformation of <window function>” [Syntax Rules] (
  Parameter: “WINFUNC”, 
  Parameter: “QUERY SPEC IN”
) Returns: “TRANSFORM”

WINFUNC— a <window function>.

QUERY SPEC IN— a <query specification> that contains WINFUNC.

TRANSFORM— a transformed <query specification> that is the result of invoking this subclause
using this signature.

Syntax Rules

1) Let OF be theWINFUNC and let QSS be the QUERY SPEC IN in an application of the Syntax Rules of
this Subclause. The result of the application of this Subclause is returned as TRANSFORM.

2) LetTE be the <table expression>, SQ be the <set quantifier>, and SL be the <select list> immediately
contained in QSS. If there is no <set quantifier>, then let SQ be the zero-length character string.

3) OF shall not contain an outer reference or a <query expression>.

4) LetWNS be the <window name or specification>. LetWDX be a window structure descriptor that
describes the window defined byWNS.

5) If <ntile function>, <lead or lag function>, <rank function type> orROW_NUMBER is specified, then:

a) If <ntile function>, <leador lag function>, or <rank function type> is specified, then thewindow
ordering clauseWOC ofWDX shall be present.

b) The window framing clause ofWDX shall not be present.

c) Case:

i) IfWNS is a <window name>, then letWNS1 beWNS.

ii) Otherwise, letWNS1 be the <window specification details> contained inWNS.

d) RANK() OVER WNS is equivalent to:

 ( COUNT(*) OVER
   (WNS1 GROUPS BETWEEN UNBOUNDED PRECEDING

AND 1 PRECEDING) + 1 )

e) If DENSE_RANK is specified, then:

i) Let VE1, ..., VEN be an enumeration of the <value expression>s that are <sort key>s
simply contained inWOC.
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ii) DENSE_RANK() OVER WNS is equivalent to the <window function>:

COUNT (DISTINCT ROW ( VE1, ..., VEN ) )
OVER (WNS1 GROUPS UNBOUNDED PRECEDING)

f) ROW_NUMBER() OVER WNS is equivalent to the <window function>:

COUNT (*) OVER (WNS1 ROWS UNBOUNDED PRECEDING)

g) Let ANT1 be an approximate numeric type with implementation-defined (IV082) precision.
PERCENT_RANK( ) OVER WNS is equivalent to:

CASE
WHEN COUNT(*) OVER (WNS1 GROUPS BETWEEN UNBOUNDED PRECEDING

AND UNBOUNDED FOLLOWING) = 1
THEN CAST (0 AS ANT1)
ELSE

       (CAST (RANK () OVER (WNS1) AS ANT1) - 1) /
       (COUNT (*) OVER (WNS1 GROUPS BETWEEN UNBOUNDED PRECEDING

AND UNBOUNDED FOLLOWING) - 1)
END

h) Let ANT2 be an approximate numeric type with implementation-defined (IV083) precision.
CUME_DIST( ) OVER WNS is equivalent to:

 ( CAST ( COUNT (*) OVER
      ( WNS1 GROUPS UNBOUNDED PRECEDING ) AS ANT2 ) /

COUNT(*) OVER ( WNS1 GROUPS BETWEEN UNBOUNDED PRECEDING
AND UNBOUNDED FOLLOWING ) )

i) If <ntile function> is specified, then:

i) The declared type of <number of tiles> shall be exact numeric with scale 0 (zero).

ii) The declared type of the result is an implementation-defined (IV084) exact numeric
type with scale 0 (zero).

j) If <lead or lag function> is specified, then:

i) Let VE1 be <lead or lag extent> and let DT be the declared type of VE1.

ii) Case:

1) If <offset> is specified, then let OFF be <offset>.

2) Otherwise, let OFF be 1 (one).

iii) Case:

1) If <default expression> is specified, then let VE2 be <default expression>. The
declared type of VE2 shall be compatible with DT.

2) Otherwise, let VE2 be CAST (NULL AS DT).

iv) If <window function null treatment> is specified, then let NTREAT be the <window
function null treatment>; otherwise, let NTREAT be RESPECT NULLS.

v) The declared type of the result is DT.

6) If <first or last value function> or <nth value function> is specified, then:

a) If <nth value function> is specified, then:

i) If <from first or last> is not specified, then FROM FIRST is implicit.
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ii) The declared type of <nth row> shall be exact numeric with scale 0 (zero).

b) If <window function null treatment> is not specified, then RESPECT NULLS is implicit.

c) Let DT be the declared type of <value expression>. The declared type of the result is DT.

7) If <in-line window specification> is specified, then:

a) LetWS be the <window specification>.

b) LetWSN be an implementation-dependent (UV071) <window name> that is not equivalent
to any other <window name> in TE.

c) Let OFT be the <window function type>.

d) Let SLNEW be the <select list> that is obtained from SL by replacing OF by:

OFT OVER WSN

e) Let FC,WC, GBC, and HC be <from clause>, <where clause>, <group by clause>, and <having
clause>, respectively, of TE. If any of <where clause>, <group by clause>, or <having clause>
is missing, then letWC, GBC, or HC, respectively, be the zero-length character string.

f) Case:

i) If there is no <window clause> immediately contained in TE, then letWICNEW be:

WINDOW WSN AS WS

ii) Otherwise, letWIC be the <window clause> immediately contained in TE and let
WICNEW be:

WIC, WSN AS WS

g) Let TENEW be:

FC WC GBC HC WICNEW

h) QSX is equivalent to:

SELECT SQ SLNEW TENEW

8) If <window function type> is <aggregate function>, then:

a) Let AF be the <aggregate function>.

b) The declared type of <window function> is the declared type of AF.

c) AF shall not simply contain a <hypothetical set function>.

d) If thewindowordering clauseor thewindow framing clauseof thewindowstructuredescriptor
that describes the <window name or specification> is present, then:

i) AF shall not be an <ordered set function> or a <listagg set function>.

ii) IfAF is not a <general set function> that simply contains the <computational operation>
COUNT, then AF shall not simply contain DISTINCT.

9) A <measure name> that is a <window row pattern measure> shall be equivalent to the <measure
name> contained in a <row pattern measure definition> RPMC in the <row pattern measures> of
WDX. The declared type of the <window function> is the declared type of the <value expression>
contained in RPMC.
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10) Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause,
which receives QSX as TRANSFORM.

Access Rules

None.

General Rules

None.

Conformance Rules

None.
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9.24 Compilation of an invocation of a polymorphic table function

Function

Define the compilation of function invocations of polymorphic table functions.

Subclause Signature

“Compilation of an invocation of a polymorphic table function” [General Rules] (
  Parameter: “ROUTINE INVOCATION”, 
  Parameter: “POLYMORPHIC TABLE FUNCTION”, 
  Parameter: “ARGUMENT LIST”
) Returns: “PTF DATA AREA”

ROUTINE INVOCATION— a <routine invocation> that causes the invocation of a polymorphic table
function.

POLYMORPHIC TABLE FUNCTION— a polymorphic table function.

ARGUMENT LIST— an <SQL argument list>.

PTF DATA AREA— a PTF data area that is populated by and returned from an invocation of this
subclause using this signature.

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let RI be the ROUTINE INVOCATION, let SR be the POLYMORPHIC TABLE FUNCTION, and let CAL be
the ARGUMENT LIST in an application of the General Rules of this Subclause. The result of the
application of this Subclause is returned as PTF DATA AREA.

2) The PTF data area PTFDA is initialized as follows:

a) For each private parameter PP of SR, PTFDA includes an SQL variable PVwhose declared type
is the declared type of PP, with a distinct implementation-dependent (UV131) <SQL variable
name>. PV is the private variable of PTFDA corresponding to PP. The initial value of PV is

Case:

i) If PP has a <parameter default> PD, then the value of PD.
NOTE421—As stated in a Syntax Rule of Subclause 11.60, “<SQL-invoked routine>”, the <parameter
default> must be deterministic and evaluable without accessing SQL-data.

ii) Otherwise, the null value.

b) For each generic table parameter GTA of SR:

i) Let NC be the number of columns of GTA.
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ii) The PTF descriptor FRTDA of the full row type of GTA, with a distinct implementation-
dependent (UV131) PTF extended name FRTDN, is initialized as follows:

1) The maximum number of SQL item descriptor areas is NC.

2) Let GTATN be an effective name for the table identified by GTA. Let SN be a
<statement name>distinct fromanyother <statement name> in the SQL-session.

3) The following <prepare statement> is executed:

PREPARE SN FROM 'SELECT * FROM GTATN'

4) The following <describe statement> is executed:

DESCRIBE SN USING DESCRIPTOR PTF FRTDN

iii) If GTA has set semantics, then:

1) The PTFdescriptor areaPDA of the partitioning ofGTA, with a distinct implemen-
tation-dependent (UV131) PTF extended name, initialized as follows:

A) Let NPC be the number of partitioning columns of GTA.

B) The COUNT and TOP_LEVEL_COUNT components of the header of PDA are
set to NPC.

C) The number and maximum number of SQL item descriptors of PDA is NPC.

D) For i between 1 (one) and NPC, the NAME component of the i-th SQL item
descriptor area is the <column name> of the i-th partitioning column of
GTA, and the LEVEL component is 0 (zero).

E) All other components of the header and SQL item descriptors of PDA are
undefined.

2) The PTF descriptor area ODA of the ordering of GTA, with a distinct implemen-
tation-dependent (UV131) PTF extended name, is initialized as follows:

A) Let NOC be the number of ordering columns of GTA.

B) The COUNT and TOP_LEVEL_COUNT components of the header of ODA are
set to NOC.

C) The number and maximum number of SQL item descriptors of ODA are set
to NOC.

D) For i ranging from 1 (one) to NOC:

I) TheLEVEL component of the i-th SQL itemdescriptor area is 0 (zero).

II) The NAME component of the i-th SQL item descriptor area is the
<column name> of the i-th ordering column of GTA.

III) The SORT_DIRECTION component of the i-th SQL item descriptor
area is

Case:

1) If the explicit or implicit <ordering specification> contained in
the i-th <table argument ordering column> isASC, then1 (one).

2) Otherwise, −1 (negative one).
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IV) The NULL_ORDERING component of the i-th SQL item descriptor
area is

Case:

1) If the explicit or implicit <null ordering> contained in the i-th
<table argument ordering column> is NULLS FIRST, then 1
(one).

2) Otherwise, −1 (negative one).

E) All other components of the header and SQL item descriptors of ODA are
undefined.

iv) The PTF descriptor area for the requested row type of GTA, with a distinct implemen-
tation-dependent (UV131) PTF extended name, is initialized as follows:

1) The COUNT and TOP_LEVEL_COUNT components in the header are 0 (zero). All
other components of the header are undefined.

2) There are no SQL item descriptor areas.

3) The maximum number of SQL item descriptor areas is NC.

v) ThePTFdescriptor area for the cursor row typeofGTA, with adistinct implementation-
dependent (UV131) PTF extended name, is initialized as follows:

1) The COUNT and TOP_LEVEL_COUNT components in the header are 0 (zero). All
other components of the header are undefined.

2) There are no SQL item descriptor areas.

3) The maximum number of SQL item descriptor areas is

Case:

A) If GTA specifies PASS THROUGH, then NC + 1 (one).

B) Otherwise, NC.

vi) The PTF cursor cursor for GTA is not specified.
NOTE 422— The PTF cursor is not used during the compilation phase.

c) For each <descriptor value constructor> DVC that is an <SQL argument> in CAL, a PTF
descriptor area specified by DVC, with a distinct implementation-dependent (UV131) PTF
extended name.

d) The PTF descriptor area IRR for the initial result row type, with a distinct implementation-
dependent (UV131) PTF extended name, initialized as follows.

Case:

i) If the <returns data type> of SR contains a <table function column list> TFCL, then:

1) Let NTFCL be the number of <table function column list element>s contained in
TFCL. The TOP_LEVEL_COUNT component in the header of IRR is set to NTFCL.

2) SQL item descriptor areas are appended to IRR as follows. For all c, 1 (one) ≤ c ≤
NTFCL:

A) Let CD be the c-th <table function column list element>.
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B) Sufficient SQL item descriptors areas are appended to IRR to represent the
<data type> contained inCD, as defined in the SyntaxRules of Subclause20.1,
“Description of SQL descriptor areas”.

C) The NAME component of the first of these appended SQL item descriptor
areas is the <column name> contained in CD.

3) The COUNT component of TFCL is the numberNIRR of SQL item descriptor areas
in IRR.

4) The maximum number of SQL item descriptor areas of IRR is NIRR.

ii) Otherwise:

1) The COUNT and TOP_LEVEL_COUNT components in the header are 0 (zero). All
other components of the header are undefined.

2) There are no SQL item descriptor areas.

3) Themaximumnumberof SQLdescriptor items is implementation-defined(IL056).

e) The PTF descriptor area for the intermediate result row type, with a distinct implementation-
dependent (UV131) PTF extended name, initialized as follows:

i) The COUNT and TOP_LEVEL_COUNT components in the header are 0 (zero). All other
components of the header are undefined.

ii) There are no SQL item descriptor areas.

iii) The maximum number of SQL descriptor items is implementation-defined (IL057).

f) An SQLvariable of declared typeCHARACTER(5)with an implementation-dependent (UV131)
<SQLvariable name>. This is the status variableofPTFDA. The initial value of the status variable
is successful completion (00000).

3) The scope of every variable name and every PTF extended name associated with PTFDA is the
General Rules of Subclause 9.27, “Invocation of a PTF component procedure”, when executing a
PTF component procedure of SR.

4) Case:

a) If SR has a PTF describe component procedure, then the General Rules of Subclause 9.27,
“Invocation of a PTF component procedure”, are applied with SR as POLYMORPHIC TABLE
FUNCTION, “describe” as COMPONENT, CAL as ARGUMENT LIST, and PTFDA as PTF DATA
AREA.

NOTE423—ThePTFdescribe componentprocedure is expected topopulate the requested rowtypedescriptor
areas. If there is no <table function column list> and RETURNS ONLY PASS THROUGH is not specified, then
the PTF describe component procedure must also populate the initial result row type descriptor area. The
Syntax Rules of Subclause 9.18, “Invoking an SQL-invoked routine”, will check this.

b) Otherwise, for every generic table parameterGTAof SR, the header and all PTF itemdescriptors
of the initial row type descriptor area of GTA is copied to the header and PTF item descriptors
of the requested row type descriptor area of GTA.

NOTE 424—When the PTF describe component procedure is absent, the initial result row type descriptor
area remains unchanged.

5) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause,
which receives PTFDA as PTF DATA AREA.
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Conformance Rules

None.
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9.25 Execution of an invocation of a polymorphic table function

Function

Execute an invocation of a polymorphic table function.

Subclause Signature

“Execution of an invocation of a polymorphic table function” [General Rules] (
  Parameter: “ROUTINE INVOCATION”, 
  Parameter: “POLYMORPHIC TABLE FUNCTION”, 
  Parameter: “ARGUMENT LIST”, 
  Parameter: “PTF DATA AREA”, 
  Parameter: “RESULT TYPE”
) Returns: “RESULT TABLE”

ROUTINE INVOCATION— a <routine invocation> that causes the invocation of a polymorphic table
function.

POLYMORPHIC TABLE FUNCTION— a polymorphic table function.

ARGUMENT LIST— an <SQL argument list>.

PTF DATA AREA— a PTF data area.

RESULT TYPE— the desired row type of the result table.

RESULT TABLE— the result table created and populated by an invocation of this subclause using
this signature.

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let RI be the ROUTINE INVOCATION, let SR be the POLYMORPHIC TABLE FUNCTION, let PAL be the
ARGUMENT LIST, let PTFDA be the PTF DATA AREA, and let RESTYPE be the RESULT TYPE in an
application of the General Rules of this Subclause. The result of the application of this Subclause is
returned as RESULT TABLE.

2) Let RESTAB be an empty table of type RESTYPE.

3) Let NT be the number of <table argument>s contained in RI. Let TA1, ..., TANT be the <table argu-
ment>s contained in RI, enumerated in the order of the corresponding <generic table parameter
type>s in SR. Let TP1, ..., TPNT be the corresponding <SQL parameter declaration>s of SR.

4) For all t, 1 (one) ≤ t ≤ NT,

Case:
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a) If TAt has row semantics and the table specified by TAt is empty, then RESTAB is returned as
the RESULT TABLE and no further General Rules of this Subclause are applied.

b) If TAt has set semantics, TAt is pruned, and the table specified by TAt is empty, then RESTAB
is returned as the RESULT TABLE and no further General Rules of this Subclause are applied.

5) For all t, 1 (one) ≤ t ≤ NT,

a) Case:

i) If TAt simply contains a <table argument correlation name> TACNt, then let ASTACNt
be

AS TACNt

ii) Otherwise, let ASTACNt be the zero-length character string.

b) Case:

i) If TAt simply contains <table argument parenthesized derived column list>, then let
TAPDCLt be that <table argument parenthesized derived column list>.

ii) Otherwise, let TAPDCLt be the zero-length character string.

c) Let TAPt be the <table argument proper> simply contained in TAt.

Case:

i) If TAPt simply contains <table or query name> TOQNt, then let TRt be

TOQNt ASTACNt TAPDCLt

ii) If TAPt simply contains <table subquery> TSQt, then let TRt be

TSQt ASTACNt TAPDCLt

iii) If TAPt is a <table function invocation> TFIt, then let TRt be

TABLE ( TFIt ) ASTACNt TAPDCLt

6) Let NS be the number of <table argument>s with set semantics. Let NP be the number of <table
argument>s with one or more partitioning columns. Let NC be the number of <table argument>s
whose range variable is referenced in a <co-partition specification> contained in RI, if any.

NOTE 425— 0 (zero) ≤ NC ≤ NP ≤ NS ≤ NT.

7) Let PTA1, ..., PTANT be a permutation of the list of <table argument>s, such that:

a) If RI contains a <co-partition clause> COCL, then:

i) The <table argument>s that are referenced by <range variable>s in COCL are the first
NC <table argument>s in the permuted list.

ii) All <table argument>s that are referenced in a single <co-partition specification> are
adjacent in the permuted list.

b) All <table argument>s that have one or more partitioning columns are the first NP <table
argument>s in the permuted list.
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c) All <table argument>s that have set semantics are the first NS <table argument>s in the per-
muted list.

d) If there is an input tablewith row semantics, then it is the last one in the permuted list (PTANT).

8) Let per be the permutation such that, for all t, 1 (one) ≤ t ≤ NT, TAt = PTAper(t).

9) Let RV1, ..., RVNT be distinct <correlation name>s.

10) If any generic table parameter of SR specifies PASS THROUGH, then let OPQN1, ..., OPQNNT be
mutually distinct implementation-dependent (UV133) <column name>s such that, for all t, 1 (one)
≤ t ≤NT, OPQNt is not equivalent to the NAME component of any SQL item descriptor whose LEVEL
component is 0 (zero) in the PTF descriptor area for the full row type of PTAt in PTFDA.

NOTE 426— These will be used as the column names of the pass-through input surrogate columns (in the cursors)
and the pass-through output surrogate columns (in the intermediate result row type descriptor.)

11) For all t, 1 (one) ≤ t ≤ NT:

a) Let REQ be the requested row descriptor of PTAt in PTFDA. Let NREQ be the number of SQL
item descriptors in REQwhose LEVEL component is 0 (zero). For all i, 1 (one) ≤ i ≤ NREQ, let
COLNi be an <identifier>whose value is the value of theNAME component of the i-th SQL item
descriptor of REQwhose LEVEL component is 0 (zero). Let SELL be

COLN1, ..., COLNNREQ

NOTE 427— The column names in the requested row descriptor are required to reference unique columns
of the input table by a Syntax Rule in Subclause 9.18, “Invoking an SQL-invoked routine”; hence, there is no
need to qualify the columnnames in the SELECT listwith range variables. If the queryneeds access to columns
with duplicate column names, this can be handled by renaming columns in the query.

b) Let Tt be the table specified by PTAt.

c) Case:

i) IfPTAt specifiesPASSTHROUGH, then letXTtbeTt extendedwith one additional column
OPQ of implementation-dependent (UV133) declared type and with <column name>
OPQNt, such that, for every row R of XTt, the value of OPQ in R represents the value of
all columns ofTt in the corresponding rowofTt.OPQ is the pass-through input surrogate
column of XTt. Let SELLISTt be

SELL, OPQNt

NOTE 428— For example, for a given row R of Tt, OPQ can be the concatenation of all columns of R
in a single BLOB, or some compression thereof, or the (compressed) concatenation of a candidate
key. Using conventional column projection techniques, OPQ only needs to represent the columns of
Tt actually required to execute the encompassing query.

ii) Otherwise, let XTt be Tt and let SELLISTt be SELL.

d) Let TNt be an effective name for XTt.

12) The intermediate result row type descriptorMRR in PTFDA is populated as follows:

a) The initial result row type descriptor of PTFDA is copied toMRR.

b) For each generic table parameter GTA of PTF that specifies PASS THROUGH:

i) Let PISC be the pass-through input surrogate column for GTA.
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ii) An SQL item descriptor area SIDA is appended toMRR, matching the declared type of
PISC and having a NAME component equal to the value of the <column name> of PISC.
The column described by SIDA is the pass-through output surrogate column of GTA.

iii) COUNT and TOP_LEVEL_COUNT in the header ofMRR are incremented by 1 (one).

13) If RI contains a <co-partition clause> COCL, then:

a) LetNCOSPEC be the number of <co-partition specification>s contained in COCL. Let COSPEC1,
..., COSPECNCOSPEC be the <co-partition specification>s contained in COCL.

b) For all s, 1 (one) ≤ s ≤ NCOSPEC:

i) Let NCOT be the number of <range variable>s contained in COSPECs, let CORV1, ...,
CORVNCOTbe those <range variable>s, letCOTA1, ...,COTANCOTbe the <table argument>s
that expose those <range variable>s, and let COT1, ..., COTNCOT be the tables specified
by those <table argument>s.

NOTE 429— A <table argument> that is a nested polymorphic table function invocation can expose
more than one range variable. In that case, the query canuse any range variable exposedby the <table
argument> to represent the <table argument> in the <co-partition specification>.

ii) LetNCOP be the number of partitioning columns in each of the tables COT1, ..., COTNCOT.

iii) For all t, 1 (one) ≤ t ≤ NCOT, let PCt,1, ..., PCt,NCOP be the <column reference>s of the
partitioning columns of COTt.

iv) Let PCN1, ..., PCNNCOP be distinct <column name>s.

v) Let X be a <column name> that is distinct from PCNc for all c, 1 (one) ≤ c ≤ NCOP.

vi) Case:

1) If, for all t2, 1 (one) ≤ t2 ≤ NCOT, COTt2 is an empty table, then:

A) For all c, 1 (one) ≤ c ≤ NCOP, let DTCPc be the declared type of PCt,c. Let SDt
be

( SELECT CAST (NULL AS DTCPt,1) AS PCN1,
         ...

CAST (NULL AS DTCPt,NCOP) AS PCNNCOP
         1 AS X

FROM VALUES (1) ) AS RVt

B) Let FOJs be

SD1, ..., SDNCOT

NOTE 430— Placed in a <from clause>, this is a table with one row, denoting that only
one virtual processor is required to handle the empty tables COT1, ..., COTNCOT.

2) Otherwise:

A) For all t, 1 (one) ≤ t ≤ NCOT, let SDt be the character string

( SELECT DISTINCT PCt,1 AS PCN1,
                  ...,

PCt,NCOP AS PCNNCOP,
                  1 AS X

FROM TRt ) AS RVt
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B) For all pairs (t1, t2) where 1 (one) ≤ t1 < t2 ≤ NCOT, let JCt1,t2 be

RVt1.PCN1 IS NOT DISTINCT FROM RVt2.PCN1
AND RVt1.PCN2 IS NOT DISTINCT FROM RVt2.PCN2
AND ...
AND RVt1.PCNNCOP IS NOT DISTINCT FROM RVt2.PCNNCOP

NOTE 431—This expresses the join condition that XTt1 and XTt2 have the same values
in all pairs of corresponding partitioning columns, treating a null value as the same as
another null value.

C) Let FOJs be the <joined table>

( ( ... ( SD1 FULL OUTER JOIN SD2 ON JC1,2 )
FULL OUTER JOIN SD3 ON JC1,3 AND JC2,3 )

              ...
FULL OUTER JOIN SDNCOT ON JC1,NCOT

AND JC2,NCOT
AND ...
AND JCNCOT−1,NCOT )

NOTE 432— This is a full outer join on all tables referenced in the <co-partition spe-
cification>, performing an equijoin on all corresponding pairs of partitioning columns.
Here equijoin is in the sense of regarding a null value as not distinct from another null
value. Each row of this table requires a separate virtual processor.

vii) For all t, 1 (one) ≤ t ≤ NCOT,

Case:

1) If PTAt is pruned, then let JUICEt be the character string

AND RVt.X IS NOT NULL

NOTE 433— This condition will be used to exclude null-extended rows from a full outer join,
thereby pruning partitions that would otherwise be created for an empty cursor.

2) Otherwise, let JUICEt be the empty character string.

viii) Let JUICYs be the concatenation:

JUICE1 ... JUICENCOT

14) For all t, NC < t ≤ NP,
NOTE 434— There is such t if there are partitioned table(s) that are not co-partitioned.

a) Let NPC be the number of partitioning columns of Tt. Let PCt,1, ..., PCt,NPC be the <column ref-
erence>s of the partitioning columns of Tt.

b) Let PCNt,1, ..., PCNt,NPC be distinct <column name>s.

c) Case:

i) If PTAt is an empty table, then for all c, 1 (one) ≤ c ≤ NPC, let DTPCt,c be the declared
type of PCt,c and let SDt be the character string

( SELECT CAST (NULL AS DTCPt,1) AS PCNt,1,
         ...,

CAST (NULL AS DTCPt,NPC) AS PCNt,NPC
FROM VALUES (1) ) AS RVt

ii) Otherwise, let SDt be the character string
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( SELECT DISTINCT PCt,1 AS PCNt,1,
                  ...,

PCt,NPC AS PCNt,NPC
FROM TRt ) AS RVt

15) For all t, 1(one) ≤ t ≤ NT,

Case:

a) If PTAt has a <table argument ordering list> TAOLt, then:

i) Let SSLtbe the character string obtained fromTAOLtby removing the initial <left paren>
and the final <right paren>, if any.

ii) Let OBt be

ORDER BY SSLt

b) Otherwise, let OBt be the zero-length character string.

16) Case:

a) If NP = 0 (zero), then let P be 1 (one).
NOTE 435— P is the minimum number of virtual processors required. Since there are no partitioned tables
(becauseNP = 0), only one virtual processor is required. However, if there is a tablewith row semantics, there
can be more than one virtual processor, as specified in later General Rules.

b) Otherwise:

i) Case:

1) If NC = NP, then let CROSS be

SELECT RV1.*, ..., RVP.*
FROM FOJ1, ..., FOJNCOSPEC
WHERE 1=1 JUICY1 ... JUICYNCOSPEC

NOTE 436— This is the case in which every partitioned table is co-partitioned.

2) If 0 (zero) = NC < NP, then let CROSS be

SELECT RV1.*, ..., RVNP.*
FROM SD1, ..., SDNP

NOTE 437— This is the case in which there are partitioned tables and none of them is co-
partitioned.

3) Otherwise, let CROSS be

SELECT RV1.*, ..., RVNP.*
FROM FOJ1, ..., FOJNCO,

SDNC+1, ..., SDNP
WHERE 1=1 JUICY1 ... JUICYNCOSPEC

NOTE 438—This is the case in which there are partitioned tables, some of them are co-parti-
tioned and others are not co-partitioned.

ii) Let PARTITIONS be the result of evaluating CROSS. Let P be the number of rows in
PARTITIONS.

NOTE 439— P is the minimum number of virtual processors required to process the partitions of
the tables. If there is no tablewith row semantics, P is the exact number of virtual processors. If there
is a table with row semantics, the actual number of virtual processors can grow.
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iii) Let R1, ..., RP be an enumeration of the rows of PARTITIONS.

For all p, 1 (one) ≤ p ≤ P:

1) Let NMC be the number of columns in PARTITIONS. LetMCOLN1, ...,MCOLNNMC
be distinct implementation-dependent (UV133) <column name>s. Let PRIN-
CIPLEROW be a table whose columns names areMCOLN1, ...,MCOLNNMC and
whose only row is Rp. Let TMR be an effective table name for PRINCIPLEROW.

2) For all t, 1 (one) ≤ t ≤ NC:
NOTE 440— That is, t is the index of a co-partitioned table.

A) Let NPC be the number of partitioning columns of Tt, let PCt,1, ..., PCt,NPC be
the<columnreference>sof thepartitioning columnsofTt, and let the column
names in PRINCIPLEROW corresponding to the partitioning columns of Tt
beMCOLNx, ...,MCOLNx+NPC−1.

B) Case:

I) If the column corresponding to RVt.X in the row Rp is null, then let
PREPp,t be

0 = 1

NOTE 441— Rp is caused by a null extension in the full outer join involving Tt,
and signifies that there are no rows inTt thatmatch on thepartitioning columns
for any other table with which Tt is co-partitioned.

II) Otherwise, let PREDp,t be

PCt,1 IS NOT DISTINCT FROM
    ( SELECT MCOLNx

FROM TMR )
AND
    ...
AND

PCt,NPC IS NOT DISTINCT FROM
    ( SELECT MCOLNx+NPC−1

FROM TMR )

NOTE 442— RVt.X is not null, signifying a row of PARTITIONS that is not null-
extended in the columns for table Tt. The predicate PREDp,t selects the rows of
Tt that match the partitioning columns in PRINCIPLEROW.

C) Let CSp,t be

SELECT SELLISTt
FROM TRt
WHERE PREDp,t
OBt
FOR READ ONLY

NOTE 443— This is a <cursor specification> that will be used to define the cursor for
PTAt on a virtual processor corresponding to PRINCIPLEROW.

D) The common values of the partitioning columns of CSp,t are the values of
MCOLNx, ...,MCOLNx+NPC−1.

3) For all t, NC < t ≤ NP
NOTE 444— t is the index of a partitioned table that is not co-partitioned.
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A) LetNPC be the number of partitioning columns of Tt, let PCt,1, ..., PC1,NPC be
the<columnreference>sof thepartitioning columnsofTt, and let the column
names in PRINCIPLEROW corresponding to the partitioning columns of Tt
beMCOLNx, ...,MCOLNx+NPC−1. Let PREDp,t be

PCt,1 IS NOT DISTINCT FROM
    ( SELECT MCOLNx

FROM TMR )
AND
    ...
AND

PCt,NPC IS NOT DISTINCT FROM
    ( SELECT MCOLNx+NPC−1

FROM TMR )

B) Let CSp,t be

SELECT SELLISTt
FROM TRt
WHERE PREDt,m
OBt
FOR READ ONLY

C) The common values of the partitioning columns CSp,t are the values of
MCOLNx, ...,MCOLNx+NPC−1.

17) For all t, NP < t ≤ NS, and for all p, 1 (one) ≤ p ≤ P, let CSp,t be

SELECT SELLISTt
FROM TRt
OBt
FOR READ ONLY

NOTE 445— These are the tables with set semantics that are not partitioned. There is no <where clause>, so the
cursor reads the entire table on each virtual processor (the table is “broadcast” into the virtual processors).

18) Case:

a) If there is an input table with row semantics, then:

i) For allm, 1 (one) ≤m ≤ P,

1) Let {RSP1, ..., RSPidp(m)} be an implementation-dependent (UA056) partition of
XTNT.

NOTE 446—There can be at most one input table with row semantics, and it must be the last
input table in the permuted list of input tables. XTNT is not empty; otherwise, this Subclause
would have already returned an empty table.

2) For all i, 1 (one) ≤ i ≤ idp(m):

A) Let QEm,i be an implementation-dependent (UV129) <query expression>
that selects the rows in RSPm,i.

B) Let RSCSm,i be the <cursor specification>

QEm,i
FOR READ ONLY

ii) Let NVP be the sum idp(1) + idp(2) + ... + idp(P).
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iii) LetCURSORSbe the following set ofNVP lists of <cursor specification>s,withNT<cursor
specification>s in each list:

{ ( CS1,1, CS1,2, ..., CS1,NT−1, RSCS1,1 ),
  ( CS1,1, CS1,2, ..., CS1,NT−1, RSCS1,2 ),
  ...
  ( CS1,1, CS1,2, ..., CS1,NT−1, RSCS1,idp(1) ),
  ( CS2,1, CS2,2, ..., CS2,NT−1, RSCS2,1 ),
  ( CS2,1, CS2,2, ..., CS2,NT−1, RSCS2,2 ),
  ...
  ( CS2,1, CS2,2, ..., CS2,NT−1, RSCS2,idp(2) ),
  ...
  ( CSP,1, CSP,2, ..., CSP,NT−1, RSCSP,1 ),
  ( CSP,1, CSP,2, ..., CSP,NT−1, RSCSP,2 ),
  ...
  ( CSP,1, CSP,2, ..., CSP,NT−1, RSCSP,idp(P ) }

b) Otherwise, let NVP be P and let CURSORS be the following set of NVP = P lists of <cursor spe-
cification>s, with NT <cursor specification>s in each list:

{ ( CS1,1, CS1,2, ..., CS1,NT ),
  ( CS2,1, CS2,2, ..., CS2,NT ),
  ...
  ( CSP,1, CSP,2, ..., CSP,NT ) }

NOTE 447— CURSORS contains every list of <cursor specification>s to be opened on different virtual pro-
cessors. If there are no table arguments (NT = 0), the degenerate case is a single list with no <cursor specific-
ation>.

19) Let LIST1, ... LISTNVP be an enumeration of the lists in CURSORS. For all v, 1 (one) ≤ v ≤NVP, let LISTv
= ( LCSv,1, ..., LCSv,NT ).

20) For every v, 1 (one) ≤ v ≤ NVP, let VPv be a virtual processor. Each virtual processor has an SQL
execution context that is a copyof the current SQL execution context. Each virtual processor executes
independently of every other virtual processor.

For every v, 1 (one) ≤ v ≤ NVP, the following rules are executed on VPv:

a) Let RESTv be an empty table of row type RESTYPE. RESTv is the partial result table of VPv.

b) Let DAv be a PTF data area that is a copy of PTFDA.

c) For all t, 1 (one) ≤ t ≤ NT,

i) The PTF cursor for the t-th <table argument> TAt is initialized as follows:

1) The cursor declaration descriptor is initialized as follows:

A) The kind of cursor is PTF dynamic cursor.

B) The provenance of the cursor is RI.

C) The name of the is an implementation-dependent (UV130) PTF extended
cursor name.

D) The cursor’s origin is LCSv,per(t).

E) The cursor’s declared properties are ASENSITIVE, NO SCROLL, WITHOUT
HOLD, and WITHOUT RETURN.

2) The cursor instance descriptor is initialized as follows:
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A) The cursor declaration descriptor is as specified above.

B) The SQL-session identifier is the current SQL-session identifier.

C) The cursor’s state is closed.

ii) If TAt has at least one partitioning column, then the common values of the partitioning
columns of TAt are the common values of the partitioning columns of LCSv,per(t).

iii) The PTF descriptor area for the cursor row type CRTt of TAt is initialized as follows:

1) Let SN be a <statement name> that is distinct from any other <statement name>
in the SQL-session.

2) The following <prepare statement> is executed:

PREPARE SN FROM LCSv,per(t)

3) Let CRTDN be the implementation-dependent (UV131) PTF extended name of
CRTt.

4) The following <describe statement> is executed:

DESCRIBE SN USING DESCRIPTOR PTF CRTDN

d) If PTF has a PTF start component procedure, then:

i) The General Rules of Subclause 9.27, “Invocation of a PTF component procedure”, are
applied with SR as POLYMORPHIC TABLE FUNCTION, “start” as COMPONENT, PAL as
ARGUMENT LIST, and DAv as PTF DATA AREA.

ii) Any rows passed by a <pipe row statement> during the execution of those General
Rules are inserted in RESTv.

iii) If the status variable in DAv is not successful completion (00000), then the value of the
status variable is raised as an exception condition.

e) For every t, 1 (one) ≤ t ≤ NT,

i) Let CURt be the cursor of TAt in DAv.

ii) TheGeneral Rules of Subclause 15.1, “Effect of opening a cursor”, are appliedwithCURt
as CURSOR.

f) The General Rules of Subclause 9.27, “Invocation of a PTF component procedure”, are applied
with SR as POLYMORPHIC TABLE FUNCTION, “fulfill” as COMPONENT, PAL asARGUMENTLIST,
and DAv as PTF DATA AREA.

g) Any rows passed by a <pipe row statement> during the execution of those General Rules are
inserted in RESTv.

h) For every t, 1 (one) ≤ t ≤ NT, the General Rules of Subclause 15.4, “Effect of closing a cursor”,
are applied with CURt as CURSOR and DESTROY as DISPOSITION.

i) If the status variable in DAv is not successful completion (00000), then the value of the status
variable is raised as an exception condition.

j) If PTF has a PTF finish component procedure, then:
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The General Rules of Subclause 9.27, “Invocation of a PTF component procedure”, are
applied with SR as POLYMORPHIC TABLE FUNCTION, “finish” as COMPONENT, PAL as
ARGUMENT LIST, and DAv as PTF DATA AREA.

i)

ii) Any rows passed by a <pipe row statement> during the execution of those General
Rules are inserted in RESTv.

iii) If the status variable in DAv is not successful completion (00000), then the value of the
status variable is raised as an exception condition.

k) The rows of RESTv are inserted into RESTAB.

l) RESTv is destroyed. DAv and all of its components are destroyed. VPv is destroyed.

21) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause,
which receives RESTAB as RESULT TABLE.

Conformance Rules

None.
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9.26 Signatures of PTF component procedures

Function

Generate the signatures of the PTF component procedures of a polymorphic table function.

Subclause Signature

“Signatures of PTF component procedures” [Syntax Rules] (
  Parameter: “COMPONENT”, 
  Parameter: “PTF PARAMETER LIST”, 
  Parameter: “PRIVATE PARAMETER LIST”
) Returns: “COMPONENT PARAMETER LIST”

COMPONENT—theparticular component forwhich a signature is to be generated (“describe”, “start”,
“fulfill”, or “finish”).

PTF PARAMETER LIST— a list of parameters to be supplied as the non-private parameters of the
PTF component.

PRIVATE PARAMETER LIST— a list of parameters to be supplied as the private parameters of the
PTF component.

COMPONENT PARAMETER LIST— a normalized list of all parameters of the PTF component.

Syntax Rules

1) LetCOMPbe theCOMPONENT, letPTFPLbe thePTFPARAMETERLIST, and letPRIVPLbe thePRIVATE
PARAMETERLIST in an applicationof the SyntaxRules of this Subclause. The result of the application
of this Subclause is returned as COMPONENT PARAMETER LIST. .

2) Case:

a) If the SQL-implementation supports Feature B208, “PTF component procedure interface”,
then:

i) COMPPL is built iteratively by appending new parameters CPc at the end of the list.
EachparameterCPchas a <parametermode>and a<parameter type>; <SQLparameter
name> and <parameter default> are not specified.

ii) LetND be the number of parameters in PRIVPL. LetDd, 1 (one) ≤ d ≤ND be an enumer-
ation of the parameters in PRIVPL, in order of declaration.

iii) For all d, 1 (one) ≤ d ≤ ND, let CPd be a parameter in COMPPL, as follows:

1) If COMP is “finish”, then the <parameter mode> of CPd is IN; otherwise, the
<parameter mode> is INOUT.

2) The <parameter type> of CPd is the <parameter type> of Dd.

iv) LetM be the number of parameters in COMPPL.
NOTE 448— At this point,M = ND.

v) Let NP be the number of parameters in PTFPL. Let Pp, 1 (one) ≤ p ≤ NP, be an enumer-
ation the parameters in PTFPL, in order of declaration.
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vi) LetLbe the implementation-defined (IL058)maximum length of a PTF extendedname.

vii) For each p, 1 (one) ≤ p ≤ NP,

Case:

1) If the <parameter type> of Pp is <generic table parameter type>, then:

A) If COMP is “describe”, then a parameterwhose <parametermode> is IN and
whose <parameter type> is VARCHAR(L) is appended to COMPPL.

NOTE 449— This is for the PTF extended name of the full row type descriptor name
for the generic table.

B) If COMP is “fulfill”, then a parameter whose <parameter mode> is IN and
whose <parameter type> is VARCHAR(L) is appended to COMPPL.

NOTE450—This is for the PTF extended name of the row type descriptor of the cursor
for the generic table.

C) If Pp has set semantics, then:

I) A parameterwhose <parametermode> is IN andwhose <parameter
type> is VARCHAR(L) is appended to COMPPL.

NOTE 451— This is the partitioning descriptor of for the generic table.

II) A parameterwhose <parametermode> is IN andwhose <parameter
type> is VARCHAR(L) is appended to COMPPL.

NOTE 452— This is the ordering descriptor of for the generic table.

D) If COMP is “describe”, then a parameterwhose <parametermode> is IN and
whose <parameter type> is VARCHAR(L) is appended to COMPPL.

NOTE 453— This is for the PTF extended name of the requested row type descriptor
for the cursor for Pp.

E) If COMP is “fulfill”, then a parameter whose <parameter mode> is IN and
whose <parameter type> is VARCHAR(L) is appended to COMPPL.

NOTE 454—This is for the PTF extended name of the cursor of the generic input table.

2) If the <parameter type> of Pp is a descriptor type, then a parameter whose
<parametermode> is INandwhose<parameter type> isVARCHAR(L) is appended
to COMPPL.

3) Otherwise, a parameter whose <parameter mode> is IN and whose <parameter
type> is the <parameter type> of Pp is appended to COMPPL.

viii) IfCOMP is “describe”, then the<returns clause>RTof SRdoesnot specify <table function
column list>, andRTdoesnot specifyRETURNSONLYPASSTHROUGH, thenaparameter
whose <parameter mode> is IN andwhose <parameter type> is the <parameter type>
of Pp is appended to COMPPL.

NOTE 455— This is for the PTF extended name of the initial result row descriptor name.

ix) If COMP is not “describe”, then a parameter whose <parameter mode> is IN andwhose
<parameter type> is the <parameter type> of Pp is appended to COMPPL.

NOTE 456— This is for the PTF extended name of the intermediate result row descriptor name.

x) A parameter whose <parameter mode> is INOUT and whose <parameter type> is the
CHARACTER(5) is appended to COMPPL.

NOTE 457— The last parameter is for the status variable, a value of SQLSTATE.
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b) Otherwise, COMPPL is implementation-defined (IV091).

3) Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause,
which receives COMPPL as COMPONENT PARAMETER LIST.

Access Rules

None.

General Rules

None.

Conformance Rules

None.
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9.27 Invocation of a PTF component procedure

Function

Invocation of a PTF component procedure.

Subclause Signature

“Invocation of a PTF component procedure” [General Rules] (
  Parameter: “POLYMORPHIC TABLE FUNCTION”, 
  Parameter: “COMPONENT”, 
  Parameter: “ARGUMENT LIST”, 
  Parameter: “PTF DATA AREA”
)

POLYMORPHIC TABLE FUNCTION— a polymorphic table function.

COMPONENT— the particular component to be invoked (“describe”, “start”, “fulfill”, or “finish”).

ARGUMENT LIST— an <SQL argument list>.

PTF DATA AREA— a PTF data area.

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let SR be the POLYMORPHIC TABLE FUNCTION, let COMP be the COMPONENT, let AL be the ARGU-
MENT LIST, and let PTFDA be the PTF DATA AREA in an application of the General Rules of this
Subclause.

2) Case:

a) If COMP is “describe”, then let COMPRT be the PTF describe component procedure of SR.

b) If COMP is “start”, then let COMPRT be the PTF start component procedure of SR.

c) If COMP is “fulfill”, then let COMPRT be the PTF fulfill component procedure of SR.

d) If COMP is “finish”, then let COMPRT be the PTF finish component procedure of SR.

3) Case:

a) If the SQL-implementation supports Feature B208, “PTF component procedure interface”,
then:

i) The following rules construct SAL, a list of <SQL argument>s. SAL is initially an empty
list of <SQL argument>s.
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ii) Let NPV be the number of PTF private variables in PTFDA. Let the implementation-
dependent (UV131) names of the PTF private variables be PANAMEa, 1 (one) ≤ a ≤
NPV. Let the first NPV elements of SAL be PANAME1, ..., PANAMENPV.

iii) Let NP be the number of parameters of SR. For all p, 1 (one) ≤ p ≤ NP, let Pp be the p-th
parameter of SR and let Ap be the corresponding argument in AL.

iv) For all p, 1 (one) ≤ p ≤ NP,

Case:

1) If Pp is a generic table parameter, then:

A) Case:

I) If COMP is “describe”, then a character string literal whose value is
the PTF extended name of the PTF descriptor area for the row type
of Pp is appended to SAL.

II) If COMP is “fulfill”, then a character string literal whose value is the
PTF extended name of the PTF descriptor area for the row type of
the cursor for Pp is appended to SAL.

NOTE 458— If COMP is “start” or “finish”, then no row type descriptor name
is appended to SAL at this point.

B) If Pp has set semantics, then:

I) A character string literal whose value is the PTF extended name of
the PTF descriptor area for the partitioning of Pp is appended to SAL.

II) A character string literal whose value is the PTF extended name of
the PTF descriptor area for the ordering of Pp is appended to SAL.

C) If COMP is “describe”, then a character string literal whose value is the PTF
extended name of the PTF extended name of the PTF descriptor area for
the requested row type of Pp is appended to SAL.

D) If COMP is “fulfill”, then a character string literal whose value is the PTF
extended name of the PTF cursor for Pp is appended to SAL.

2) If Pp is a descriptor parameter, then

Case:

A) If Ap is the null value, then a null value is appended to SAL.

B) Otherwise, a character string literal whose value is a PTF extended name
for the PTF descriptor area specified by Ap.

3) Otherwise, Ap is appended to SAL.

v) Case:

1) If COMP is “describe”, the <returns clause> RT of SR does not specify <table
function column list>, and RT does not specify RETURNS ONLY PASS THROUGH,
then a character string literal whose value is the PTF extended name of the initial
result row descriptor of SR is appended to SAL.
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2) If COMP is not “describe”, then a character string literal whose value is the PTF
extended name of the intermediate result row descriptor of SR is appended to
SAL.

vi) The PTF extended name of the status variable is appended to SAL.

b) Otherwise, SAL is implementation-defined (IV092).

4) The General Rules of Subclause 9.18, “Invoking an SQL-invoked routine”, are applied with COMPRT
as SUBJECT ROUTINE and SAL as STATIC SQL ARG LIST; let V be the VALUE returned from the
application of those General Rules.

NOTE 459— The V returned is not used.

5) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.

Conformance Rules

None.
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9.28 XQuery regular expression matching

Function

Determine a list of match vectors to an XQuery regular expression in a character string.

Subclause Signature

“XQuery regular expression matching” [General Rules] (
  Parameter: “STRING”, 
  Parameter: “PATTERN”, 
  Parameter: “POSITION”, 
  Parameter: “UNITS”, 
  Parameter: “FLAG”
) Returns: “LIST”

STRING— a character string within which a regular expression match is to be sought.

PATTERN— a character string that is an XQuery regular expression.

POSITION—an integer specifying the positionwithin STRING atwhich the regular expressionmatch
operation is to start.

UNITS— an indication of whether the regular expression match is performed in units of characters
(CHARACTERS) or in units of octets (OCTETS).

FLAG— a character string that is an XQuery option flag.

LIST— a list of “match vectors”, each of which is a pair of integers specifying the starting position
and length of a regular expression match in STRING.

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let S be the STRING, let PAT be the PATTERN, let SP be the POSITION, let U be the UNITS, and let FL
be the FLAG in an application of the General Rules of this Subclause. The result of the application
of this Subclause is returned as LIST.

2) Case:

a) If the character repertoire of PAT is UCS, then let P be PAT.

b) Otherwise, let P be the result of an implementation-defined (IA068) transliteration of PAT to
UCS.

3) Case:

a) If the character repertoire of FL is UCS, then let F be FL.
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b) Otherwise, let F be the result of an implementation-defined (IA068) transliteration of FL to
UCS.

4) If P is not an XQuery regular expression, then an exception condition is raised: data exception—
invalid XQuery regular expression (2201S).

5) If F is not an XQuery option flag, then an exception condition is raised: data exception— invalid
XQuery option flag (2201T).

6) Let LEN be the length in characters of S.

7) A position/length PL is a pair of exact numeric values, a position P and a length L, such that either
P = 0 (zero) and L = 0 (zero), or P is positive, L is non-negative, and P + L ≤ LEN + 1 (one). If P is
positive, then PL represents the substring of Swhose starting position is P and whose length is L.
If P is 0 (zero), then PL does not represent a substring of S.

NOTE 460— For example, if S is 'a', then there are four position/lengths, namely (1,0), denoting the zero-length
substring at the beginning of S; (2,0), denoting the zero-length substring at the end of S; (1,1), denoting the whole
string S; and (0,0), denoting no substring of S.

8) Let G be the number of parenthesized groups in PAT.

9) An XQuery regular expression match is defined as follows.

Case:

a) If the character repertoire of S is UCS, then an XQuery regular expression match is a match as
defined by XQuery and XPath Functions and Operators 3.1 for the function fn:matches(),
with F as the value of the parameter $flags, with the following modifications:

i) Themetacharacters “^”, “$”, and “.” are interpreted according to the guidelines of RL1.6
“Line boundaries”, in Unicode Technical Standard #18.

ii) Themulti-character escape “\s” matches U+0020 (space), U+0009 (tab), or any single
character or two-character sequence identified as a newline sequence by RL1.6 “line
boundaries” in Unicode Technical Standard #18.

iii) The multi-character escape “\S” matches any single character that is not matched by
a single character that matches the multi-character escape “\s”.

b) Otherwise, the definition of XQuery regular expression match is implementation-defined
(IV093).

10) A match vectorMV is an array of G + 1 position/lengths, indexed from 0 (zero) through G.MV rep-
resents an XQuery regular expression match of PAT, including information about capture groups.
MV[0] is the position/length that denotes the entire XQuery regular expression match of PAT. For
i between 1 (one) and G,MV[i] is the position/length that denotes the i-th capture groupwithin the
XQuery regular expressionmatch that is denoted byMV[0]. If the i-th parenthesized subexpression
of PAT is not matched, then the position ofMV[i] is 0 (zero).

NOTE 461— The position ofMV[0] is never 0 (zero), since an XQuery regular expression match to PAT can never
be “no substring”. An example of a capture group that is not matched occurs when S is 'a' and PAT is '(a)|(b)'. In
this example, the match vector is given byMV[0] = (1,1),MV[1] = (1,1), andMV[2] = (0,0), since the second paren-
thesized subexpression has no match.

11) The result of this Subclause is a list LOMV of match vectors, defined as follows:

a) Let P0 be SP − 1 (one), and let L0 be 0 (zero).

b) For i ≥ 1 (one), Pi and Li are defined recursively as follows. Let Pi be the position in units U of
the first XQuery regular expression match of PAT in S such that Pi > Pi−1 + Li−1 − 1 and Pi >
Pi−1, and let Li be the length in units U of this match.
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NOTE 462— The sequence Pi is strictly increasing and bounded above by LEN + 1 (one), so this recursive
definition terminates after finding a finite number of disjoint matches.

c) Let N be the number of XQuery regular expression matches found.
NOTE 463— It is possible that there are no matches, in which case N is 0 (zero), and LOMV is empty. (P0, L0)
= (SP − 1, 0) is not included in the result; it is merely used as the position to start seeking the first match.

d) For i between 1 (one) and N, letMVi be the match vector such that:

i) MVi[0] is the position/length whose position is Pi and whose length is Li.

ii) For j between 1 (one) and G,MVi[j] is the position/length

Case:

1) If the j-th parenthesized subexpression of PAT is not matched in the i-th XQuery
regular expression match, then position 0 (zero) and length 0 (zero).

2) Otherwise, the position and length of the j-th capture groupwithin the i-th XQuery
regular expression match.

e) Let LOMV be the list of Nmatch vectorsMVi in order from 1 (one) to N.

12) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause,
which receives LOMV as LIST.

Conformance Rules

None.
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9.29 XQuery regular expression replacement

Function

Replace a substring that matches an XQuery regular expression with a replacement character string.

Subclause Signature

“XQuery regular expression replacement” [General Rules] (
  Parameter: “STRING”, 
  Parameter: “PATTERN”, 
  Parameter: “MATCH”, 
  Parameter: “REPLACEMENT”, 
  Parameter: “FLAG”
) Returns: “RESULT”

STRING— a character string within which a regular expression match is to be sought.

PATTERN— a character string that is an XQuery regular expression.

MATCH— a “match vector” (a starting position and a length) that identifies a substring of STRING
that matches the PATTERN.

REPLACEMENT— an XQuery regular expression replacement string.

FLAG— a character string that is an XQuery option flag.

RESULT— a copy of STRING in which the substring identified by MATCH has been replaced by
REPLACEMENT.

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let STR be the STRING, let PAT be the PATTERN, letMV be theMATCH, letREP be theREPLACEMENT,
and let FL be the FLAG in an application of the General Rules of this Subclause. The result of the
application of this Subclause is returned as RESULT.

2) Let PL beMV[0]. Let P be the position of PL and let L be the length of PL.

3) If L is zero, then an exception condition is raised: data exception— attempt to replace a zero-length
string (2201U).

4) Case:

a) If the character repertoire of REP is UCS, then let R be REP.

b) Otherwise, letRbe the result of an implementation-defined (IA069) conversion ofREP toUCS.
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5) If R is not an XQuery replacement string, then an exception condition is raised: data exception—
invalid XQuery replacement string (2201V).

6) Let STR1 be the character string consisting of the first (P−1) characters of STR.

7) Let STR2 be the character string consisting of the P-th through (P+L−1)-th character of STR.

8) Let STR3 be the character string consisting of the (P+L)-th character through the last character of
STR.

9) Case:

a) If the character repertoire of STR,PAT,REP, and FL is UCS, then letTbe the result of the XQuery
function fn:replace(), where the value of the $input argument is STR2, the value of the
$pattern argument is PAT, the value of the $replacement argument is R, and the value of the
$flags argument is FL.

b) Otherwise, the value of T is implementation-defined (IV094).

10) Let RETVAL be

STR1 || T || STR3

11) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause,
which receives RETVAL as RESULT.

Conformance Rules

None.
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9.30 Data type identity
This Subclause is modified by Subclause 9.14, “Data type identity”, in ISO/IEC 9075-15.

Function

Determine whether two data types are compatible and have the same characteristics.

Subclause Signature

“Data type identity” [Syntax Rules] (
  Parameter: “TYPE1”, 
  Parameter: “TYPE2”
)

TYPE1— the first data type to be analyzed.

TYPE2— the second data type to be analyzed.

Syntax Rules

1) Let PM be the TYPE1 and let P be the TYPE2 in an application of the Syntax Rules of this Subclause.

2) PM and P shall be compatible.

3) If PM is a fixed-length character string type, then the length of PM shall be equal to the length of P.

4) If PM is a variable-length character string type, then the maximum length of PM shall be equal to
the maximum length of P.

5) If PM is an exact numeric type, then the precision and scale of PM shall be equal to the precision
and scale of P, respectively.

6) If PM is an approximate numeric type or the decimal floating-point type, then the precision of PM
shall be equal to the precision of P.

7) If PM is a fixed-length binary string type, then the length of PM shall be equal to the length of P.

8) If PM is a variable-length binary string type, then the maximum length of PM shall be equal to the
maximum length of P.

9) If PM is a datetime data type with <time fractional seconds precision>, then the <time fractional
seconds precision> of PM shall be equal to the <time fractional seconds precision> of P.

10) If PM is an interval type, then the <interval qualifier> of PM shall be equivalent to the <interval
qualifier> of P.

11) If PM is a collection type, then:

a) The kind of collection (ARRAY or MULTISET) of PM and the kind of collection of P shall be the
same.

b) 15 If PM is an array type, then the maximum cardinality of PM shall be equal to the maximum
cardinality of P.

c) The Syntax Rules of this Subclause are applied with PM as TYPE1 and P as TYPE2.

12) If PM is a row type, then:
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Let N be the degree of PM.a)

b) Let DTFPMi and DTFPi, 1 (one) ≤ i ≤ N, be the data type of the i-th field of PM and of P,
respectively. For i varying from 1 (one) to N, the Syntax Rules of this Subclause are applied
with DTFPMi as TYPE1 and DTFPi as TYPE2.

13) Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause.

Access Rules

None.

General Rules

None.

Conformance Rules

None.
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9.31 Determination of a from-sql function

Function

Determine the from-sql function of a user-defined type given the name of a user-defined type and the
name of the group.

Subclause Signature

“Determination of a from-sql function” [Syntax Rules] (
  Parameter: “TYPE”, 
  Parameter: “GROUP”
) Returns: “FROM-SQL FUNCTION”

TYPE— a user-defined type.

GROUP— the name of a transform group.

FROM-SQL FUNCTION— the name of the from-sql function.

Syntax Rules

1) LetUDT be theTYPE and letGN be theGROUP in an application of the Syntax Rules of this Subclause.
The result of the application of this Subclause is returned as FROM-SQL FUNCTION.

2) Let SSUDT be the set of supertypes of UDT.

3) Let SUDT be the data type, if any, in SSUDT such that the transform descriptor included in the data
typedescriptor of SUDT includes a groupdescriptorGD that includes a groupname that is equivalent
to GN.

4) Let FSQLF be the the SQL-invoked function identified by the specific name of the from-sql function,
if any, in GD.

5) Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause,
which receives FSQLF as FROM-SQL FUNCTION.

Access Rules

None.

General Rules

None.

Conformance Rules

None.
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9.32 Determination of a from-sql function for an overriding method

Function

Determine the from-sql function of a user-defined type given the name of an overriding method and the
ordinal position of an SQL parameter.

Subclause Signature

“Determination of a from-sql function for an overriding method” [Syntax Rules] (
  Parameter: “ROUTINE”, 
  Parameter: “POSITION”
) Returns: “FROM-SQL FUNCTION”

ROUTINE— an <SQL-invoked routine> that is an original method associated with a user-defined
type.

POSITION— an integer specifying the particular parameter of ROUTINE for which an applicable
from-sql function is required.

FROM-SQL FUNCTION— the name of the from-sql function.

Syntax Rules

1) Let R be the ROUTINE and let N be the POSITION in an application of the Syntax Rules of this Sub-
clause. The result of the application of this Subclause is returned as FROM-SQL FUNCTION.

2) Let OM be original method of R.

3) Let FSQLF be the from-sql function associated with the N-th SQL parameter of OM, if any.

4) Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause,
which receives FSQLF as FROM-SQL FUNCTION.

Access Rules

None.

General Rules

None.

Conformance Rules

None.
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9.33 Determination of a to-sql function

Function

Determine the to-sql function of a user-defined type given the name of a user-defined type and the name
of a group.

Subclause Signature

“Determination of a to-sql function” [Syntax Rules] (
  Parameter: “TYPE”, 
  Parameter: “GROUP”
) Returns: “TO-SQL FUNCTION”

TYPE— a user-defined type.

GROUP— the name of a transform group.

TO-SQL FUNCTION— the name of the to-sql function.

Syntax Rules

1) LetUDT be theTYPE and letGN be theGROUP in an application of the Syntax Rules of this Subclause.
The result of the application of this Subclause is returned as TO-SQL FUNCTION.

2) Let SSUDT be the set of supertypes of UDT.

3) Let SUDT be the data type, if any, in SSUDT such that the transform descriptor included in the data
typedescriptor of SUDT includes a groupdescriptorGD that includes a groupname that is equivalent
to GN.

4) Let TSQLF be the SQL-invoked function identified by the specific name of the to-sql function, if any,
in GD.

5) Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause,
which receives TSQLF as TO-SQL FUNCTION.

Access Rules

None.

General Rules

None.

Conformance Rules

None.
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9.34 Determination of a to-sql function for an overriding method

Function

Determine the to-sql function of a user-defined type given the name of an overriding method.

Subclause Signature

“Determination of a to-sql function for an overriding method” [Syntax Rules] (
  Parameter: “ROUTINE”
) Returns: “TO-SQL FUNCTION”

ROUTINE— an <SQL-invoked routine> that is an original method associated with a user-defined
type.

TO-SQL FUNCTION— the name of the to-sql function.

Syntax Rules

1) Let R be the ROUTINE in an application of the Syntax Rules of this Subclause. The result of the
application of this Subclause is returned as TO-SQL FUNCTION.

2) Let OM be the original method of R

3) Let TSQLF be the to-sql function associated with the result of OM, if any.

4) Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause,
which receives TSQLF as TO-SQL FUNCTION.

Access Rules

None.

General Rules

None.

Conformance Rules

None.
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9.35 Generation of the next value of a sequence generator

Function

Generate and return the next value of a sequence generator.

Subclause Signature

“Generation of the next value of a sequence generator” [General Rules] (
  Parameter: “SEQUENCE”
) Returns: “RESULT”

SEQUENCE— a sequence generator descriptor.

RESULT— the next available value of the sequence.

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let SEQ be the SEQUENCE in an application of the General Rules of this Subclause. The result of the
application of this Subclause is returned as RESULT.

2) Let DT, CBV, INC, SMAX, and SMIN be the data type, current base value, increment, maximum value
and minimum value, respectively, of SEQ.

3) If there exists a non-negative integer N such that SMIN ≤ CBV + N * INC ≤ SMAX and the value (CBV
+ N * INC) has not already been returned in the current cycle, then let V1 be (CBV + N * INC). Other-
wise,

Case:

a) If the cycle option of SEQ is NO CYCLE, then an exception condition is raised: data exception
— sequence generator limit exceeded (2200H).

b) Otherwise, a new cycle is initiated.

Case:

i) If SEQ is an ascending sequence generator, then let V1 be SMIN.

ii) Otherwise, let V1 be SMAX.

4) Case:

a) If SEQ is an ascending sequence generator, the current base value of SEQ is set to the value of
the lowest non-issued value in the cycle.

b) Otherwise, the current base value of SEQ is set to the highest non-issued value in the cycle.
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5) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause,
which receives V1 as RESULT.

Conformance Rules

None.
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9.36 Creation of a sequence generator

Function

Complete the definition of an external or internal sequence generator.

Subclause Signature

“Creation of a sequence generator” [Syntax Rules] (
  Parameter: “OPTIONS”, 
  Parameter: “DATA TYPE”
)

OPTIONS— a character string representing the <common sequence generator options>.

DATA TYPE— a data type that the sequence generator returns.

“Creation of a sequence generator” [General Rules] (
  Parameter: “OPTIONS”, 
  Parameter: “DATA TYPE”
) Returns: “SEQGENDESC”

OPTIONS— a character string representing the <common sequence generator options>.

DATA TYPE— a data type that the sequence generator returns.

SEQGENDESC— a sequence generator descriptor that is created as a result of an invocation of this
subclause using this signature.

Syntax Rules

1) Let OPT be the OPTIONS and let DT be the DATA TYPE in an application of the Syntax Rules of this
Subclause.

2) OPT shall conform to the Format of <common sequence generator options>. The BNF non-terminal
symbols used in the remainder of this Subclause refer to the contents of OPT.

3) Each of <sequence generator start with option>, <sequence generator increment by option>,
<sequence generator max-value option>, <sequence generator min-value option>, and <sequence
generator cycle option> shall be specified at most once.

4) If <sequence generator increment by option> is specified, then let INC be <sequence generator
increment>; otherwise, let INC be a <signed numeric literal> whose value is 1 (one).

5) The value of INC shall not be 0 (zero).

6) If the value of INC is negative, then the sequence generator SEQ to be created is a descending sequence
generator; otherwise, SEQ is an ascending sequence generator.

7) Case:

a) If <sequence generator max-value option> is specified, then

Case:

i) If NO MAXVALUE is specified, then let SMAX be an implementation-defined (ID112)
<signed numeric literal> of declared type DT.
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ii) Otherwise, let SMAX be <sequence generator max value>.

b) Otherwise, let SMAX be an implementation-defined (ID112) <signed numeric literal> of
declared type DT.

8) Case:

a) If <sequence generator min-value option> is specified, then

Case:

i) If NO MINVALUE is specified, then let SMIN be an implementation-defined (ID113)
<signed numeric literal> of declared type DT.

ii) Otherwise, let SMIN be <sequence generator min value>.

b) Otherwise, letSMINbean implementation-defined(ID113)<signednumeric literal>ofdeclared
type DT.

9) Case:

a) If <sequence generator startwith option> is specified, then let START be <sequence generator
start value>.

b) Otherwise,

Case:

i) If SEQ is an ascending sequence generator, then let START be SMIN.

ii) Otherwise, let START be SMAX.

10) The values of INC, START, SMAX, and SMIN shall all be exactly representable with the precision and
scale of DT.

11) The value of SMAX shall be greater than the value of SMIN.

12) The value of START shall be greater than or equal to the value of SMIN and less than or equal to the
value of SMAX.

13) If <sequence generator cycle option> is specified, then letCYCbe<sequence generator cycle option>;
otherwise, let CYC be NO CYCLE.

14) Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause.

Access Rules

None.

General Rules

1) Let OPT be the OPTIONS and let DT be the DATA TYPE in an application of the General Rules of this
Subclause. The result of the application of this Subclause is returned as SEQGENDESC.

2) A sequence generator descriptor SEQDS that describes SEQ is created. SEQDS includes:

a) The sequence generator name that is the zero-length character string.
NOTE464—The name of an external sequence generator is later set by GR 1) of Subclause 11.72, “<sequence
generator definition>”; however, internal sequence generators are anonymous.

b) The data type descriptor of DT.
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c) The start value, set to START.

d) The minimum value specified by SMIN.

e) The maximum value specified by SMAX.

f) The increment specified by INC.

g) The cycle option specified by CYC.

h) The current base value, set to START.

3) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause,
which receives SEQDS as SEQGENDESC.

Conformance Rules

None.
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9.37 Altering a sequence generator

Function

Complete the alteration of an internal or external sequence generator.

Subclause Signature

“Altering a sequence generator” [Syntax Rules] (
  Parameter: “OPTIONS”, 
  Parameter: “SEQUENCE”
)

OPTIONS— a character string representing the <alter sequence generator options>.

SEQUENCE— a sequence generator descriptor.

“Altering a sequence generator” [General Rules] (
  Parameter: “OPTIONS”, 
  Parameter: “SEQUENCE”
)

OPTIONS— a character string representing the <alter sequence generator options>.

SEQUENCE— a sequence generator descriptor.

Syntax Rules

1) Let OPT be the OPTIONS and let SEQ be the SEQUENCE in an application of the Syntax Rules of this
Subclause.

2) OPT shall conform to the Format of <alter sequence generator options>. The BNF non-terminal
symbols used in the remainder of this Subclause refer to the contents of OPT.

3) Let DT be the data type descriptor included in SEQ.

4) Each of <alter sequence generator restart option>, <sequence generator increment by option>,
<sequence generator max-value option>, <sequence generator min-value option>, and <sequence
generator cycle option> shall be specified at most once.

5) Case:

a) If <sequence generator increment> is specified, then:

i) Let NEWIV be <sequence generator increment>.

ii) The value of NEWIV shall not be 0 (zero).

b) Otherwise, let NEWIV be the increment of SEQ.

6) Case:

a) If <sequence generator max-value option> is specified, then

Case:

i) If NOMAXVALUE is specified, then letNEWMAXbean implementation-defined (ID112)
<signed numeric literal> of declared type DT.
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ii) Otherwise, let NEWMAX be <sequence generator max value>.

b) Otherwise let NEWMAX be the maximum value of SEQ.

7) Case:

a) If <sequence generator min-value option> is specified, then

Case:

i) If NOMINVALUE is specified, then letNEWMIN be an implementation-defined (ID113)
<signed numeric literal> of declared type DT.

ii) Otherwise, let NEWMIN be <sequence generator min value>.

b) Otherwise let NEWMIN be the minimum value of SEQ.

8) If <sequence generator cycle option> is specified, then letNEWCYCLE be <sequence generator cycle
option>; otherwise, let NEWCYCLE be the cycle option of SEQ.

9) Case:

a) If <alter sequence generator restart option> is not specified, then let NEWVAL be the current
base value of SEQ.

b) If <alter sequence generator restart option> is specified and contains a <sequence generator
restart value>, then let NEWVAL be that <sequence generator restart value>.

c) Otherwise (<alter sequence generator restart option> is specified but does not contain a
<sequence generator restart value>), let NEWVAL be the start value of SEQ.

10) The values of NEWIV, NEWMAX, NEWMIN, and NEWVAL shall all be exactly representable with the
precision and scale of DT.

11) The value of NEWMIN shall be less than the value of NEWMAX.

12) The value of NEWVAL shall be greater than or equal to the value of NEWMIN and less than or equal
to the value of NEWMAX.

13) Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause.

Access Rules

None.

General Rules

1) Let OPT be the OPTIONS and let SEQ be the SEQUENCE in an application of the General Rules of this
Subclause.

2) SEQ is modified as follows:

a) The increment is set to NEWIV.

b) The maximum value is set to NEWMAX.

c) The minimum value is set to NEWMIN.

d) The cycle option is set to NEWCYCLE.

e) The current base value is set to NEWVAL.
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3) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.

Conformance Rules

None.
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9.38 Generation of the hierarchical <query expression> of a view

Function

Generate the hierarchical <query expression> of a view.

Subclause Signature

“Generation of the hierarchical <query expression> of a view” [General Rules] (
  Parameter: “VIEW”
)

VIEW— a view.

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let V be the VIEW in an application of the General Rules of this Subclause.

2) Let OQE be the original <query expression> of V.

3) Case:

a) If V has no proper subtables, then let QE be OQE.

b) Otherwise:

i) Let N be the number of proper subtables of V.

ii) Let TN1, ..., TNN be an enumeration of the <table name>s of the proper subtables of V.

iii) Let QE be

OQE
UNION ALL CORRESPONDING

SELECT * FROM ONLY (TN1)
UNION ALL CORRESPONDING
  ...
UNION ALL CORRESPONDING

SELECT * FROM ONLY (TNN)

4) The hierarchical <query expression> in the view descriptor of V is replaced by QE.

5) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.

Conformance Rules

None.
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9.39 Determination of view privileges

Function

Determine the privilege descriptors of the viewwhose action is INSERT, UPDATE, orDELETE. In addition,
determine the view privilege dependency descriptors of the view.

Subclause Signature

“Determination of view privileges” [General Rules] (
  Parameter: “VIEW”
)

VIEW— a view.

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let V be the VIEW in an application of the General Rules of this Subclause.

2) Let A be the <authorization identifier> that owns the schema identified by the implicit or explicit
<schema name> of the <table name> of V.

3) The General Rules of Subclause 9.40, “Determination of view component privileges”, are applied
with V as VIEW; let the set of view component privilege descriptors SVCPD be theDESCRIPTOR SET
returned from the application of those General Rules.

4) A view component privilege descriptor SPD in SVCPD is simply dependent on another privilege
descriptor PD if SPD is immediately dependent on PD, or if there is a view component privilege
descriptor SPD2 such that SPD is immediately dependent on SPD2 and SPD2 is simply dependent
on PD.

5) Let VCN be the view component that is the original <query expression> included in the view
descriptor of V.

a) For each view component table privilege descriptor VCTPD in SVCPDwhose identified object
is VCN:

i) A privilege descriptor PD1 is created, as follows: the identified object is V, the action
is the same as the action of VCTPD, the grantor is the special grantor value "_SYSTEM",
the grantee is A, and the privilege is grantable if and only if VCTPD is grantable.

ii) For each privilege descriptor PD such that VCTPD is simply dependent on PD, and such
that the object of PD is not a view component or a column of a view component, a view
privilege dependency descriptor is created, as follows: the supporting privilege
descriptor is PD and the dependent privilege descriptor is PD1.
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b) For each viewcomponent columnprivilegedescriptorVCCPD in SVCPDwhose identifiedobject
is VCN:

i) A privilege descriptor PD2 is created, as follows: the identified object is the column of
V that is the counterpart of the column identified by VCCPD, the action is the same as
the action of VCCPD, the grantor is the special grantor value "_SYSTEM", the grantee is
A, and the privilege is grantable if and only if VCCPD is grantable.

ii) For each privilege descriptor PD such that VCCPD is simply dependent on PD, and such
that the object of PD is not a view component or a column of a view component, a view
privilege dependency descriptor is created, as follows: the supporting privilege
descriptor is PD and the dependent privilege descriptor is PD2.

6) If, for every column C of V, there is a column privilege descriptor CPDwhose identified object is C,
action is UPDATE, grantor is the special grantor value "_SYSTEM", and grantee is A, then it is
implementation-defined(IA220)whethera tableprivilegedescriptorTPD is createdwhose identified
object is V, action is UPDATE, grantor is the special grantor value "_SYSTEM", grantee is A. If such
a table privilege descriptor is created, then it is directly dependent on every such column privilege
descriptor, and it has an indication that the privilege is grantable if every such column privilege
descriptor has an indication that it is grantable.

If TPD is created, then a collection of view privilege dependency descriptors is created, one for each
column C of V, in which the supporting privilege descriptor is CPD and the dependent privilege
descriptor is TPD.

7) If, for every column C of V, there is a column privilege descriptor CPDwhose identified object is C,
action is INSERT, grantor is the special grantor value "_SYSTEM", grantee is A, then it is implemen-
tation-defined (IA221) whether a table privilege descriptor TPD is created whose identified object
is V, action is INSERT, grantor is the special grantor value "_SYSTEM", grantee is A. If such a table
privilege descriptor is created, then it is directly dependent on every such column privilege
descriptor, and it has an indication that the privilege is grantable if every such column privilege
descriptor has an indication that it is grantable.

If TPD is created, then a collection of view privilege dependency descriptors is created, one for each
column C of V, in which the supporting privilege descriptor is CPD and the dependent privilege
descriptor is TPD.

8) All view component privilege descriptors in SVCPD are destroyed.

9) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.

Conformance Rules

None.
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9.40 Determination of view component privileges

Function

Determine view component privilege descriptors for all view components of a view.

Subclause Signature

“Determination of view component privileges” [General Rules] (
  Parameter: “VIEW”
) Returns: “DESCRIPTOR SET”

VIEW— a view.

DESCRIPTORSET—aset of viewcomponent table privilege descriptors and viewcomponent column
privilege descriptors that describe the privileges defined on VIEW.

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let V be the VIEW in an application of the General Rules of this Subclause. The result of the applic-
ation of this Subclause is returned as DESCRIPTOR SET.

2) Let A be the <authorization identifier> that owns the schema identified by the implicit or explicit
<schema name> of the <table name> of V.

3) Let VC1, ..., VCN be an enumeration of the view components of V. The enumeration shall have the
following properties:

a) For all i and j between 1 (one) and N, if VCi is contained in VCj, then i < j.

b) For all i and j between 1 (one) and N, if VCi is a <query expression> simply contained in a
<with list element> that is simply contained in a <with clause> that does not specify
RECURSIVE and VCj references the table defined by VCi, then i < j.

NOTE 465— A depth-first left-to-right traversal of the BNF of the original <query expression> OQE of V is
one way to obtain such an enumeration. Necessarily, VCN is OQE.

4) If V is effectively updatable, then the following subrules are performed to recursively create certain
view component privilege descriptors. The following subrules also recursively define when a view
component privilege is immediately dependent on another privilege descriptor.

For each i between 1 (one) and N, in that order,

Case:
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a) If VCi is not effectively updatable, then there are no view component privilege descriptors
that identify VCi or any column of VCi as object.

NOTE 466— This case includes <table value constructor>.

b) If VCi is a <query specification>, then

Case:

i) If the <from clause> of VCi contains exactly one <table reference> TR, then:

NOTE 467— By a syntactic transformation in Subclause 7.17, “<query expression>”, this case also
includes <explicit table>.

1) Case:

A) If TR is a <table name> TN or an <only spec> that simply contains a <table
name> TN, then let S be the set of applicable privileges for A on the table
referenced by TN.

B) If TR is a <query name>QN or an <only spec> that simply contains a <query
name>QN, thenQN references some VCj, where j < i. Let S be the set of view
component privilege descriptors whose identified object is VCj or a column
of VCj.

NOTE 468— IfQN is defined in aWITH clause that specifies RECURSIVE, then the table
identified byQN is not effectively updatable, so the <query specification>VCi is also not
effectively updatable, and therefore VCi has no view component privilege descriptors,
by a prior rule.

C) IfTR is a <derived table>or <lateral derived table>, then letQEbe the<query
expression> simply contained in TR. TR is some VCj, where j < i. Let S be the
set of view component privilege descriptors whose identified object is VCj
or a column of VCj.

D) If TR is a <parenthesized joined table>, then let JT be the <joined table>
simply contained in TR. Let QS be the <query specification> obtained from
VCiby replacingTRwith JT. The rules of this Subclause are effectively applied
as if VCiwere replaced by QS.

NOTE 469— This will reclassify VCi as a <query specification> with a <from clause>
containing more than one <table reference>, considered in subsequent rules. The list
of view components VC1, ..., VCN is not changed by this transformation.

NOTE 470—All other cases of <table reference> are not effectively updatable, so they cannot
arise here.

2) If S contains a table privilege descriptor PDwhose action is DELETE, then a view
component table privilege descriptor is created as follows: the identified object
is VCi, the action is DELETE, the grantor is the special grantor value "_SYSTEM",
and the grantee is A. The privilege is grantable if and only if PD indicates a
grantable privilege. The privilege descriptor is immediately dependent on PD.

3) For each updatable column C of VCi, let CC be the counterpart of C in the table
identified by TR.

A) If S contains a column privilege descriptor PDwhose action is UPDATE and
whose object is CC, then a view component column privilege descriptor is
created as follows: the identified object is C, the action is UPDATE, the
grantor is the special grantor value "_SYSTEM", and the grantee is A. The
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privilege is grantable if and only if PD indicates a grantable privilege. The
privilege descriptor is immediately dependent on PD.

B) IfV is insertable-into, and S contains a columnprivilegedescriptorPDwhose
action is INSERT and whose object is CC, then a view component column
privilege descriptor is created as follows: the identifiedobject isC, the action
is INSERT, the grantor is the special grantor value "_SYSTEM", and the
grantee isA. The privilege is grantable if and only if PD indicates a grantable
privilege. The privilege descriptor is immediately dependent on PD.

ii) Otherwise:

1) If, for every target leaf underlying table LUT of VCi, the applicable privileges for
A include DELETE on LUT, then a view component table privilege descriptor is
created whose identified object is VCi, action is DELETE, grantor is the special
grantor value "_SYSTEM", and the grantee is A. The privilege is grantable if and
only if the applicable privileges for A includes grantable DELETE privilege on
each such LUT. The privilege descriptor is immediately dependent on every
privilege descriptorwhose identified object is such a target leaf underlying table,
the action is DELETE, and grantee is A.

2) For each updatable column C of VCi, let LUT be the target leaf underlying table of
VCi that has a counterpart CC to C.

A) If the applicable privileges for A include UPDATE privilege on CC, then a
view component column privilege descriptor VCCPD is created, as follows:
the identified object is C, the action is UPDATE, the grantor is the special
grantor value "_SYSTEM", and the grantee is A. The privilege is grantable if
andonly if the applicableprivilege forA includes grantableUPDATEprivilege
onCC. The privilege descriptor is immediately dependent on every privilege
descriptor whose identified object is CC, action is UPDATE, and grantee is
A.

B) If V is insertable-into, and the applicable privileges for A include INSERT
privilege on CC, then a view component column privilege descriptor VCCPD
is created, as follows: the identified object is C, the action is INSERT, the
grantor is the special grantor value "_SYSTEM", and the grantee is A. The
privilege is grantable if and only if the applicable privilege for A includes
grantable INSERT privilege on CC. The privilege descriptor is immediately
dependent on everyprivilegedescriptorwhose identifiedobject isCC, action
is INSERT, and grantee is A.

c) If VCi is a <query expression>, then

Case:

i) If VCi is a <simple table> ST, then there exists a j < i such that ST is VCj.

1) For each view component table privilege descriptor VCTPD of VCj, a new view
component table privilege descriptor is created, as follows: the identified object
is VCi, the grantor is the special grantor value "_SYSTEM", the grantee is A, and
the action and the indication of whether the privilege is grantable are the same
as in VCTPD. The privilege descriptor is immediately dependent on VCTPD.

2) For each view component column privilege descriptor VCCPD of VCj, a new view
component columnprivilege descriptor ofVCi is created, as follows: the identified
object is the column of VCi that is the counterpart of the column of VCj identified
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by VCCPD, the grantor is the special grantor value "_SYSTEM", the grantee is A,
and the action and the indication of whether the privilege is grantable are the
same as in VCCPD. The privilege descriptor is immediately dependent on VCCPD.

ii) Otherwise, VCi immediately contains UNION ALL. Let VCl and VCr be the left and right
operands of VCi, respectively.

1) If there is a view component table privilege descriptor VCTPDlwhose identified
object is VCl and whose action is DELETE, and there is a view component table
privilege descriptor VCTPDrwhose identified object is VCr and whose action is
DELETE, then a new view component table privilege descriptor is created as fol-
lows: the identified object is VCi, the action is DELETE, the grantor is the special
grantor value "_SYSTEM", the grantee is A, and the privilege is grantable if and
only if both VCTPDl and VCTPDr indicate that the privilege is grantable. The
privilege descriptor is immediately dependent on VCTPDl and VCTPDr.

2) For each updatable column C of VCi, let Cl and Cr be the counterparts of C in VCl
and VCr, respectively. If there is a view component column privilege descriptor
VCCPDlwhose identified object is Cl and whose action is UPDATE, and there is a
view component column privilege descriptor VCCPDrwhose identified object is
Cr and whose action is UPDATE, then a new view component column privilege
descriptor is created as follows: the identified object is C, the action is UPDATE,
the grantor is the special grantor value "_SYSTEM", the grantee is A, and the
privilege is grantable if and only if both VCTPDl and VCCPDr indicate that the
privilege is grantable. The privilege descriptor is immediately dependent on
VCCPDl and VCCPDr.

5) Let SVCPD be the set of view component table privilege descriptors and view component column
privilege descriptors created by the General Rules of this Subclause.

6) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause,
which receives SVCPD as DESCRIPTOR SET.

Conformance Rules

None.
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9.41 Row pattern recognition in a sequence of rows

Function

Find row pattern matches in a sequence of rows.

Subclause Signature

“Row pattern recognition in a sequence of rows” [General Rules] (
  Parameter: “ROW SEQUENCE”, 
  Parameter: “PATTERN”, 
  Parameter: “SUBSETS”, 
  Parameter: “DEFINES”
) Returns: “SET OF MATCHES”

ROW SEQUENCE— a sequence of rows (i.e., a derived table).

PATTERN— a <row pattern>.

SUBSETS— a <row pattern subset clause>.

DEFINES— a <row pattern definition list>.

SET OF MATCHES— a set of “row pattern matches”, each of which comprises an identifier, a sub-
sequence of rows that match the portion of the pattern, and the number of rows in the subsequence.

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let RS be the ROW SEQUENCE, let P be the PATTERN, let S be the SUBSETS, and letD be theDEFINES
in an applicationof theGeneral Rules of this Subclause. The result of the applicationof this Subclause
is returned as SET OF MATCHES.

NOTE471— S, the SUBSETS parameter, is not referenced explicitly in the following rules. The reason for its inclusion
is that it is implicitly required in order to evaluate any <row pattern definition search condition>s that involve union
row pattern variables.

2) Let V be the set of primary row pattern variables in P.

3) Let NP be the number of rows in RS. Let the rows of RS form the sequence R1, R2, ..., RNP.

4) Let "(", ")", "[", "]", "$", "^", and "-" be distinct <identifier>s, known as special symbols, that are not
equivalent to any primary row pattern variable names. In the context of these rules, an <identifier>
string is a finite sequence of primary row pattern variables and special symbols. Various symbols
from set theory, including “{”, “}”, “,”, “|”, and “∪” are used in their set-theoretical meaning to form
expressions denoting sets of <identifier> strings, and are distinct from row pattern variables and
from special symbols.
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5) The variable count of an <identifier> string STR is the number of row pattern variables in STR,
counting duplicates. The variable count of STR is denoted Vcount(STR).

6) For each rowpatternRP, the parenthesized languagePL(RP) and a total ordering (calledpreferment,
as in “STR1 is preferred over STR2”) of PL(RP) are defined recursively as follows:

a) If RP is a <row pattern primary> RPP, then

Case:

i) If RPP is a primary row pattern variable, then PL(RPP) = { RPP }. As a singleton set, no
preferment is defined in PL(RPP).

ii) IfRPP is <dollar sign>, thenPL(RPP) = { "$" }. As a singleton set, no preferment is defined
in PL(RPP).

iii) IfRPP is <circumflex>, thenPL(RPP) = { "^" }. As a singleton set, nopreferment is defined
in PL(RPP).

iv) If RPP is <left paren> <right paren>, then PL(RPP) = { "(" ")" }. As a singleton set, no
preferment is defined in PL(RPP).

v) IfRPP is <left paren> <rowpattern> <right paren>, then letRP be the simply contained
<row pattern>. PL(RPP) = { "(" STR ")" | STR is in PL(RP) }. If "(" STR1 ")" and "(" STR2
")" are twomembers of PL(RPP), then "(" STR1 ")" is preferred over "(" STR2 ")" if STR1
is preferred over STR2.

vi) If RPP is <left brace minus> <row pattern> <right minus brace>, then let RP be the
simply contained <row pattern>. PL(RPP) = { "[" STR "]" | STR is in PL(RP) }. If "[" STR1
"]" and "[" STR2 "]" are twomembers of PL(RPP), then "[" STR1 "]" is preferred over "["
STR2 "]" if STR1 is preferred over STR2.

NOTE 472— The special symbols "[" and "]" correspond to “{-” and “-}” in SQL language. The reason
for using different symbols is to avoid confusion with “{” and “}” used as set-theoretic notation.

b) IfRP is a <rowpattern factor> immediately containing a<rowpatternprimary>RPF and {n,m}
or {n,} is a <row pattern quantifier> greedy, then let nn be the maximum of 0 (zero) and n−1.

i) PL( RPF {n,m}) = { "(" STR1 ... STRp ")" | n ≤ p ≤m; and for all i, 1 (one) ≤ i ≤ p, STRi is in
PL(RPF); and for all i, nn < i < p, Vcount(STRi) > 0 (zero) }.

NOTE 473— An empty match (Vcount(STRi) = 0 (zero)) is permitted in the first nnmatches (STR1
through STRnn) and also in the last match (STRp).

ii) PL(RPF {n,}) = { "(" STR1 ... STRp ")" |n≤ p; and for all i, 1 (one)≤ i≤ p, STRi is inPL(RPF);
and for all i, nn < i < p, Vcount(STRi) > 0 (zero) }.

NOTE 474— An empty match (Vcount(STRi) = 0 (zero)) is permitted in the first nnmatches (STR1
through STRnn) and also in the last match (STRp).

iii) Given two <identifier> strings "(" STRA1 ... STRAp ")" and "(" STRB1 ... STRBq ")" in
PL(RPF greedy), let r be the greatest integer such that r ≥ 0 (zero), r ≤ p, r ≤ q, and for
all s, 1 (one) ≤ s ≤ r, STRAs = STRBs. "(" STRA1 ... STRAp ")" is preferred over "(" STRB1
... STRBq ")" if and only if exactly one of the following is true:

1) r = q and q < p.

2) r < q, r < p, and STRAr+1 is preferred over STRBr+1.

Otherwise, "(" STRB1 ... STRBq ")" is preferred over "(" STRA1 ... STRAp ")".
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NOTE 475— r is the length of the longest initial substring of STRA and STRB on which they are
equivalent. rmight be zero, in which case STRA and STRB have no common initial substring aside
from the zero-length character string. STRA is preferred over STRB if STRB is an initial substring of
STRA, or if the first component of STRA that differs from the corresponding component of STRB is
preferred over its corresponding component.

c) If RP is a <row pattern factor> immediately containing a <row pattern primary> RPF and
{n,m}? or {n,}? is a <row pattern quantifier> reluctant, then:

i) PL( RPF {n,m}?) = PL(RPF {n,m})

ii) PL( RPF {n,}?) = PL(RPF {n,})

iii) Given two <identifier> strings "(" STRA1 ... STRAp ")" and "(" STRB1 ... STRBq ")" in
PL(RPF reluctant), let r be the greatest integer such that r ≥ 0 (zero), r ≤ p, r ≤ q, and
for all s, 1 (one)≤ s≤ r, STRAs = STRBs. "(" STRA1 ... STRAp ")" is preferred over "(" STRB1
... STRBq ")" if and only if exactly one of the following is true:

1) r = p and p < q

2) r < q, r < p, and STRAr+1 is preferred over STRBr+1

Otherwise, "(" STRB1 ... STRBq ")" is preferred over "(" STRA1 ... STRAp ")".

NOTE 476— r is the length of the longest initial substring of STRA and STRB on which they are
equivalent. rmight be zero, in which case STRA and STRB have no common initial substring aside
from the zero-length character string. STRA is preferred over STRB if STRA is an initial substring of
STRB, or if the first component of STRA that differs from the corresponding component of STRB is
preferred over its corresponding component.

d) IfRP is a concatenationRPTRPF, whereRPT is a <rowpattern term>andRPF is a <rowpattern
factor>, then PL( RPT RPF) = { "(" STR1 STR2 ")" | STR1 is in PL(RPT) and STR2 is in PL(RPF)
}. Given two <identifier> strings "(" STRA1 STRA2 ")" and "(" STRB1 STRB2 ")", "(" STRA1 STRA2
")" is preferred over "(" STRB1 STRB2 ")" if either STRA1 is preferred over STRB1 or if STRA1
is equivalent to STRB1 and STRA2 is preferred over STRB2.

NOTE 477— Consider the pattern (A|B)(C|D). In order of preferment, the <identifier> strings in the paren-
thesized language are:

"(" A C ")"
"(" A D ")"
"(" B C ")"
"(" B D ")"

e) If RP is a <row pattern alternation>, then let RP1 be the first operand (the simply contained
<rowpattern>) and letRP2be the secondoperand (the simply contained<rowpattern term>).

i) PL(RP) = { "(" STR1 "-" ")" | STR1 is in PL(RP1) } ∪ { "(" "-" STR2 ")" | STR2 is in PL(RP2)
}

ii) Everymember of { "(" STR1 "-" ")" | STR1 is inPL(RP1) } is preferred over everymember
of { "(" "-" STR2 ")" | STR2 is in PL(RP2) }.

iii) Given two <identifier> strings "(" STRA "-" ")" and "(" STRB "-" ")" in PL(RP), "(" STRA
"-" ")" is preferred over "(" STRB "-" ")" if STRA is preferred over STRB.

iv) Given two <identifier> strings "(" "-" STRA ")" and "(" "-" STRB ")" in PL(RP), "(" "-"
STRA ")" is preferred over "(" "-" STRB ")" if STRA is preferred over STRB.

7) A potential row pattern match (STR, RS, k) consists of an <identifier> string STR in PL(RP), a row
sequence RS = {R1, R2, ..., RNP }, and a positive integer k such that k + Vcount(STR) − 1 ≤ NP. k is
called the initial row number of the potential row pattern match.
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8) Given a potential rowpatternmatch (STR,RS, k), letVj, 1 (one)≤ j≤Vcount(STR), be an enumeration
of the primary row pattern variables in STR, in order of occurrence in STR, and with duplicates. For
all j, 1 (one) ≤ j ≤ Vcount(STR), row Rk+j−1 in the row sequence RS is mapped to the primary row
pattern variable Vj, and to each union row pattern variable that has Vj as a component.

9) A candidate row pattern match is a potential row pattern match (STR, RS, k) such that all of the fol-
lowing are true:

a) For all j, 1 (one) ≤ j ≤ Vcount(STR), the value of the <row pattern definition search condition>
contained in D that defines Vj is True for the row Rk+j−1 that is mapped to Vj.

b) If STR contains "^", then no row pattern variable precedes "^" in STR, and k = 1 (one).

c) If STR contains "$", then no row pattern variable follows "$" in STR, and k + Vcount(STR) − 1
= NP.

10) A preferred row pattern match is a candidate row pattern match (STR, RS, k) such that there is no
<identifier> string STRB that is preferred over STR and (STRB, RS, k) is a candidate row pattern
match.

11) Let SM be the set of all preferred matches.

12) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause,
which receives SM as SET OF MATCHES.

Conformance Rules

None.
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9.42 Parsing JSON text

Function

Convert a JSON text to an SQL/JSON item.

Subclause Signature

“Parsing JSON text” [General Rules] (
  Parameter: “JSON TEXT”, 
  Parameter: “FORMAT OPTION”, 
  Parameter: “UNIQUENESS CONSTRAINT”
) Returns: “STATUS” and “SQL/JSON ITEM”

JSON TEXT— a character string that is the JSON text to be parsed.

FORMATOPTION—avalue indicating how JSONTEXTmust be parsed (JSON implies that JSONTEXT
is parsed using JSON rules; other content implies using rules other than JSON rules).

UNIQUENESS CONSTRAINT— a value indicating whether or not two parsed JSON members are
permitted to have equivalent key values (WITH UNIQUE KEYS specifies that no duplicate values are
allowed).

STATUS— an SQLSTATE value that indicates the success or reason for failure of the attempt to parse
JSON TEXT.

SQL/JSON ITEM— the SQL/JSON item produced by a successful parse of JSON TEXT.

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let JVbe the JSONTEXT, let FObe the FORMATOPTION, and letUCbe theUNIQUENESS CONSTRAINT
in an applicationof theGeneral Rules of this Subclause. The result of the applicationof this Subclause
is returned as STATUS and SQL/JSON ITEM.

2) Let ST be the condition successful completion (00000).

3) Case:

a) If FO is JSON, then:

i) Case:

1) If JV is a character string, then let ENC be the Unicode encoding of JV.

2) Otherwise,

Case:
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A) If FO contains an explicit encoding, then let ENC be that encoding.

B) Otherwise, let ENC be an implementation-defined (IA222) encoding.
NOTE 478— One way an SQL-implementation could determine the encoding is using
the scheme specified in Section 3, “Encoding”, in RFC 4627.

ii) JV is parsed according to the grammar of Section2, “JSONgrammar”, in RFC8259, using
the encoding ENC.

iii) Case:

1) If JV is not a JSON text, then let ST be the exception condition: data exception—
invalid JSON text (22032).

2) If UC is WITH UNIQUE KEYS and JV contains a JSON object that has two JSON
memberswhose keys are equivalent, then let ST be the exception condition: data
exception— non-unique keys in a JSON object (22037).

3) Otherwise:

A) The function F transforming a JSON text fragment J to an SQL/JSON item is
defined recursively according to the grammarof Section2, “JSONgrammar”,
in RFC 8259, as follows:

I) If J is the JSON literal false, then F(J) is the truth value False.

II) If J is the JSON literal true, then F(J) is the truth value True.

III) If J is the JSON literal null, then F(J) is the SQL/JSON null value.

IV) If J is a JSON number, then F(J) is the value of the <signed numeric
literal> whose characters are identical to J.

V) If J is a JSON string, then F(J) is an SQL character string whose char-
acter set is Unicode and whose characters are the ones enclosed by
quotation marks in J after replacing any escape sequences by their
unescaped equivalents.

VI) If J is a JSON array, then F(J) is the SQL/JSON array whose elements
are obtained by applying the transform F to each element of J in turn.

VII) If J is a JSONmember K:V, then F(J) is the SQL/JSONmember whose
key is F(K) and whose bound value is F(V).

VIII) If J is a JSON object, then:

1) LetM1, ...,Mmbe themembers of J, enumerated in an implemen-
tation-dependent (US039) order. For all i, 1 (one) ≤ i ≤m, let
Ki be the key and let Vi be the bound value ofMi. Let SJMi be the
SQL/JSONmember whose key is F(Ki) and whose bound value
is F(Vi).

2) It is implementation-dependent (UA057) whether members
with redundant duplicate keys are removed. If the implemen-
tation-dependent (UA057) choice is to delete members with
redundant duplicate keys, then for all i, 1 (one) ≤ i ≤m, and all
j, 1 (one) ≤ j ≤m, i ≠ j, if Ki is equivalent to Kj, an implemen-
tation-dependent (UA057) choice ofMi orMj is removed from
the list of members of J.

722 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
9.42 Parsing JSON text

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


3) F(J) is the SQL/JSON object whosemembers are SJM1, ..., SJMm.

B) Let SJI be F(JV).

b) Otherwise, let SJIbe theSQL/JSON itemobtainedusing implementation-defined (IA070) rules
for parsing JV according to format FO and uniqueness constraintUC. If there is an error during
this conversion, then let ST be an implementation-defined (IC015) exception condition.

4) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause,
which receives ST as STATUS and SJI as SQL/JSON ITEM.

Conformance Rules

None.
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9.43 Serializing an SQL/JSON item

Function

Serialize an SQL/JSON item as a JSON text.

Subclause Signature

“Serializing an SQL/JSON item” [Syntax Rules] (
  Parameter: “FORMAT OPTION”, 
  Parameter: “TARGET TYPE”
)

FORMAT OPTION— a value indicating how an SQL/JSON itemmust be serialized into a character or
binary string (JSON implies serialization using JSON rules; other content implies rules other than
JSON rules).

TARGET TYPE— the data type specified for the serialized result.

“Serializing an SQL/JSON item” [General Rules] (
  Parameter: “SQL/JSON ITEM”, 
  Parameter: “FORMAT OPTION”, 
  Parameter: “TARGET TYPE”
) Returns: “STATUS” and “JSON TEXT”

SQL/JSON ITEM— an SQL/JSON item to be serialized.

FORMAT OPTION— a value indicating how an SQL/JSON itemmust be serialized into a character or
binary string (JSON implies serialization using JSON rules; other content implies using rules other
than JSON rules).

TARGET TYPE— the data type specified for the serialized result.

STATUS— an SQLSTATE value that indicates the success or reason for failure of the attempt to
serialize SQL/JSON ITEM.

JSON TEXT— the serialized representation of SQL/JSON ITEM.

Syntax Rules

1) Let FO be the FORMAT OPTION and let TT be the TARGET TYPE in an application of the Syntax Rules
of this Subclause.

2) Case:

a) If FO contains JSON, then TT shall be either a character string type or a binary string type. If
TT is a character string type, then the character set of TT shall be a Universal Character Set.

b) Otherwise,TT shall be an implementation-defined (IV163)data type appropriate to the format
identified by FO.

Access Rules

None.
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General Rules

1) Let SJI be the SQL/JSON ITEM, let FO be the FORMAT OPTION, and let TT be the TARGET TYPE in an
application of the General Rules of this Subclause. The result of the application of this Subclause is
returned as STATUS and JSON TEXT.

2) Case:

a) If FO contains JSON then:

i) Case:

1) If TT is a character string type, then let ENC be the Unicode encoding of TT.

2) If TT is a binary string type, then let ENC be UTF8, UTF16, or UTF32, as specified
in the <JSON representation> contained in FO.

ii) Let JV be an implementation-dependent (UV097) value of type TT and encoding ENC
such that these two conditions hold:

1) JV is a JSON text.

2) When the General Rules of Subclause 9.42, “Parsing JSON text”, are applied with
JV as JSON TEXT, FO as FORMAT OPTION, and WITHOUT UNIQUE KEYS as
UNIQUENESS CONSTRAINT; let CST be the STATUS and let CSJI be the SQL/JSON
ITEM returned from the application of those General Rules, CST is successful
completion (00000) and CSJI is an SQL/JSON item that is equivalent to SJI.

If there is no such JV, then let ST be the exception condition: data exception— invalid
JSON text (22032).

iii) If JV is longer than the length or maximum length of TT, then an exception condition is
raised: data exception— string data, right truncation (22001).

b) Otherwise, let JV be an implementation-defined (IV095) value such that, when the General
Rules of Subclause 9.42, “Parsing JSON text”, are applied with JV as JSON TEXT, FO as FORMAT
OPTION, and an implementation-defined (IV164) <JSON key uniqueness constraint> as
UNIQUENESS CONSTRAINT; let CST be the STATUS and let CSJI be the SQL/JSON ITEM returned
from the application of those General Rules, CST is successful completion (00000) and CSJI is
an SQL/JSON item that is equivalent to SJI according to an implementation-defined (IW149)
definition of this equivalence. If there is no such JV, then let ST be the exception condition data
exception— invalid JSON text (22032).

3) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause,
which receives ST as STATUS and JV as JSON TEXT.

Conformance Rules

None.
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9.44 Converting an SQL/JSON sequence to an SQL/JSON item

Function

Convert an SQL/JSON sequence to an SQL/JSON item.

Subclause Signature

“Converting an SQL/JSON sequence to an SQL/JSON item” [General Rules] (
  Parameter: “STATUS IN”, 
  Parameter: “SQL/JSON SEQUENCE”, 
  Parameter: “WRAPPER BEHAVIOR”, 
  Parameter: “EMPTY BEHAVIOR”, 
  Parameter: “ERROR BEHAVIOR”
) Returns: “STATUS OUT” and “VALUE”

STATUS IN— an SQLSTATE value submitted to an invocation of this subclause using this signature.

SQL/JSON SEQUENCE— an SQL/JSON sequence.

WRAPPER BEHAVIOR— an indication of whether the SQL/JSON SEQUENCE is to be “wrapped” in
anSQL/JSONarray (WITHUNCONDITIONALARRAYorWITHCONDITIONALARRAY)ornot (WITHOUT
ARRAY).

EMPTY BEHAVIOR— an indication of the manner in which to behave if the SQL/JSON SEQUENCE is
empty (ERROR, EMPTY ARRAY, or EMPTY OBJECT).

ERROR BEHAVIOR— an indication of the manner in which to behave if an exception condition is
raised (ERROR, NULL, EMPTY ARRAY, or EMPTY OBJECT).

STATUS OUT— an SQLSTATE value that indicates the success or reason for failure of the conversion
attempt.

VALUE— the resulting SQL/JSON item, if successful.

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let INST be the STATUS IN, let SEQ be the SQL/JSON SEQUENCE, letWRAPPER be theWRAPPER
BEHAVIOR, let ONEMPTY be the EMPTY BEHAVIOR, and let ONERROR be the ERROR BEHAVIOR in
an application of the General Rules of this Subclause. The result of the application of this Subclause
is returned as STATUS OUT and VALUE.

2) Except where explicitly specified, the General Rules of this Subclause are not terminated if an
exception condition is raised.

3) Let TEMPST be INST.
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4) If TEMPST is successful completion (00000), then:

a) Case:

i) If the length of SEQ is 0 (zero), then letWRAPIT be False.
NOTE 479— This ensures that the ON EMPTY behavior supersedes the WRAPPER behavior.

ii) IfWRAPPER is WITHOUT ARRAY, then letWRAPIT be False.

iii) IfWRAPPER isWITH UNCONDITIONAL ARRAY, then letWRAPIT be True.

iv) IfWRAPPER is WITH CONDITIONAL ARRAY, then

Case:

1) If SEQ has a single SQL/JSON item, then letWRAPIT be False.

2) Otherwise, letWRAPIT be True.

b) Case:

i) IfWRAPIT is False, then let SEQ2 be SEQ.

ii) Otherwise, let SEQ2 be an SQL/JSON sequence with a single SQL/JSON item that is an
SQL/JSONarraywhose elements are the itemsof SEQ, preserving the order of the items
in the resulting array.

c) Case:

i) If the length of SEQ2 is 0 (zero), then

Case:

1) IfONEMPTY is ERROR, then letTEMPSTbe the exception conditiondata exception
— no SQL/JSON item (22035).

2) IfONEMPTY is EMPTYARRAY, then letVbe an SQL/JSONarraywith no SQL/JSON
elements.

3) IfONEMPTY is EMPTYOBJECT, then letVbeanSQL/JSONobjectwithnoSQL/JSON
members.

NOTE 480— The case when ONEMPTY is NULL is handled later in these General Rules.

ii) If the length of SEQ2 is 1 (one), then let V be the only SQL/JSON item in SEQ2.

iii) Otherwise, let TEMPST be the exception condition data exception—more than one
SQL/JSON item (22034).

5) Case:

a) If TEMPST is successful completion (00000), then

Case:

i) If the length of SEQ2 is 0 (zero) and ONEMPTY is NULL, then let JV be the null value.

ii) Otherwise, let JV be V.

b) If TEMPST is an exception condition, then

Case:

i) If ONERROR is ERROR, then let OUTST be TEMPST.
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ii) Otherwise, let OUTST be successful completion (00000).

Case:

1) If ONERROR is NULL, then let JV be the null value.

2) If ONERROR is EMPTY ARRAY, then let JV be an SQL/JSON array that has no
SQL/JSON elements.

3) If ONERROR is EMPTY OBJECT, then let JV be an SQL/JSON object that has no
SQL/JSONmembers.

6) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause,
which receives OUTST as STATUS OUT and JV as VALUE.

Conformance Rules

None.
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9.45 SQL/JSON path language: lexical elements

Function

Specify the lexical analysis of the SQL/JSON path language.

Format
<SQL/JSON special symbol> ::=

<alternative not equals operator>
| <asterisk>
| <at sign>
| <comma>
| <dollar sign>
| <double ampersand>
| <double equals>
| <double vertical bar>
| <exclamation mark>
| <greater than operator>
| <greater than or equals operator>
| <left bracket>
| <left paren>
| <less than operator>
| <less than or equals operator>
| <minus sign>
| <not equals operator>
| <percent>
| <period>
| <plus sign>
| <question mark>
| <right bracket>
| <right paren>
| <solidus>

<alternative not equals operator> ::=
!= !! <U+0021, U+003D>

<at sign> ::=
@ !! U+0040

<double ampersand> ::=
&& !! <U+0026, U+0026>

<double equals> ::=
== !! <U+003D, U+003D>

<double vertical bar> ::=
|| !! <U+007C, U+007C>

<exclamation mark> ::=
! !! U+0021

<SQL/JSON key word> ::=
abs

| bigint
| boolean
| ceiling
| date
| datetime
| decimal
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| double
| exists
| false
| flag
| floor
| integer
| is
| keyvalue
| last
| lax
| like_regex
| null
| number
| size
| starts
| strict
| string
| time
| time_tz
| timestamp
| timestamp_tz
| to
| true
| type
| unknown
| with

<JSON path literal> ::=
!! See the Syntax Rules.

<JSON path string literal> ::=
!! See the Syntax Rules.

<JSON path numeric literal> ::=
!! See the Syntax Rules.

<JSON path identifier> ::=
!! See the Syntax Rules.

<JSON path key name> ::=
!! See the Syntax Rules.

Syntax Rules

1) SQL/JSONpath language adopts the conventions in ECMAScript Language Specification 5.1 Edition,
section 6, “Source text”, regarding the source text of an SQL/JSON path expression, and escape
sequences used in that source text.

NOTE 481— Thus, an SQL/JSON path expression is assumed to be in Unicode. An SQL-implementation can provide
a conversion to Unicode if the SQL/JSON path expression is written in a character string of some other character set;
any such conversion is outside the scope of this document.

2) SQL/JSONpath language adopts the lexical rules of ECMAScript Language Specification 5.1 Edition,
section5.1.2, “Lexical andRegExpgrammars”, and section7, “Lexical conventions”,with the following
modifications:

a) Support for any feature relevant to the lexical rules not defined in ECMAScript Language
Specification 5.1 Edition, but defined in a later edition, is implementation-defined (IA039).

NOTE 482— For example, support for DecimalBigIntegerLiteral as specified in ECMAScript Language Spe-
cification 13th Edition, is implementation-defined (IA039).
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b) Theonly goal symbol is InputElementDiv (modifies section7, “Lexical conventions”, paragraph
2).

c) There are no comments (modifies section 7.4, “Comments”).

d) There are no reserved words (modifies section 7.6.1, “Reserved words”).
NOTE 483— Lexically, the only issue is whether a token that matches an <SQL/JSON key word> is a <JSON
path key name> or in fact a key word. This can be decided by observing that a <JSON path key name> cannot
be followed by a <left paren>.

e) The following are additional punctuators: @ (modifies section 7.7, “Punctuators”).

f) There is no RegularExpressionLiteral (modifies section 7.8.5, “Regular expression literals”).
NOTE 484— SQL/JSON path language uses SQL regular expressions in the <JSON like_regex predicate>, not
ECMAScript Language Specification 5.1 Edition regular expressions.

g) There is no automatic semicolon insertion (modifies section 7.9, “Automatic semicolon
insertion”).

NOTE 485— It follows that SQL/JSON path language is case-sensitive in both identifiers and key words. Unlike SQL,
there are no “quoted” identifiers, and there is no automatic conversion of any identifiers to upper-case.

3) SQL/JSON grammar is stated with BNF non-terminals enclosed in angle brackets “< >”. The corres-
pondences between SQL/JSON BNF non-terminals and ECMAScript Language Specification 5.1
Edition BNF non-terminals that apply are described in Table 19, “SQL/JSON and ECMAScript cor-
respondences”.

Table 19— SQL/JSON and ECMAScript correspondences

ECMAScriptSQL/JSON path language

Literal<JSON path literal>

NumericLiteral<JSON path numeric literal>

StringLiteral<JSON path string literal>

Identifier<JSON path identifier>

4) A <JSON path identifier> is classified as follows.

Case:

a) A <JSON path identifier> that is a <dollar sign> is a <JSON path context variable>.

b) A <JSON path identifier> that begins with <dollar sign> is a <JSON path named variable>.

c) Otherwise, a <JSON path identifier> is a <JSON path key name>.

Access Rules

None.

General Rules

1) The value of a <JSON path literal> is determined as follows:
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The value of a <JSON path numeric literal> JPNL is the value of the <signed numeric literal>
whose characters are identical to JPNL.

a)

b) The value of a <JSON path string literal> JPSL is an SQL character string whose character set
is Unicode and whose characters are the ones enclosed by single or double quotation marks
(but excluding thesedelimiters) in JPSL after replacing all escape sequencesby their unescaped
equivalents.

c) The value of null is the SQL/JSON null.

d) The value of true is True.

e) The value of false is False.

Conformance Rules

1) WithoutFeatureT840, “Hex integer literals in SQL/JSONpath language”, in conformingSQL language,
there is no HexIntegerLiteral in the SQL/JSON path language.
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9.46 SQL/JSON path language: syntax and semantics

Function

Specify the syntax and semantics of SQL/JSON path language.

Subclause Signature

“SQL/JSON path language: syntax and semantics” [Syntax Rules] (
  Parameter: “PATH SPECIFICATION”, 
  Parameter: “PASSING CLAUSE”
)

PATH SPECIFICATION— a <JSON path expression>.

PASSING CLAUSE— a <JSON passing clause>.

“SQL/JSON path language: syntax and semantics” [General Rules] (
  Parameter: “PATH SPECIFICATION”, 
  Parameter: “CONTEXT ITEM”, 
  Parameter: “ALREADY PARSED”, 
  Parameter: “PASSING CLAUSE”
) Returns: “STATUS” and “SQL/JSON SEQUENCE”

PATH SPECIFICATION— a <JSON path expression>.

CONTEXT ITEM— an SQL/JSON context item.

ALREADY PARSED— True if the SQL/JSON item identified by CONTEXT ITEM has been parsed; False
otherwise.

PASSING CLAUSE— a <JSON passing clause>.

STATUS— an SQLSTATE value that indicates the success or reason for failure of the invocation of
this subclause using this signature.

SQL/JSON SEQUENCE— an SQL/JSON sequence comprising zero or more SQL/JSON items that is
the result of invoking this subclause using this signature.

Format
<JSON path expression> ::=
<JSON path mode> <JSON path wff>

<JSON path mode> ::=
strict | lax

<JSON path primary> ::=
<JSON path literal>

| <JSON path variable>
| <left paren> <JSON path wff> <right paren>

<JSON path variable> ::=
<JSON path context variable>

| <JSON path named variable>
| <at sign>
| <JSON last subscript>
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<JSON path context variable> ::=
<dollar sign>

<JSON path named variable> ::=
<dollar sign> <JSON path identifier>

<JSON last subscript> ::=
last

<JSON accessor expression> ::=
<JSON path primary>

| <JSON accessor expression> <JSON accessor op>

<JSON accessor op> ::=
<JSON member accessor>

| <JSON wildcard member accessor>
| <JSON array accessor>
| <JSON wildcard array accessor>
| <JSON filter expression>
| <JSON item method>

<JSON member accessor> ::=
<period> <JSON path key name>

| <period> <JSON path string literal>

NOTE 486— Unlike ECMAScript Language Specification 5.1 Edition, SQL/JSON path language does not provide a member
accessor using brackets that enclose a character string.

<JSON wildcard member accessor> ::=
<period> <asterisk>

<JSON array accessor> ::=
<left bracket> <JSON subscript list> <right bracket>

<JSON subscript list> ::=
<JSON subscript> [ { <comma> <JSON subscript> }... ]

<JSON subscript> ::=
<JSON path wff 1>

| <JSON path wff 2> to <JSON path wff 3>

<JSON path wff 1> ::=
<JSON path wff>

<JSON path wff 2> ::=
<JSON path wff>

<JSON path wff 3> ::=
<JSON path wff>

<JSON wildcard array accessor> ::=
<left bracket> <asterisk> <right bracket>

<JSON filter expression> ::=
<question mark> <left paren> <JSON path predicate> <right paren>

NOTE 487— Unlike ECMAScript Language Specification 5.1 Edition, predicates are not expressions; instead they form a
separate language that can only be invoked within a <JSON filter expression>.

<JSON item method> ::=
<period> <JSON method>

<JSON method> ::=
type <left paren> <right paren>

| size <left paren> <right paren>
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| double <left paren> <right paren>
| ceiling <left paren> <right paren>
| floor <left paren> <right paren>
| abs <left paren> <right paren>
| datetime <left paren> [ <JSON datetime template> ] <right paren>
| keyvalue <left paren> <right paren>
| bigint <left paren> <right paren>
| boolean <left paren> <right paren>
| date <left paren> <right paren>
| decimal <left paren> [ <precision> [ <comma> <scale> ] ] <right paren>
| integer <left paren> <right paren>
| number <left paren> <right paren>
| string <left paren> <right paren>
| time <left paren> [ <time precision> ] <right paren>
| time_tz <left paren> [ <time precision> ] <right paren>
| timestamp <left paren> [ <timestamp precision> ] <right paren>
| timestamp_tz <left paren> [ <timestamp precision> ] <right paren>

<JSON datetime template> ::=
<JSON path string literal>

<JSON unary expression> ::=
<JSON accessor expression>

| <plus sign> <JSON unary expression>
| <minus sign> <JSON unary expression>

<JSON multiplicative expression> ::=
<JSON unary expression>

| <JSON multiplicative expression> <asterisk> <JSON unary expression>
| <JSON multiplicative expression> <solidus> <JSON unary expression>
| <JSON multiplicative expression> <percent> <JSON unary expression>

<JSON additive expression> ::=
<JSON multiplicative expression>

| <JSON additive expression> <plus sign> <JSON multiplicative expression>
| <JSON additive expression> <minus sign> <JSON multiplicative expression>

<JSON path wff> ::=
<JSON additive expression>

NOTE 488— This concludes the main language for JSON path expressions. Next comes the language for predicates, used
only in <JSON filter expression>.

<JSON predicate primary> ::=
<JSON delimited predicate>

| <JSON non-delimited predicate>

<JSON delimited predicate> ::=
<JSON exists path predicate>

| <left paren> <JSON path predicate> <right paren>

<JSON non-delimited predicate> ::=
<JSON comparison predicate>

| <JSON like_regex predicate>
| <JSON starts with predicate>
| <JSON unknown predicate>

<JSON exists path predicate> ::=
exists <left paren> <JSON path wff> <right paren>

<JSON comparison predicate> ::=
<JSON path wff> <JSON comp op> <JSON path wff>

NOTE 489— Comparison operators are not left associative, unlike ECMAScript Language Specification 5.1 Edition.
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<JSON comp op> ::=
<double equals>

| <JSON path not equals operator>
| <less than operator>
| <greater than operator>
| <less than or equals operator>
| <greater than or equals operator>

NOTE 490—Equality operators have the same precedence as inequality comparison operators, unlike ECMAScript Language
Specification 5.1 Edition.

<JSON path not equals operator> ::=
<not equals operator>

| <alternative not equals operator>

<JSON like_regex predicate> ::=
<JSON path wff> like_regex <JSON like_regex pattern>
    [ flag <JSON like_regex flags> ]

<JSON like_regex pattern> ::=
<JSON path string literal>

<JSON like_regex flags> ::=
<JSON path string literal>

<JSON starts with predicate> ::=
<JSON starts with whole> starts with <JSON starts with initial>

<JSON starts with whole> ::=
<JSON path wff>

<JSON starts with initial> ::=
<JSON path string literal>

| <JSON path named variable>

<JSON unknown predicate> ::=
<left paren> <JSON path predicate> <right paren> is unknown

<JSON boolean negation> ::=
<JSON predicate primary>

| <exclamation mark> <JSON delimited predicate>

<JSON boolean conjunction> ::=
<JSON boolean negation>

| <JSON boolean conjunction> <double ampersand> <JSON boolean negation>

<JSON boolean disjunction> ::=
<JSON boolean conjunction>

| <JSON boolean disjunction> <double vertical bar> <JSON boolean conjunction>

<JSON path predicate> ::=
<JSON boolean disjunction>

Syntax Rules

1) Let P be the PATH SPECIFICATION and let PC be the PASSING CLAUSE in an application of the Syntax
Rules of this Subclause.

2) Let N be the number of <JSON argument>s contained in PC. For i, 1 (one) ≤ i ≤ N, let JAi be those
<JSON argument>s, let VEi be the <value expression> simply contained in JAi, and let IDi be the
<identifier> immediately contained in JAi.
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3) P shall conform to <JSON path expression>, using the lexical rules specified in Subclause 9.45,
“SQL/JSON path language: lexical elements”.

4) For every <JSON path named variable> JPNV contained in P, the <JSON path identifier> contained
in JPNV shall be equivalent to IDi for some i, 1 (one) ≤ i ≤ N.

5) A <JSON path primary> that is an <at sign> shall be contained in a <JSON path predicate>.

6) A <JSON last subscript> shall be contained in a <JSON subscript>.

7) If <JSON like_regex predicate> JLP is specified, then the value of <JSON like_regex pattern> shall be
an XQuery regular expression. If JLP simply contains <JSON like_regex flags> JLF, then the value of
JLF shall be an XQuery option flag.

8) If <JSON starts with initial> is a <JSON path named variable> JPNV, then JPNV shall be equivalent
to some IDi for some i, 1 (one) ≤ i ≤ N, such that the declared type of VEi is a character string type
and JAi does not have an implicit or explicit <JSON input clause>.

9) P shall not be such that an implementation-defined (IA223) syntactic analysis of P determines that
the evaluation of P according to the General Rules of this Subclause would raise an exception con-
dition.

NOTE 491— For example, if P is 'strict $[last+1]', an exception condition would certainly be raised according
to the General Rules. The preceding rule allows the SQL-implementation to treat this as a violation of the Syntax
Rules.

10) If <JSON datetime template> JDT is specified, then the value of JDT shall conform to the lexical
grammar of a <datetime template> in the Format of Subclause 9.52, “Datetime templates”.

a) If JDT contains <datetime template year>, <datetime template rounded year>, <datetime
template month>, <datetime template day of month>, or <datetime template day of year>,
then JDT is dated.

b) If JDT contains<datetime template12-hour>, <datetime template24-hour>, <datetime template
minute>, <datetime template secondofminute>, <datetime template secondofday>, <datetime
template fraction>, or <datetime template am/pm>, then JDT is timed.

The fractional seconds precision FSP of JDT is

Case:

i) If JDT contains <datetime template fraction> FF1, FF2, FF3, FF4, FF5, FF6, FF7, FF8, or
FF9, then 1 (one), 2, 3, 4, 5, 6, 7, 8, or 9, respectively.

ii) Otherwise, 0 (zero).

c) If JDT contains <datetime template time zonehour>or <datetime template time zoneminute>,
then JDT is zoned.

d) If JDT is zoned, then JDT shall be timed.

e) JDT shall be dated or timed or both.

f) The implicit datetime data type IDT of JDT is

Case:

i) If JDT is dated, timed, and zoned, then TIMESTAMP (FSP) WITH TIME ZONE.

ii) If JDT is dated, timed, and not zoned, then TIMESTAMP (FSP) WITHOUT TIME ZONE.

iii) If JDT is timed and zoned, then TIME (FSP) WITH TIME ZONE.
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iv) If JDT is timed and not zoned, then TIME (FSP) WITHOUT TIME ZONE.

v) If JDT is dated but not timed and not zoned, then DATE.

g) Let Lbe themaximum template length of JDT as definedby the SyntaxRules of Subclause 9.50,
“Converting a datetime to a formatted character string”. LetCSTbe a variable-length character
string type of maximum length L and character set Unicode.

h) The Syntax Rules of Subclause 9.51, “Converting a formatted character string to a datetime”,
are applied with IDT as DATETIME TYPE, JDT as TEMPLATE, and CST as CHARACTER STRING
TYPE.

11) Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause.

Access Rules

None.

General Rules

1) LetPbe thePATHSPECIFICATION, let CIbe theCONTEXT ITEM, letPARSEDbe theALREADYPARSED,
and let PC be the PASSING CLAUSE in an application of the General Rules of this Subclause. The
result of the application of this Subclause is returned as STATUS and SQL/JSON SEQUENCE. .

2) Let ST be the completion condition successful completion (00000).

3) Let JT be the value of the <value expression> contained in CI and let FO be the explicit or implicit
<JSON input clause> contained in CI.

4) If the declared type of JT is not JSON and PARSED is False, then it is implementation-defined (IA050)
whether the following rules are applied:

a) The General Rules of Subclause 9.42, “Parsing JSON text”, are applied with JT as JSON TEXT,
an implementation-defined (IV185) <JSON key uniqueness constraint> as UNIQUENESS
CONSTRAINT, and FO as FORMAT OPTION; let ST be the STATUS and let CISJI be the SQL/JSON
ITEM returned from the application of those General Rules.

b) If ST is not successful completion (00000), then ST is returned as the STATUS of this application
of these General Rules, and no further General Rules of this Subclause are applied.

5) It is implementation-defined (IA054) whether the following rules are applied:

a) Let N be the number of <JSON argument>s contained in PC.

b) For all i, 1 (one) ≤ i ≤ N:

i) Let JAi be the i-th <JSON argument> contained in PC.

ii) If JAi contains an implicit or explicit <JSON input clause> JAFOi, then letVEi be the value
of the <value expression> contained in JAi. If the declared type of VEi is not JSON, then:

1) The General Rules of Subclause 9.42, “Parsing JSON text”, are applied with VEi as
JSONTEXT, an implementation-defined(IV185)<JSONkeyuniqueness constraint>
asUNIQUENESSCONSTRAINT, and JAFOi asFORMATOPTION; letVVibe the STATUS
and let STi be the SQL/JSON ITEM returned from the application of those General
Rules.
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2) If STi is not successful completion (00000), then STi is returned as the STATUS of
these General Rules, and no further General Rules of this Subclause are applied.

6) LetMODE be the <JSON path mode> contained in P, and letWFF be the <JSON path wff> contained
in P.

7) Let the functionWrap(SEQ), where SEQ is some SQL/JSON sequence, be defined as follows:

a) Let n be the number of SQL/JSON items in SEQ.

b) For each j, 1 (one) ≤ j ≤ n, let Ij be the j-th SQL/JSON item in SEQ.

Case:

i) If Ij is an SQL/JSON array, then let I2j be Ij.

ii) Otherwise, let I2j be an SQL/JSON array whose only element is Ij.

c) The result ofWrap(SEQ) is the SQL/JSON sequence I21, ..., I2n.

NOTE 492— Thus,Wrap() wraps any non-SQL/JSON array in an SQL/JSON array. This function is used in lax mode
for certain operations that require an array as input.

8) Let the function Unwrap(SEQ), where SEQ is some SQL/JSON sequence, be defined as follows:

a) Let n be the number of SQL/JSON items in SEQ.

b) For each j, 1 (one) ≤ j ≤ n, let Ij be the j-th SQL/JSON item in SEQ.

Case:

i) If Ij is an SQL/JSON array, then letm be the number of elements of Ij and let Ek, 1 (one)
≤ k ≤m, be the k-th element of Ij in order. Let I2j be the SQL/JSON sequence E1, ..., Em.

ii) Otherwise, let I2j be Ij.

c) The result of Unwrap(SEQ) is the SQL/JSON sequence I21, ..., I2n.

NOTE 493— Thus, Unwrap() unwraps any non-SQL/JSON array into its elements. This function is used in lax mode
for certain operations that require an SQL/JSON sequence of non-SQL/JSON arrays as input.

9) The result of evaluating P is determined recursively by the following definitions to evaluate all BNF
non-terminals contained in P.

10) For every BNF production in the Format of this Subclause of the form

<JSON BNF non-terminal 1> ::=
<JSON BNF non-terminal 2>

<JSON BNF non-terminal 2> ::=
...

the result of evaluating <JSON BNF non-terminal 1> is the same as the result of evaluating <JSON
BNF non-terminal 2>.

11) The result of evaluating a<JSONpathwff> is a completion condition, and, if that completion condition
is successful completion (00000), then an SQL/JSON sequence. For conciseness, the result will be
stated either as anexception conditionor as anSQL/JSONsequence (in the latter case, the completion
condition successful completion (00000) is implicit). Unsuccessful completion conditions are not
automatically raised and do not terminate application of the General Rules in this Subclause.

a) If <JSON path context variable> JPCV is specified, then
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Case:

i) If PARSED is True, then the result of evaluating JPCV is JT.

ii) If the declared type of JT is JSON, then the result of evaluating JPCV is JT.

iii) Otherwise:

1) The General Rules of Subclause 9.42, “Parsing JSON text”, are applied with JT as
JSONTEXT, an implementation-defined(IV185)<JSONkeyuniqueness constraint>
as UNIQUENESS CONSTRAINT, and FO as FORMAT OPTION; let ST be the STATUS
and letCISJIbe the SQL/JSON ITEM returned from the application of thoseGeneral
Rules.

2) Case:

A) If ST is not successful completion (00000), then the result of evaluating JPCV
is ST.

B) Otherwise, the result of evaluating JPCV is CISJI.

b) If <JSON path named variable> JPNV is specified, then let JPI be the <JSON path identifier>
contained in JPNV, let JAbe the<JSONargument> contained inPC that contains an<identifier>
that is equivalent to JPI, and let VE be the value of the <value expression> simply contained
in JA.

i) Case:

1) If JA contains an implicit or explicit <JSON input clause> JAFO, then

Case:

A) If VE is the null value, then let ST be the completion condition successful
completion (00000) and let VV be the empty SQL/JSON sequence.

B) If the declared type of VE is JSON, then let ST be the completion condition
successful completion (00000) and let VV be VE.

C) Otherwise, the General Rules of Subclause 9.42, “Parsing JSON text”, are
applied with VE as JSON TEXT, an implementation-defined (IV185) <JSON
key uniqueness constraint> as UNIQUENESS CONSTRAINT, and JAFO as
FORMAT OPTION; let ST be the STATUS and let VV be the SQL/JSON ITEM
returned from the application of those General Rules.

2) Otherwise:

A) If the declared type of VE is character string with character set Unicode,
numeric, Boolean, or datetime type, then let ST be the completion condition
successful completion (00000) and let VV be VE.

B) Otherwise, let CDT be an implementation-defined (IV165) character string
type with character set Unicode. Let VV be the result of

CAST (VE AS CDT)

Let ST be the completion code that results from this <cast specification>.

ii) Case:

1) If ST is not successful completion (00000), then the result of JPNV is ST.

2) If VV is a null value, then the result of JPNV is the SQL/JSON null.
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3) Otherwise, the result of JPNV is VV.

c) If <at sign> AS is specified, then let JFE be the innermost <JSON filter expression> containing
AS. The value of AS is the current SQL/JSON item in the evaluation of JFE.

d) If <JSON last subscript>LAST is specified, then let JAAbe the innermost <JSONarray accessor>
that contains LAST. Let JAE be the <JSON accessor expression> that is the prefixed argument
to JAA. Let JAER be the result of evaluating JAE. JAER is an SQL/JSON sequence of arrays (any
errors are already handled by the General Rules relevant to JAE). Let ARR be the current
SQL/JSON array in JAER. Let N be the number of elements in ARR. The result of LAST is N−1.

NOTE 494— Subscripts are 0-relative; therefore, the last subscript of an array of size N is N−1.

e) The result of evaluating a <JSONpath literal> is the value of the <JSONpath literal>, as specified
in Subclause 9.45, “SQL/JSON path language: lexical elements”.

f) The result of evaluating <left paren> <JSON pathwff> <right paren> is the result of evaluating
the <JSON path wff>.

g) If a <JSON accessor expression> JAE that contains a <JSON accessor op> JAOP is specified, then
let BASE be the result of the <JSON accessor expression> contained in JAE.

Case:

i) If BASE is an exception condition, then BASE is the result of evaluating JAE.

ii) Otherwise, let ST be the condition successful completion (00000).

Case:

1) If JAOP is <JSON member accessor>, then:

A) Case:

I) If JAOP contains<JSONpath identifier> JPI, then let JPSLbe aUnicode
character string whose value is the character string that composes
JPI.

II) Otherwise, let JPSL be the value of <JSON path string literal>.

B) Case:

I) IfMODE is lax, then let BASE be Unwrap(BASE).

II) IfMODE is strict, and if any SQL/JSON item in BASE is not an
SQL/JSON object that contains amember whose key is equivalent to
JPSL, then let STbe the conditiondata exception—SQL/JSONmember
not found (2203A).

C) If any SQL/JSONobject inBASEhas twoSQL/JSONmemberswith equivalent
keys, then it is implementation-defined (IA071) whether ST is set to the
condition data exception— non-unique keys in a JSON object (22037).

D) If ST is successful completion, then:

I) Let n be the number of SQL/JSON items in BASE.

II) For all j, 1 (one) ≤ j ≤ n,

1) Let Ij be the j-th SQL/JSON item in BASE.

2) Case:
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a) If Ij is an SQL/JSON object containing amemberMwhose
key is equivalent to JPSL, then let Vj be the bound value
ofM. If there is more than one member whose key is
equivalent to JPSL, then it is implementation-dependent
(UA075) which one is chosen.

b) Otherwise, let Vj be the empty SQL/JSON sequence.

E) The result of JAE is

Case:

I) If ST is an exception condition, then ST.

II) Otherwise, the SQL/JSON sequence that is the concatenation of V1,
..., Vn, in order.

2) If JAOP is <JSON wildcard member accessor>, then:

A) Case:

I) IfMODE is lax, then let BASE be Unwrap(BASE).

II) IfMODE is strict, and if any SQL/JSON item in BASE is not an
SQL/JSON object, then let ST be the condition data exception—
SQL/JSON object not found (2203C).

B) If any SQL/JSONobject inBASEhas twoSQL/JSONmemberswith equivalent
keys, then it is implementation-defined (IA071) whether ST is set to the
condition data exception— non-unique keys in a JSON object (22037).

C) If ST is successful completion (00000), then:

I) Let n be the number of SQL/JSON items in BASE.

II) For all j, 1 (one) ≤ j ≤ n,

1) Let Ij be the j-th SQL/JSON item in BASE.

2) Case:

a) If Ij is an SQL/JSON object, then:

i) Letm be the number of SQL/JSONmembers of Ij.

ii) For all i, 1 (one)≤ i≤m, letMibe the i-th SQL/JSON
member of Ij, taken in an implementation-
dependent (US040) order. Let Ki be the key and
let Vi be the bound value ofMi.

iii) The following rule is performed an implemen-
tation-dependent (UA058) number of times:

If any pair of keys Ka and Kb are equivalent, where
a ≠ b, then one ofMa orMb is deleted from the list
of members of Ij.

iv) Let q be the number of remaining SQL/JSON
members of Ij after the duplicate elimination
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described in the preceding rule. Let BVh, 1 (one)
≤ h ≤ q, be the h-th bound value of the remaining
SQL/JSONmembers of Ij, in an implementation-
dependent (US040) order. Let Vj be the SQL/JSON
sequence BV1, ..., BVq.

b) Otherwise, let Vj be the empty SQL/JSON sequence.

D) The result of JAE is

Case:

I) If ST is an exception condition, then ST.

II) Otherwise, the SQL/JSON sequence that is the concatenation of V1,
..., Vn, in order.

NOTE 495— The order of members within an SQL/JSON object is implemen-
tation-dependent, but the order of V1, ..., Vn is not.

3) If JAOP is <JSON array accessor>, then:

A) IfMODE is lax, then let BASE beWrap(BASE).

B) If any SQL/JSON item in BASE is not an SQL/JSON array, then let ST be the
condition data exception— SQL/JSON array not found (22039).

C) Let JSL be the <JSON subscript list> simply contained in JAOP. Let s be the
number of <JSON subscript>s simply contained in JSL.

D) For all i, 1 (one) ≤ i ≤ s,

I) Let JSi be the i-th <JSON subscript> simply contained in JSL.

II) Case:

1) If JSi is <JSON path wff 1>, then let JSFROMi be JSi and let JSTOi
be JSi.

2) Otherwise, let JSFROMi be the <JSON path wff 2> contained in
JSi and let JSTOi be the <JSON path wff 3> contained in JSi.

E) If ST is successful completion (00000), then let n be the number of SQL/JSON
arrays in BASE.

For all j, 1(one) ≤ j ≤ n and all i, 1(one) ≤ i ≤ s,

I) Let Ij be the j-th SQL/JSON array in BASE.

II) Let RJSFROMi be the result of evaluating JSFROMi and let RJSTOi be
the result of evaluating JSTOiwith Ij as the current SQL/JSON array.

NOTE496—Thecurrent SQL/JSONarraydetermines the valueoflast (<JSON
last subscript>).

III) If TJSFROMi is not a singleton numeric value or TJSTOi is not a
singleton numeric value, then let ST be the exception condition data
exception— invalid SQL/JSON subscript (22033).

F) If ST is successful completion (00000), then for all j, 1 (one) ≤ j ≤ n,
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Let Nj be the number of elements of Ij.I)

II) For all i, 1 (one) ≤ i ≤ s,

1) Let TJSFROMi be the result of implementation-defined (IA073)
truncationor roundingofRJSFROMi and letTJSTOibe the result
of implementation-defined (IA073) truncation or rounding of
RJSTOi.

2) Each of the following is a potential error: TJSFROMi is negative,
TJSFROMi is greater than or equal to Nj, TJSTOi is negative,
TJSTOi is greater than or equal to Nj, or TJSFROMi is greater
than TJSTOj.

Case:

a) If there is a potential error andMODE is strict, then
let STbe the conditiondata exception—invalid SQL/JSON
subscript (22033).

b) Otherwise, let RJSi be the list of all integers between TJS-
FROMi and TJSTOi, inclusive, whose values are between
0 (zero) and Nj, inclusive, in ascending order.

III) If ST is successful completion (00000), then:

1) Let RJSU be the list of integers formed by concatenating RJSi, 1
(one) ≤ i ≤ s, in that order.

2) Let e be the number of integers in RJSU. For each f, 1 (one) ≤ f
≤ e, letRJSUfbe the f-th integer inRJSU and letEfbe the element
of Ijwhose subscript is RJSUf, using 0-relative subscripting.

3) Let Vj be the SQL/JSON sequence E1, ..., Ee, in order.

G) The result of JAE is

Case:

I) If ST is an exception condition, then ST.

II) Otherwise, the SQL/JSON sequence that is the concatenation of V1,
..., Vn, in order.

4) If JAOP is <JSON wildcard array accessor>, then:

A) IfMODE is lax, then let BASE beWrap(BASE).

B) If any SQL/JSON item in BASE is not an SQL/JSON array, then let ST be the
condition data exception— SQL/JSON array not found (22039).

C) If ST is successful completion, then let n be the number of SQL/JSON items
in BASE. For all j, 1 (one) ≤ j ≤ n,

I) Let Ij be the j-th SQL/JSON item in BASE.

II) Let t be the number of elements of Ij and let Ek, 1 (one) ≤ k ≤ t, be the
k-th element of Ij, in order.
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III) Let Vj be the SQL/JSON sequence E1, ..., Et, in order.

D) The result of JAE is

Case:

I) If ST is an exception condition, then ST.

II) Otherwise, the SQL/JSON sequence that is the concatenation of V1,
..., Vn, in order.

5) If JAOP is <JSON filter expression>, then:

A) IfMODE is lax, then let BASE be Unwrap(BASE).

B) Let JPP be the <JSON path predicate> simply contained in JAOP.

C) Let n be the number of SQL/JSON items in BASE. For all j, 1 (one) ≤ j ≤ n,

I) Let Ij be the j-th SQL/JSON item in BASE, in order.

II) LetTV be the result of evaluating JPPwith Ij as the current SQL/JSON
item of JPP.

NOTE 497— The current SQL/JSON item of JPP determines the value of <at
sign> contained in JPP.

III) Case:

1) If TV is True, then let Vj be Ij.

2) Otherwise, let Vj be the empty SQL/JSON sequence.

D) The result of JAE is the SQL/JSON sequence that is the concatenation of V1,
..., Vn, in order.

6) If JAOP is <JSON itemmethod>, then let JM be the <JSON method>.

A) IfMODE is lax and <JSONmethod> is not type or size, then let BASE be
Unwrap(BASE).

B) Let n be the number of SQL/JSON items in BASE. Let Ij, 1 (one) ≤ j ≤ n, be
the j-th SQL/JSON item in BASE, in order.

C) Case:

I) If JM specifies type, then:

1) For all j, 1 (one) ≤ j ≤ n, let Vj be

Case:

a) If Ij is an SQL/JSONnull, then theUnicode character string
“null”.

b) If Ij is numeric, then the Unicode character string “num-
ber”.

c) If Ij is a character string, then theUnicode character string
“string”.
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d) If Ij is a Boolean, then the Unicode character string
“boolean”.

e) If Ij is a date, then the Unicode character string “date”.

f) If Ij is a timewithout time zone, then the Unicode charac-
ter string “time without time zone”.

g) If Ij is a time with time zone, then the Unicode character
string “time with time zone”.

h) If Ij is a timestamp without time zone, then the Unicode
character string “timestamp without time zone”.

i) If Ij is a timestamp with time zone, then the Unicode
character string “timestamp with time zone”.

j) If Ij is array, then the Unicode character string “array”.

k) If Ij is object, then the Unicode character string “object”.

2) The result of JAE is the SQL/JSON sequence V1, ..., Vn.

II) If JM specifies size, then

Case:

1) IfMODE is strict and any Vj is not an array, then the result
of JAE is the exception condition data exception— SQL/JSON
array not found (22039).

2) Otherwise:

a) For all j, 1 (one) ≤ j ≤ n, let Vj be

Case:

i) If Ij is an SQL/JSON array, then the number of
SQL/JSON elements of Ij.

ii) Otherwise, 1 (one).

b) The result of JAE is the SQL/JSON sequence V1, ..., Vn.

III) If JM specifies double, then:

1) For all j, 1 (one) ≤ j ≤ n,

Case:

a) If Ij is not a number or character string, then let ST be
data exception— non-numeric SQL/JSON item (22036).

b) Otherwise, let X be an SQL variable whose value is Ij. Let
Vj be the result of

CAST (X AS DOUBLE PRECISION)

If this conversion results in an exception condition, then
let ST be that exception condition.
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2) Case:

a) If ST is not successful completion, then the result of JAE
is ST.

b) Otherwise, the result of JAE is the SQL/JSON sequenceV1,
..., Vn.

IV) If JM specifies ceiling, then:

1) For all j, 1 (one) ≤ j ≤ n,

Case:

a) If Ij is not a number, then let ST be data exception— non-
numeric SQL/JSON item (22036).

b) Otherwise, let X be an SQL variable whose value is Ij. Let
Vj be the result of

CEILING (X)

If this conversion results in an exception condition, then
let ST be that exception condition.

2) Case:

a) If ST is not successful completion, then the result of JAE
is ST.

b) Otherwise, the result of JAE is the SQL/JSON sequenceV1,
..., Vn.

V) If JM specifies floor, then:

1) For all j, 1 (one) ≤ j ≤ n,

Case:

a) If Ij is not a number, then let ST be data exception— non-
numeric SQL/JSON item (22036).

b) Otherwise, let X be an SQL variable whose value is Ij. Let
Vj be the result of

FLOOR (X)

If this conversion results in an exception condition, then
let ST be that exception condition.

2) Case:

a) If ST is not successful completion, then the result of JAE
is ST.

b) Otherwise, the result of JAE is the SQL/JSON sequenceV1,
..., Vn.

VI) If JM specifies abs, then:

1) For all j, 1 (one) ≤ j ≤ n,
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Case:

a) If Ij is not a number, then let ST be data exception— non-
numeric SQL/JSON item (22036).

b) Otherwise, let X be an SQL variable whose value is Ij. Let
Vj be the result of

ABS (X)

If this conversion results in an exception condition, then
let ST be that exception condition.

2) Case:

a) If ST is not successful completion, then the result of JAE
is ST.

b) Otherwise, the result of JAE is the SQL/JSON sequenceV1,
..., Vn.

VII) If JM specifies datetime, then:

1) For all j, 1 (one) ≤ j ≤ n,

Case:

a) If Ij is not a character string, then let STj be the exception
conditiondata exception—invalid argument for SQL/JSON
datetime function (22031).

b) If JM specifies<JSONdatetime template> JDT, then let IDT
be the implicit datetime data type of JDT. The General
Rulesof Subclause9.51, “Convertinga formatted character
string to a datetime”, are applied with IDT as DATETIME
TYPE, JDT as TEMPLATE, and Ij as FORMATTED CHARAC-
TER STRING; let DV be the DATETIME VALUE returned
from the application of those General Rules. If the evalu-
ation of those General Rules would raise an exception,
then that exception is not raised; instead, let STj be the
exception condition data exception— invalid argument
for SQL/JSON datetime function (22031); otherwise, let
STj be DV.

c) Otherwise:

i) If the rules for <unquoted date string> in
Subclause 5.3, “<literal>”, can be applied to Ij to
determine a valid value of thedata typeDATE, then
let Vj be that value.

ii) If the rules for <unquoted time string> in
Subclause 5.3, “<literal>”, can be applied to Ij to
determine a valid value of the data type TIME
WITH TIME ZONE, then let Vj be that value.

iii) If the rules for <unquoted time string> in
Subclause 5.3, “<literal>”, can be applied to Ij to
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determine a valid value of the data type TIME
WITHOUT TIME ZONE, then let Vj be that value.

iv) If the rules for <unquoted timestamp string> in
Subclause 5.3, “<literal>”, can be applied to Ij to
determine a valid value of the data type
TIMESTAMPWITH TIME ZONE, then let Vj be that
value.

v) If the rules for <unquoted timestamp string> in
Subclause 5.3, “<literal>”, can be applied to Ij to
determine a valid value of the data type
TIMESTAMPWITHOUT TIME ZONE, then let Vj be
that value.

vi) Otherwise, let STj be the exception condition data
exception— invalid argument for SQL/JSON date-
time function (22031).

2) Case:

a) If any STj is not successful completion (00000), then the
result of JAE is STj. If more than one STj is an exception
condition, then it is implementation-dependent (UA070)
which STj is raised.

b) Otherwise, the result of JAE is the SQL/JSON sequenceV1,
..., Vn.

VIII) If JM specifies keyvalue, then:

1) For all j, 1 (one) ≤ j ≤ n,

Case:

a) If Ij is not an SQL/JSONobject, then let STjbe the exception
condition data exception— SQL/JSON object not found
(2203C).

b) If Ij has two or more SQL/JSONmembers with the same
key, then it is implementation-defined (IA072) whether
ST is set to the condition data exception— non-unique
keys in a JSON object (22037).

c) Otherwise:

i) Let IDj be an implementation-defined exact
numeric value of scale 0 (zero) that uniquely
identifies Ij.

ii) Letm be the number of SQL/JSONmembers of Ij.

iii) For all i, 1 (one)≤ i≤m, letMibe the i-th SQL/JSON
member of Ij, taken in an implementation-
dependent (US040) order, let Ki be the key and let
Vi be the bound value ofMi.
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iv) The following rule is performed an implemen-
tation-dependent (UA058) number of times:

If any pair of keys Ka and Kb are equal, where a ≠
b, then one ofMa orMb is deleted from the list of
members of Ij.

v) Let q be the number of remaining SQL/JSON
members of Ij after the duplicate elimination
described in the preceding rule.

vi) For all h, 1 (one) ≤ h ≤ q, let OBJh be an SQL/JSON
object with three members:

1) The first member has key “key” and bound
value Ki.

2) The second member has key “value” and
bound value BVi.

3) The third member has key “id” and bound
value IDj.

vii) Let Vj be the SQL/JSON sequence OBJ1, ..., OBJq.

2) Case:

a) If any ST is not successful completion (00000), then the
result of JAE is ST.

b) Otherwise, the result of JAE is the SQL/JSON sequenceV1,
..., Vn.

IX) If JM specifies bigint, then:

1) For all j, 1 (one) ≤ j ≤ n,

Case:

a) If Ij is not a number or character string, then let ST be
data exception— non-numeric SQL/JSON item (22036).

b) Otherwise, let X be an SQL variable whose value is Ij. Let
Vj be the result of

CAST (X AS BIGINT)

If this conversion results in an exception condition, then
let ST be that exception condition.

2) Case:

a) If ST is not successful completion, then the result of JAE
is ST.

b) Otherwise, the result of JAE is the SQL/JSON sequenceV1,
..., Vn.

X) If JM specifies boolean, then:
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For all j, 1 (one) ≤ j ≤ n,

Case:

1)

a) If Ij is not a Boolean value or character string, then let ST
bedata exception—non-Boolean SQL/JSON item (2202V).

b) Otherwise, let X be an SQL variable whose value is Ij. Let
Vj be the result of

CAST (X AS BOOLEAN)

If this conversion results in an exception condition, then
let ST be that exception condition.

2) Case:

a) If ST is not successful completion, then the result of JAE
is ST.

b) Otherwise, the result of JAE is the SQL/JSON sequenceV1,
..., Vn.

XI) If JM specifies date, then:

1) For all j, 1 (one) ≤ j ≤ n,

Case:

a) If Ij is not a character string, then let ST be data exception
— non-date SQL/JSON item (2202W).

b) Otherwise, let X be an SQL variable whose value is Ij. Let
Vj be the result of

CAST (X AS DATE)

If this conversion results in an exception condition, then
let ST be that exception condition.

2) Case:

a) If ST is not successful completion, then the result of JAE
is ST.

b) Otherwise, the result of JAE is the SQL/JSON sequenceV1,
..., Vn.

XII) If JM specifies decimal, then:

1) For all j, 1 (one) ≤ j ≤ n,

Case:

a) If Ij is not a number or character string, then let ST be
data exception— non-numeric SQL/JSON item (22036).

b) Otherwise, let X be an SQL variable whose value is Ij.

i) Case:
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If <precision> is not specified, then let PS be
a zero-length string.

1)

2) Otherwise, let P be <precision>.

Case:

A) If <scale> S is specified, then let PS be

(P, S)

B) Otherwise, let PS be

(P)

ii) Let Vj be the result of

CAST (X AS DECIMAL PS)

If this conversion results in an exception condition,
then let ST be that exception condition.

2) Case:

a) If ST is not successful completion, then the result of JAE
is ST.

b) Otherwise, the result of JAE is the SQL/JSON sequenceV1,
..., Vn.

XIII) If JM specifies integer, then:

1) For all j, 1 (one) ≤ j ≤ n,

Case:

a) If Ij is not a number or character string, then let ST be
data exception— non-numeric SQL/JSON item (22036).

b) Otherwise, let X be an SQL variable whose value is Ij. Let
Vj be the result of

CAST (X AS INTEGER)

If this conversion results in an exception condition, then
let ST be that exception condition.

2) Case:

a) If ST is not successful completion, then the result of JAE
is ST.

b) Otherwise, the result of JAE is the SQL/JSON sequenceV1,
..., Vn.

XIV) If JM specifies number, then:

1) For all j, 1 (one) ≤ j ≤ n,

Case:
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a) If Ij is not a number or character string, then let ST be
data exception— non-numeric SQL/JSON item (22036).

b) Otherwise, let X be an SQL variable whose value is Ij. Let
NT be an implementation-defined (IV186) numeric type.
Let Vj be the result of

CAST (X AS NT)

If this conversion results in an exception condition, then
let ST be that exception condition.

2) Case:

a) If ST is not successful completion, then the result of JAE
is ST.

b) Otherwise, the result of JAE is the SQL/JSON sequenceV1,
..., Vn.

XV) If JM specifies string, then:

1) For all j, 1 (one) ≤ j ≤ n,

Case:

a) If Ij is not a character string, number, or Boolean value,
then let STbe data exception—non-string SQL/JSON item
(2202X).

b) Otherwise, let X be an SQL variable whose value is Ij. Let
ML be an implementation-defined (IL006) maximum
length of variable-length character strings. Let Vj be the
result of

CAST (X AS CHARACTER VARYING(ML)

If this conversion results in an exception condition, then
let ST be that exception condition.

2) Case:

a) If ST is not successful completion, then the result of JAE
is ST.

b) Otherwise, the result of JAE is the SQL/JSON sequenceV1,
..., Vn.

XVI) If JM specifies time, then:

1) For all j, 1 (one) ≤ j ≤ n,

Case:

a) If Ij is not a character string, then let ST be data exception
— non-time SQL/JSON item (2202Y).

b) Otherwise, let X be an SQL variable whose value is Ij.

i) Case:
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If <time precision> is not specified, then let
PS be a zero-length string.

1)

2) Otherwise, let P be <time precision> and let
PS be:

(P)

ii) Let Vj be the result of

CAST (X AS TIME PS)

If this conversion results in an exception condition,
then let ST be that exception condition.

2) Case:

a) If ST is not successful completion, then the result of JAE
is ST.

b) Otherwise, the result of JAE is the SQL/JSON sequenceV1,
..., Vn.

XVII) If JM specifies time_tz, then:

1) For all j, 1 (one) ≤ j ≤ n,

Case:

a) If Ij is not a number or character string, then let ST be
data exception— non-time SQL/JSON item (2202Y).

b) Otherwise, let X be an SQL variable whose value is Ij.

i) Case:

1) If <time precision> is not specified, then let
PS be a zero-length string.

2) Otherwise, let P be <time precision> and let
PS be:

(P)

ii) Let Vj be the result of

CAST (X AS TIME PS WITH TIME ZONE)

If this conversion results in an exception condition,
then let ST be that exception condition.

2) Case:

a) If ST is not successful completion, then the result of JAE
is ST.

b) Otherwise, the result of JAE is the SQL/JSON sequenceV1,
..., Vn.

XVIII) If JM specifies timestamp, then:

1) For all j, 1 (one) ≤ j ≤ n,
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Case:

a) If Ij is not a character string, then let ST be data exception
— non-timestamp SQL/JSON item (2202Z).

b) Otherwise, let X be an SQL variable whose value is Ij.

i) Case:

1) If <timestamp precision> is not specified,
then let PS be a zero-length string.

2) Otherwise, let P be <timestamp precision>
and let PS be:

(P)

ii) Let Vj be the result of

CAST (X AS TIMESTAMP PS)

If this conversion results in an exception condition,
then let ST be that exception condition.

2) Case:

a) If ST is not successful completion, then the result of JAE
is ST.

b) Otherwise, the result of JAE is the SQL/JSON sequenceV1,
..., Vn.

XIX) If JM specifies timestamp_tz, then:

1) For all j, 1 (one) ≤ j ≤ n,

Case:

a) If Ij is not a number or character string, then let ST be
data exception—non-timestamp SQL/JSON item (2202Z).

b) Otherwise, let X be an SQL variable whose value is Ij.

i) Case:

1) If <timestamp precision> is not specified,
then let PS be a zero-length string.

2) Otherwise, let P be <timestamp precision>
and let PS be:

(P)

ii) Let Vj be the result of

CAST (X AS TIMESTAMP PS WITH TIME ZONE)

If this conversion results in an exception condition,
then let ST be that exception condition.

2) Case:
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a) If ST is not successful completion, then the result of JAE
is ST.

b) Otherwise, the result of JAE is the SQL/JSON sequenceV1,
..., Vn.

h) If <JSON unary expression> JUE simply contains <plus sign> or <minus sign>, then let BASE
be the result of evaluating the <JSON unary expression> simply contained in JUE. IfMODE is
lax, then let BASE be Unwrap(BASE).

Case:

i) If BASE is an exception condition, then BASE is the result of evaluating JUE.

ii) If any item in BASE is not a number, then the result of evaluating JUE is the exception
condition data exception— SQL/JSON number not found (2203B).

iii) Otherwise, let ST be the condition successful completion (00000).

Case:

1) If JUE is <plus sign>, then the result of JUE is BASE.

2) Otherwise, let n be the number of SQL/JSON items contained in BASE

A) For all j, 1 (one) ≤ j ≤ n,

I) Let Ij be the j-th SQL/JSON item contained in BASE.

II) Let Xj be an SQL variable whose value is Ij. Let Vj be the result of

-Xj

If an exception condition is raised when evaluating −Xj, then let ST
be that exception condition.

B) If ST is an exception condition, then the result of JUE is ST. Otherwise, the
result of JUE is the SQL/JSON sequence V1, ..., Vj.

i) If <JSONmultiplicative expression> JME simply contains <asterisk>, <solidus>, or <percent>,
then:

i) Let OP1 be the result of the <JSONmultiplicative expression> simply contained in JME
and let OP2 be the <JSON unary expression> simply contained in JME.

ii) IfMODE is lax, then let OP1 be Unwrap(OP1) and let OP2 be Unwrap(OP2).

iii) Case:

1) If either OP1 or OP2 is not a singleton numeric value, then let ST be the exception
condition data exception— singleton SQL/JSON item required (22038).

2) Otherwise, letXbe an SQLvariablewhose value isOP1 and letYbe an SQLvariable
whose value is OP2.

Case:

A) If JME simply contains <asterisk>, then let Z be the result of the <numeric
value expression>

X * Y
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If this calculation raises an exception condition, then let STbe that exception
condition.

B) If JME simply contains <solidus>, then let Z be the result of the <numeric
value expression>

X / Y

If this calculation raises an exception condition, then let STbe that exception
condition.

C) If JME simply contains <percent>, then let Z be the result of the <numeric
value expression>

MOD (X, Y)

If this calculation raises an exception condition, then let STbe that exception
condition.

iv) Case:

1) If ST is an exception condition, then the result of JME is ST.

2) Otherwise, the result of JME is Z.

j) If <JSON additive expression> JAE simply contains <plus sign> or <minus sign>, then:

i) Let OP1 be the result of the <JSON additive expression> simply contained in JAE and
let OP2 be the <JSON multiplicative expression> simply contained in JAE.

ii) Case:

1) If either OP1 or OP2 is not a singleton numeric value, then let ST be the exception
condition data exception— singleton SQL/JSON item required (22038).

2) Otherwise, letXbe an SQLvariablewhose value isOP1 and letYbe an SQLvariable
whose value is OP2.

Case:

A) If JAE simply contains <plus sign>, then let Z be the result of the <numeric
value expression>

X + Y

If this calculation raises an exception condition, then let STbe that exception
condition.

B) If JAE simply contains <minus sign>, then let Z be the result of the <numeric
value expression>

X - Y

If this calculation raises an exception condition, then let STbe that exception
condition.

iii) Case:

1) If ST is an exception condition, then the result of JAE is ST.

2) Otherwise, the result of JAE is Z.

12) The result of evaluating a <JSON path predicate> is a truth value True, False, or Unknown.
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If <JSON exists path predicate> JEP is specified, then:a)

i) LetWFF be the result of evaluating the <JSON path wff> simply contained in JEP.

ii) Case:

1) IfWFF is an exception condition, then the result of JEP is Unknown.

2) IfWFF is an empty SQL/JSON sequence, then the result of JEP is False.

3) Otherwise, the result of JEP is True.

b) If <JSONdelimitedpredicate> JDP specifies <left paren><JSONpathpredicate><right paren>,
then the result of evaluating JDP is the result of evaluating the <JSON path predicate> simply
contained in JDP.

c) If <JSON comparison predicate> JCP is specified, then:

i) Let JCO be the <JSON comp op> simply contained in JCP.

ii) Let A be the result of evaluating the first <JSON path wff> contained in JCP and let B be
the result of evaluating the second <JSON path wff> contained in JCP.

iii) Case:

1) If either A or B is an exception condition, then the result of JCP is Unknown.

2) Otherwise:

A) IfMODE is lax, then let A be Unwrap(A) and let B be Unwrap(B).

B) Let ERR be initially False and let FOUND be initially False.

C) Let n be the number of SQL/JSON items in A and letm be the number of
SQL/JSON items in B. Let AIi, 1 (one) ≤ i ≤ n, be the i-th SQL/JSON item in A.
Let BIj, 1 (one) ≤ j ≤m, be the j-th SQL/JSON item in B.

D) For all i, 1(one) ≤ i ≤ n, and all j, 1 (one) ≤ j ≤m, AIi is compared to BIj using
JCO, according to the following rules. When comparing character strings,
the Unicode codepoint collation is used.

Case:

I) If JCO is <double equals> or <JSON path not equals operator>, and
AIi and BIj are not equality-comparable, then let ERR be True.

II) If JCO is <less than operator>, <greater than operator>, <less than or
equals operator>, or <greater than or equals operator>, and AIi and
BIj are not order-comparable, then let ERR be True.

NOTE498—Otherwise,AIi andBIj are either the SQL/JSONnull or comparable
SQL/JSON scalars.

III) If JCO is <double equals>, then

Case:

1) If AIi and BIj are both the SQL/JSON null value, then let FOUND
be True.

2) If AIi and BIj are equal SQL/JSON scalars, then let FOUND be
True.
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IV) If JCO is <JSON path not equals operator>, then

Case:

1) If AIi is the SQL/JSON null value, and BIj is not the SQL/JSON
null value, then let FOUND be True.

2) If BIj is the SQL/JSON null value, and AIi is not the SQL/JSON
null value, then let FOUND be True.

3) If AIi and BIj are unequal SQL/JSON scalars, then let FOUND be
True.

V) If JCO is <less than operator> and AIi and BIj are SQL/JSON scalars
and AIi is less than BIj, then let FOUND be True.

VI) If JCO is <greater than operator> andAIi andBIj are SQL/JSON scalars
and AIi is greater than BIj, then let FOUND be True.

VII) If JCO is <less than or equals operator>, then

Case:

1) If AIi and BIj are both the SQL/JSON null value, then let FOUND
be True.

2) If AIi and BIj are SQL/JSON scalars and AIi is less than or equal
to BIj, then let FOUND be True.

VIII) If JCO is <greater than or equals operator>, then

Case:

1) If AIi and BIj are both the SQL/JSON null value, then let FOUND
be True.

2) If AIi and BIj are SQL/JSON scalars and AIi is greater than or
equal to BIj, then let FOUND be True.

E) Case:

I) IfMODE isstrict andERR isTrue, then the result of JCP isUnknown.

II) If ERR is True and FOUND is True, then it is implementation-
dependent (UA073) whether the result of JCP is True or Unknown.

NOTE 499— This means that in lax mode the SQL-implementation can stop
on the first error or the first success, in an implementation-dependent order
of evaluation.

III) If FOUND is True, then the result of JCP is True.

IV) If ERR is True, then the result of JCP is Unknown.

V) Otherwise, the result of JCP is False.

d) If <JSON like_regex predicate> JLP is specified, then:

i) Let SEQ be the result of evaluating the <JSON path wff> simply contained in JLP.

ii) Case:
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1) If SEQ is an exception condition, then the result of JLP is Unknown.

2) Otherwise:

A) IfMODE is lax, then let SEQ be Unwrap(SEQ).

B) Let PATTERN be a <character string literal> whose value is the value of the
<JSON like_regex pattern> simply contained in JLP.

C) If <JSON like_regex flags> JLF is specified, then let FLAGS be a <character
string literal> whose value is the value of JLF; otherwise, let FLAGS be the
zero-length character string.

D) Let ERR be initially False and let FOUND be initially False.

E) Let n be the number of SQL/JSON items in SEQ. For all j, 1 (one) ≤ j ≤ n, let
Ij be the j-th SQL/JSON item in SEQ.

Case:

I) If Ij is not a character string, then let ERR be True.

II) Otherwise, let Xj be an SQL variable whose value is Ij and let TVj be
the result of evaluating

Xj LIKE_REGEX PATTERN FLAG FLAGS

If TVj is True, then let FOUND be True.

NOTE 500— The LIKE_REGEX predicate cannot raise an exception because
the Syntax Rules require that PATTERN is an XQuery regular expression and
FLAGS is an XQuery option flag.

F) Case:

I) IfMODE isstrict andERR isTrue, then the result of JLP isUnknown.

II) If ERR is True and FOUND is True, then it is implementation-
dependent (UA073) whether the result of JLP is True or Unknown.

III) If FOUND is True, then the result of JLP is True.

IV) If ERR is True, then the result of JLP is Unknown.

V) Otherwise, the result of JLP is False.

e) If <JSON starts with predicate> JSWP is specified, then:

i) Let A be the result of evaluating the <JSON starts with whole> simply contained in
JSWP, and letBbe the result of evaluating the<JSONstartswith initial> simply contained
in JSWP.

ii) Case:

1) If either A or B is an exception condition, then the result of JSWP is Unknown.

2) If B is not a character string, then the result of JSWP is Unknown.

3) Otherwise:

A) IfMODE is lax, then let Awith Unwrap(A).

B) Let ERR be initially False and let FOUND be initially False.
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C) Let n be the number of SQL/JSON items in A. For all i, 1 (one) ≤ i ≤ n, let AIi
be the i-th SQL/JSON item in A.

Case:

I) If AIi is not a character string, then let ERR be True.

II) If B is an initial substring of AIi, then let FOUND be True.

D) Case:

I) IfMODE is strict and ERR is True, then the result of JSWP is
Unknown.

II) If ERR is True and FOUND is True, then it is implementation-
dependent (UA073) whether the result of JSWP is True or Unknown.

III) If FOUND is True, then the result of JSWP is True.

IV) If ERR is True, then the result of JSWP is Unknown.

V) Otherwise, the result of JSWP is False.

f) If <JSON unknown predicate> JUP is specified, then:

i) Let JPP be the result of evaluating the <JSON path predicate> simply contained in JUP.

ii) Case:

1) If JPP is Unknown, then the result of JUP is True.

2) Otherwise, then the result of JUP is False

g) If <JSON boolean negation> JBN simply contains <exclamation mark>, then:

i) Let JDP be the result of evaluating the <JSON delimited predicate> simply contained in
JBN.

ii) The result of evaluating JBN is

Case:

1) If JDP is True, then False.

2) If JDP is False, then True.

3) If JDP is Unknown, then Unknown.

h) If <JSON boolean conjunction> JBC simply contains <double ampersand>, then:

i) Let OP1 be the result of evaluating the <JSON boolean conjunction> simply contained
in JBC, and let OP2 be the result of evaluating the <JSON boolean negation> simply
contained in JBC.

ii) The result of JBC is

Case:

1) If either OP1 or OP2 is False, then False.

2) If either OP1 or OP2 is Unknown, then Unknown.

3) Otherwise, True.

© ISO/IEC 2023 – All rights reserved 761

ISO/IEC 9075-2:2023(E)
9.46 SQL/JSON path language: syntax and semantics

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


i) If <JSON boolean disjunction> JBD simply contains <double vertical bar>, then:

i) Let OP1 be the result of evaluating the <JSON boolean disjunction> simply contained
in JBD, and let OP2 be the result of evaluating the <JSON boolean conjunction> simply
contained in JBD.

ii) The result of JBD is

Case:

1) If either OP1 or OP2 is True, then True.

2) If either OP1 or OP2 is Unknown, then Unknown.

3) Otherwise, False.

13) The result of evaluating P according to the preceding General Rules is an ordered list of zero or
more SQL/JSON items that is an SQL/JSON sequence. Let SJS be that SQL/JSON sequence.

14) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause,
which receives ST as STATUS and SJS as SQL/JSON SEQUENCE.

Conformance Rules

1) Without FeatureT831, “SQL/JSONpath language: strictmode”, in conforming SQL language, a <JSON
path expression> shall not contain a <JSON path mode> that is strict.

2) Without Feature T832, “SQL/JSON path language: item method”, in conforming SQL language, a
<JSON path expression> shall not contain a <JSON itemmethod>.

3) Without FeatureT833, “SQL/JSONpath language:multiple subscripts”, in conforming SQL language,
a <JSON path expression> shall not contain a <JSON subscript list> that contains more than one
<JSON subscript>.

4) Without Feature T834, “SQL/JSON path language: wildcard member accessor”, in conforming SQL
language, a <JSON path expression> shall not contain a <JSON wildcard member accessor>.

5) Without Feature T835, “SQL/JSON path language: filter expressions”, in conforming SQL language,
a <JSON path expression> shall not contain a <JSON filter expression>.

6) WithoutFeatureT836, “SQL/JSONpath language: startswithpredicate”, in conformingSQL language,
a <JSON path expression> shall not contain a <JSON starts with predicate>.

7) Without FeatureT837, “SQL/JSONpath language: regex_like predicate”, in conforming SQL language,
a <JSON path expression> shall not contain a <JSON like_regex predicate>.

8) Without Feature T865, “SQL/JSON itemmethod: bigint()”, in conforming SQL language, a <JSON
itemmethod> shall not specify bigint.

9) Without Feature T866, “SQL/JSON itemmethod: boolean()”, in conforming SQL language, a <JSON
itemmethod> shall not specify boolean.

10) Without Feature T867, “SQL/JSON itemmethod: date()”, in conforming SQL language, a <JSON item
method> shall not specify date.

11) Without Feature T868, “SQL/JSON itemmethod: decimal()”, in conforming SQL language, a <JSON
itemmethod> shall not specify decimal.

12) Without Feature T869, “SQL/JSON itemmethod: decimal()with precision and scale”, in conforming
SQL language, a <JSON itemmethod> shall not specify decimal and contain a <precision>.
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13) Without Feature T870, “SQL/JSON itemmethod: integer()”, in conforming SQL language, a <JSON
itemmethod> shall not specify integer.

14) Without Feature T871, “SQL/JSON itemmethod: number()”, in conforming SQL language, a <JSON
itemmethod> shall not specify number.

15) Without Feature T872, “SQL/JSON itemmethod: string()”, in conforming SQL language, a <JSON
itemmethod> shall not specify string.

16) Without Feature T873, “SQL/JSON itemmethod: time()”, in conforming SQL language, a <JSON item
method> shall not specify time.

17) Without Feature T874, “SQL/JSON itemmethod: time_tz()”, in conforming SQL language, a <JSON
itemmethod> shall not specify time_tz.

18) Without Feature T875, “SQL/JSON itemmethod: time precision”, in conforming SQL language, a
<JSON itemmethod> shall not contain a <time precision>.

19) Without FeatureT876, “SQL/JSON itemmethod: timestamp()”, in conforming SQL language, a <JSON
itemmethod> shall not specify timestamp.

20) Without Feature T877, “SQL/JSON itemmethod: timestamp_tz()”, in conforming SQL language, a
<JSON itemmethod> shall not specify timestamp_tz.

21) Without FeatureT878, “SQL/JSON itemmethod: timestampprecision”, in conforming SQL language,
a <JSON itemmethod> shall not contain a <timestamp precision>.
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9.47 Processing <JSON API common syntax>

Function

Process the inputs to JSON_VALUE, JSON_QUERY, JSON_TABLE, and JSON_EXISTS.

Subclause Signature

“Processing <JSON API common syntax>” [General Rules] (
  Parameter: “JSON API COMMON SYNTAX”
) Returns: “STATUS” and “SQL/JSON SEQUENCE”

JSON API COMMON SYNTAX— a <JSON API common syntax>.

STATUS— an SQLSTATE value that indicates the success or reason for failure of the invocation of
this subclause using this signature.

SQL/JSON SEQUENCE— an SQL/JSON sequence comprising zero or more SQL/JSON items that is
the result of invoking this subclause using this signature.

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let JACS be the JSON API COMMON SYNTAX in an application of the General Rules of this Subclause.
The result of the application of this Subclause is returned as STATUS and SQL/JSON SEQUENCE.

2) Let P be the <JSON path specification> simply contained in JACS, and let C be the <JSON context
item> simply contained in JACS. If JACS simply contains a <JSON passing clause>, then let PC be that
<JSON passing clause>; otherwise, let PC be the zero-length character string.

3) General Rules of Subclause 9.46, “SQL/JSONpath language: syntax and semantics”, are appliedwith
P as PATH SPECIFICATION, C as CONTEXT ITEM, False as ALREADY PARSED, and PC as PASSING
CLAUSE; let STbe the STATUS and let SEQbe the SQL/JSONSEQUENCE returned from the application
of those General Rules.

4) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause,
which receives ST as STATUS and SEQ as SQL/JSON SEQUENCE.

Conformance Rules

None.
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9.48 Casting an SQL/JSON sequence to an SQL type

Function

Cast an SQL/JSON sequence to a <predefined type>.

Subclause Signature

“Casting an SQL/JSON sequence to an SQL type” [General Rules] (
  Parameter: “STATUS IN”, 
  Parameter: “SQL/JSON SEQUENCE”, 
  Parameter: “EMPTY BEHAVIOR”, 
  Parameter: “ERROR BEHAVIOR”, 
  Parameter: “DATA TYPE”
) Returns: “STATUS OUT” and “VALUE”

STATUS IN— an SQLSTATE value submitted to an invocation of this subclause using this signature.

SQL/JSON SEQUENCE— an SQL/JSON sequence.

EMPTY BEHAVIOR— an indication of the manner in which to behave if the SQL/JSON SEQUENCE is
empty (ERROR, EMPTY ARRAY, or EMPTY OBJECT).

ERROR BEHAVIOR— an indication of the manner in which to behave if an exception condition is
raised (ERROR, NULL, EMPTY ARRAY, or EMPTY OBJECT).

DATA TYPE— the data type that is the desired type of the VALUE.

STATUS OUT— an SQLSTATE value that indicates the success or reason for failure of the invocation
of this subclause using this signature.

VALUE— the resulting value, if successful.

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let INST be the STATUS IN, let SEQ be the SQL/JSON SEQUENCE, let ONEMPTY be the EMPTY
BEHAVIOR, let ONERROR be the ERROR BEHAVIOR, and let DT be the DATA TYPE in an application
of the General Rules of this Subclause. The result of the application of this Subclause is returned as
STATUS OUT and VALUE. .

2) Except where explicitly specified, the General Rules of this Subclause are not terminated if an
exception condition is raised.

3) Let TEMPST be INST.

4) If TEMPST is successful completion (00000), then
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Case:

a) If the length of SEQ is greater than 1 (one), then let TEMPST be data exception—more than
one SQL/JSON item (22034).

b) If the length of SEQ is 1 (one), then let I be the SQL/JSON item in SEQ.

Case:

i) If I is an SQL/JSON array or SQL/JSON object, then let TEMPST be data exception—
SQL/JSON scalar required (2203F).

ii) If I is the SQL/JSON null, then let V be the SQL null value.

iii) Otherwise, let IDT be the data type of I.

Case:

1) If IDT cannot be cast to target type DT according to the Syntax Rules of
Subclause 6.13, “<cast specification>”, then let TEMPST be data exception—
SQL/JSON item cannot be cast to target type (2203G).

2) Otherwise, let X be an SQL variable whose value is I. Let V be the value of

CAST (X AS DT)

If an exception condition is raised by this <cast specification>, then let TEMPST
be that exception condition.

c) If the length of SEQ is 0 (zero), then

Case:

i) IfONEMPTY is ERROR, then letTEMPSTbedata exception—noSQL/JSON item (22035).

ii) If ONEMPTY is NULL, then let V be the SQL null value.

iii) If ONEMPTY immediately contains DEFAULT, then let VE be the <value expression>
immediately contained in ONEMPTY. Let V be the value of

CAST (VE AS DT>)

If an exception condition is raised by this <cast specification>, then let TEMPST be that
exception condition.

5) Case:

a) If TEMPST is successful completion (00000), then let OUTST be successful completion (00000).

b) If ONERROR is ERROR, then let OUTST be TEMPST.

c) If ONERROR is NULL, then let V be the SQL null value and let OUTST be successful completion
(00000).

d) IfONERROR immediately containsDEFAULT, then letVEbe the<value expression> immediately
contained in ONERROR. Let V be the value of

CAST (VE AS DT)

Case:

i) If an exception condition is raised by this <cast specification>, then let OUTST be that
exception condition.
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ii) Otherwise, let OUTST be successful completion (00000).

6) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause,
which receives OUTST as STATUS OUT and V as VALUE.

Conformance Rules

None.
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9.49 Serializing an SQL/JSON sequence to an SQL string type

Function

Serialize an SQL/JSONsequence to an SQL string type in format JSONor as specifiedby some<implement-
ation-defined JSON representation option>.

Subclause Signature

“Serializing an SQL/JSON sequence to an SQL string type” [General Rules] (
  Parameter: “STATUS IN”, 
  Parameter: “SQL/JSON SEQUENCE”, 
  Parameter: “WRAPPER BEHAVIOR”, 
  Parameter: “QUOTES BEHAVIOR”, 
  Parameter: “EMPTY BEHAVIOR”, 
  Parameter: “ERROR BEHAVIOR”, 
  Parameter: “DATA TYPE”, 
  Parameter: “FORMAT OPTION”
) Returns: “STATUS OUT” and “VALUE”

STATUS IN— an SQLSTATE value submitted to an invocation of this subclause using this signature.

SQL/JSON SEQUENCE— an SQL/JSON sequence.

WRAPPER BEHAVIOR— an indication of whether the SQL/JSON SEQUENCE is to be “wrapped” in
anSQL/JSONarray (WITHUNCONDITIONALARRAYorWITHCONDITIONALARRAY)ornot (WITHOUT
ARRAY).

QUOTES BEHAVIOR— If OMIT, indicates that a sequence containing a single character string item
is cast rather than fully serialized.

EMPTY BEHAVIOR— an indication of the manner in which to behave if the SQL/JSON SEQUENCE is
empty (ERROR, EMPTY ARRAY, or EMPTY OBJECT).

ERROR BEHAVIOR— an indication of the manner in which to behave if an exception condition is
raised (ERROR, NULL, EMPTY ARRAY, or EMPTY OBJECT).

DATA TYPE— the data type that is the desired type of VALUE.

FORMAT OPTION— a value indicating how an SQL/JSON itemmust be serialized into a character or
binary string (JSON implies serialization using JSON rules; other content implies using rules other
than JSON rules).

STATUS OUT— an SQLSTATE value that indicates the success or reason for failure of the invocation
of this subclause using this signature.

VALUE— the resulting serialized value, if successful.

Syntax Rules

None.

Access Rules

None.
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General Rules

1) Let INST be the STATUS IN, let SEQ be the SQL/JSON SEQUENCE, letWRAPPER be theWRAPPER
BEHAVIOR, let QB be the QUOTES BEHAVIOR, let ONEMPTY be the EMPTY BEHAVIOR, let ONERROR
be the ERROR BEHAVIOR, let DT be the DATA TYPE, and let FO be the FORMAT OPTION in an
application of the General Rules of this Subclause. The result of the application of this Subclause is
returned as STATUS OUT and VALUE.

2) Except where explicitly specified, the General Rules of this Subclause are not terminated if an
exception condition is raised.

3) Let TEMPST be INST.

4) If TEMPST is successful completion (00000), then:

a) Case:

i) If the length of SEQ is 0 (zero), then letWRAPIT be False.
NOTE 501— This insures that the ON EMPTY behavior supersedes the WRAPPER behavior.

ii) IfWRAPPER is WITHOUT ARRAY, then letWRAPIT be False.

iii) IfWRAPPER is WITH UNCONDITIONAL ARRAY, then letWRAPIT be True.

iv) IfWRAPPER is WITH CONDITIONAL ARRAY, then

Case:

1) If SEQhas a single SQL/JSON item, and that item is anSQL/JSONarrayor SQL/JSON
object, then letWRAPIT be False.

2) Otherwise, letWRAPIT be True.

b) Case:

i) IfWRAPIT is False, then let SEQ2 be SEQ.

ii) IfWRAPIT is True, then let SEQ2 be an SQL/JSON sequence with a single SQL/JSON
item, that item being an SQL/JSON array whose elements are the items of SEQ, pre-
serving the order of the items in the resulting array.

c) Case:

i) If the length of SEQ2 is 0 (zero), then

Case:

1) IfONEMPTY is ERROR, then letTEMPSTbe the exception conditiondata exception
— no SQL/JSON item (22035).

2) IfONEMPTY is EMPTYARRAY, then letVbe an SQL/JSONarraywith no SQL/JSON
elements.

3) IfONEMPTY is EMPTYOBJECT, then letVbeanSQL/JSONobjectwithnoSQL/JSON
members.

NOTE 502— The case when ONEMPTY is NULL is handled later in these General Rules.

ii) If the length of SEQ2 is 1 (one), then let V be the only SQL/JSON item in SEQ2.

iii) Otherwise, let TEMPST be the exception condition data exception—more than one
SQL/JSON item (22034).
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5) If TEMPST is successful completion (00000), then

Case:

a) If the length of SEQ2 is 0 (zero) and ONEMPTY is NULL, then let JT be the null value and let
TEMPST be successful completion (00000).

b) If the length of SEQ2 is 1 (one), the single SQL/JSON item I in V is a character string, and QB
is OMIT, then

Case:

i) If DT is a character string type, then let X be an SQL variable whose value is I. Let JT be
the result of

CAST ( X AS DT )

If this conversion results in an exception condition, then let TEMPST be that exception
condition; otherwise, let TEMPST be successful completion (00000).

ii) If DT is a binary string type, then let BS be a binary string whose octets are the code
points of I after conversion to UTF8, UTF16, or UTF32 as indicated by the <JSON rep-
resentation> contained in FO. Let X be an SQL variable whose value is BS. Let JT be the
result of

CAST ( X AS DT )

If this conversion results in an exception condition, then let TEMPST be that exception
condition; otherwise, let TEMPST be successful completion (00000).

c) Otherwise, the General Rules of Subclause 9.43, “Serializing an SQL/JSON item”, are applied
with V as SQL/JSON ITEM, FO as FORMAT OPTION, and DECT as TARGET TYPE; let TEMPST be
the STATUS and let JT be the JSON TEXT returned from the application of those General Rules.

6) Case:

a) If TEMPST is an exception condition, then

Case:

i) If ONERROR is ERROR, then let OUTST be TEMPST.

ii) IfONERROR isNULL, then let JTbe thenull value and letOUTSTbe successful completion
(00000).

iii) If ONERROR is EMPTY ARRAY or EMPTY OBJECT, then:

1) Case:

A) If ONERROR is EMPTY ARRAY, then let X be an SQL/JSON array that has no
SQL/JSON elements.

B) If ONERROR is EMPTY OBJECT, then let X be an SQL/JSON object that has
no SQL/JSONmembers.

2) The General Rules of Subclause 9.43, “Serializing an SQL/JSON item”, are applied
with X as SQL/JSON ITEM, FO as FORMAT OPTION, and DECT as TARGET TYPE; let
OUTST be the STATUS and let JT be the JSON TEXT returned from the application
of those General Rules.

b) Otherwise, let OUTST be TEMPST.
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7) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause,
which receives OUTST as STATUS OUT and JT as VALUE.

Conformance Rules

None.
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9.50 Converting a datetime to a formatted character string

Function

Convert a datetime value to a formatted character string value.

Subclause Signature

“Converting a datetime to a formatted character string” [Syntax Rules] (
  Parameter: “DATETIME TYPE”, 
  Parameter: “TEMPLATE”, 
  Parameter: “TARGET TYPE”
)

DATETIME TYPE— a datetime data type.

TEMPLATE— a <datetime template> (a pattern that expresses the format of a datetime when rep-
resented as a character string).

TARGET TYPE— a character string data type.

“Converting a datetime to a formatted character string” [General Rules] (
  Parameter: “DATETIME VALUE”, 
  Parameter: “TEMPLATE”, 
  Parameter: “TARGET TYPE”
) Returns: “FORMATTED CHARACTER STRING”

DATETIME VALUE— a datetime value.

TEMPLATE— a <datetime template> (a pattern that expresses the format of a datetime when rep-
resented as a character string).

TARGET TYPE— a character string data type.

FORMATTED CHARACTER STRING— a character string that represents DATETIME VALUE.

Syntax Rules

1) Let DT be the DATETIME TYPE, let CT be the TEMPLATE, and let TT be the TARGET TYPE in an
application of the Syntax Rules of this Subclause.

2) The Syntax Rules of Subclause 9.52, “Datetime templates”, are applied with DT as DATETIME TYPE
and CT as TEMPLATE.

3) The length ormaximum length of TT shall be equal to or greater than theminimum template length
of CT.

Access Rules

None.
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General Rules

1) Let DV be the DATETIME VALUE, let CT be the TEMPLATE, and let TT be the TARGET TYPE in an
application of the General Rules of this Subclause. The result of the application of this Subclause is
returned as FORMATTED CHARACTER STRING.

2) Let CHARSET be the character set of TT.

3) Let N be the number of <datetime template part>s contained in CT. Let DTPi, 1 ≤ i ≤ N, be the <dat-
etime template part>s in CT enumerated in order of occurrence.

4) Let SEC be the SECOND field of DV, if any. Let FP be the fractional precision of CT. Let RSEC be SEC
converted to an exact numeric value whose scale is FP, with implementation-defined (IA074)
truncation or rounding.

5) For i ranging from 1 (one) to N, inclusive:

Case:

a) If DTPi is a <datetime template delimiter>, then let Si be a character string of character set
CHARSETwhose value is DTPi.

b) If DTPi is a <datetime template year> or <datetime template rounded year>, then:

i) Let Vi be an <unsigned integer> of exactly four <digit>s whose value is the YEAR field
of DV.

ii) Let Li be the number of characters in DTPi.

iii) Let Si be a character string of character set CHARSET and length Liwhose value is the
last Li <digit>s of Vi.

c) If DTPi is <datetime template month>, then let Vi be an <unsigned integer> of exactly two
<digit>s whose value is the MONTH field of DV. Let Si be a character string of character set
CHARSET and length 2 whose value is Vi.

d) If DTPi is <datetime template day of month>, then let Vi be an <unsigned integer> of exactly
two <digit>s whose value is the DAY field of DV. Let Si be a character string of character set
CHARSET and length 2 whose value is Vi.

e) If DTPi is <datetime template day of year>, then let Vi be an <unsigned integer> of exactly
three <digit>s whose value is the calendar day of year of the calendar day identified by the
YEAR, MONTH, and DAY fields of DV. Let Si be a character string of character set CHARSET
and length 3 whose value is Vi.

f) If DTPi is <datetime template 12-hour>, then:

i) Let H be the value of the HOUR field of DV.

ii) Case:

1) If H is 0 (zero), then let HH be 12.

2) If H is greater than 12, then let HH be H − 12.

3) Otherwise, let HH be H.
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iii) Let Vi be an <unsigned integer> of exactly two <digit>s whose value is HH. Let Si be a
character string of character set CHARSET and length 2 whose value is Vi.

g) If DTPi is <datetime template 24-hour>, then let Vi be an <unsigned integer> of exactly two
<digit>s whose value is the value of the HOUR field of DV. Let Si be a character string of char-
acter set CHARSET and length 2 whose value is Vi.

h) If DTPi is <datetime template minute>, then let Vi be an <unsigned integer> of exactly two
<digit>s whose value is the value of the MINUTE field of DV. Let Si be a character string of
character set CHARSET and length 2 whose value is Vi.

i) IfDTPi is <datetime template secondofminute>, then letVibe an<unsigned integer> of exactly
two <digit>s whose value is the value of the integer portion of RSEC. Let Si be a character
string of character set CHARSET and length 2 whose value is Vi.

j) If DTPi is <datetime template second of day>, then:

i) Let SECS be the number of seconds in the day, using RSEC as the number of seconds
within the minute.

NOTE 503— If the SQL-implementation does not support leap seconds, then this value can be com-
puted by the usual rules that there are 60 seconds in a minute and 60 minutes in an hour. If the SQL-
implementation supports leap seconds, then this value can also depend on the YEAR, MONTH, and
DAY fields in DV.

ii) Let Vi be an <unsigned integer> of exactly 5 <digit>s whose value is SECS.

iii) Let Si be a character string of character set CHARSET and length 5 whose value is Vi.

k) If DTPi is a <datetime template fraction>, then:

i) Let Vi be an <exact numeric literal> beginningwith a <period> and followed by exactly
Li <digit>s whose value is the value of the fractional portion of RSEC.

ii) Let Si be a character string of character set CHARSET and length Liwhose value is the
last Li <digit>s of Vi

l) If DTPi is <datetime template am/pm>, then let H be the HOUR field of DV.

Case:

i) If H is less than 12, then let Si be the character string of character set CHARSET and
length 4 whose characters are 'A.M.'.

ii) Otherwise, let Si be the character string of character set CHARSET and length 4 whose
characters are 'P.M.'.

m) If DTPi is <datetime template time zone hour>, then let TZH be the value of the
TIMEZONE_HOURfield ofDV. LetVibe a<signed integer> containing a<sign> and two<digit>s
whose value is TZH. If either the TIMEZONE_HOUR or the TIMEZONE_MINUTE fields of DV is
negative, then the <sign> is <minus sign>; otherwise, the <sign> is <plus sign>. Let Si be a
character string of character set CHARSET and length 3 whose value is Vi.

NOTE 504— For example, if the TIMEZONE_HOUR is 0 (zero) and the TIMEZONE_MINUTE is −30, then Si is
'−00', because the complete time zone is −00:30.

n) If DTPi is <datetime template time zone minute>, then let TZM be the absolute value of the
TIMEZONE_MINUTE field of DV. Let Vi be an <unsigned integer> containing two <digit>s

774 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
9.50 Converting a datetime to a formatted character string

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


whose value is TZM. Let Si be a character string of character set CHARSET and length 2 whose
value is Vi.

6) Let FCS be the concatenation

S1 || S2 || ... || SN

7) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause,
which receives FCS as FORMATTED CHARACTER STRING.

Conformance Rules

None.
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9.51 Converting a formatted character string to a datetime

Function

Convert a formatted character string value to a datetime value.

Subclause Signature

“Converting a formatted character string to a datetime” [Syntax Rules] (
  Parameter: “DATETIME TYPE”, 
  Parameter: “TEMPLATE”, 
  Parameter: “CHARACTER STRING TYPE”
)

DATETIME TYPE— a datetime data type.

TEMPLATE— a <datetime template> (a pattern that expresses the format of a datetime when rep-
resented as a character string).

CHARACTER STRING TYPE— a character string data type.

“Converting a formatted character string to a datetime” [General Rules] (
  Parameter: “DATETIME TYPE”, 
  Parameter: “TEMPLATE”, 
  Parameter: “FORMATTED CHARACTER STRING”
) Returns: “DATETIME VALUE”

DATETIME TYPE— a datetime data type.

TEMPLATE— a <datetime template> (a pattern that expresses the format of a datetime when rep-
resented as a character string).

FORMATTED CHARACTER STRING— a character string that represents a datetime value.

DATETIME VALUE—a datetime value that corresponds to the datetime represented in FORMATTED
CHARACTER STRING.

Syntax Rules

1) Let DT be the DATETIME TYPE, let CT be the TEMPLATE, and let CST be the CHARACTER STRING
TYPE in an application of the Syntax Rules of this Subclause.

2) The Syntax Rules of Subclause 9.52, “Datetime templates”, are applied with DT as DATETIME TYPE
and CT as TEMPLATE.

3) The lengthormaximum lengthofCST shall be equal to or greater than theminimumtemplate length
of CT.

4) Let N be the number of <datetime template part>s contained in CT. For all i, 1 (one) ≤ i ≤ N:

a) Let DTPi be the i-th such <datetime template part>.

b) Case:

i) If DTPi is <datetime template time zone hour>, then let Li be 2.

ii) Otherwise, let Li be the maximum field length of DTPi.
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c) Case:

i) If DTPi is delimited, then let Qi be

{1,Li}

ii) Otherwise, let Qi be

{Li}

NOTE 505— Qi is the quantifier on the regular expression that will match a string of digits. If the
field is delimited, then the length of the string can be between 1 (one) and Li digits; otherwise, the
string must be exactly Li digits.

d) Case:

i) IfDTPi is a <datetime template delimiter>, then let REi be the <character string literal>

Case:

1) If DTPi is a <minus sign>, then

'\-'

2) If DTPi is a <period>, then

'\.'

3) If DTPi is a <solidus>, then

'/'

4) If DTPi is a <comma>, then

','

5) If DTPi is an <apostrophe>, then

''''

6) If DTPi is a <semicolon>, then

';'

7) If DTPi is a <colon>, then

':'

8) If DTPi is a <space>, then

' '

NOTE 506— This is a character string comprising a single <space>.

ii) If DTPi is a <datetime template am/pm>, then let REi be the <character string literal>

'((A|P)\.M\.)'

iii) If DTPi is a <datetime template time zone hour>, then let REi be the <character string
literal>
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'((\+|\-| )[\p{Nd}]Qi)'

NOTE 507— The first character of a time zone hour field must be a sign or a space.

iv) Otherwise, let REi be the <character string literal>

'([\p{Nd}]Qi)'

NOTE 508— That is, a numeric field matches a sequence of digits. If the field is delimited, then the
number of digits can vary from1 (one) through the length of the field; otherwise, the number of digits
must be the length of the field.

5) The regular expression defined by CT is the concatenation

'^' || RE1 || RE2 || ... || REN || '$'

Let RX be the regular expression defined by CT.

6) For each <datetime template field> Fi, 1 (one) ≤ i ≤N, contained in P, the regular expression position
of Fi is defined as follows:

a) Let DTPi be the <datetime template part> that is Fi.

b) Let NLP be the number of <left paren>s in RX that precede the occurrence of REi.

c) The regular expression position of Fi is NLP + 1.

7) Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause.

Access Rules

None.

General Rules

1) LetDTbe theDATETIMETYPE, let CTbe theTEMPLATE, and let FCSbe the FORMATTEDCHARACTER
STRING in an application of the General Rules of this Subclause. The result of the application of this
Subclause is returned as DATETIME VALUE.

2) If FCS is the null value, then let DV be the null value of type DT. DV is returned as the result of the
execution of these General Rules, and no further General Rules of this Subclause are evaluated.

3) Let RE be the regular expression defined by CT.

4) If the <regex like predicate>

FCS LIKE_REGEX RE

is False, then the exception condition data exception— invalid datetime format (22007) is raised
and no further General Rules of this Subclause are evaluated.

5) Let NOW be the value of CURRENT_TIMESTAMP. Let CY be the YEAR field of NOW. Let CYLIT be an
<unsigned integer> of four <digit>s whose value is CY. Let CM be the MONTH field of NOW. Let
CMLIT be an <unsigned integer> of two <digit>s whose value is CM.

6) Case:

a) If CT contains a <datetime template year> YY, then:
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Let YYPOS be an <exact numeric literal>whose value is the regular expression position
of YY.

i)

ii) Let YYSTR be the result of

SUBSTRING_REGEX ( RX IN FCS GROUP YYPOS )

iii) Let YYLEN be the length of YYSTR.

iv) Let YYPREFIX be the first (4 − YYLEN) digits of CYLIT.
NOTE 509— If the length of YYSTR is 4, then YYPREFIX is a zero-length string.

v) Let YYYY be the result of

YYPREFIX || YYSTR

vi) Let YEAR be the value of YYYY interpreted as an <unsigned integer>.

b) If CT contains a <datetime template rounded year> RR, then:

i) LetRRPOSbe an <exact numeric literal>whose value is the regular expression position
of RR.

ii) Let RRSTR be the result of

SUBSTRING_REGEX ( RX IN FCS GROUP RRPOS )

iii) Let RRLEN be the length of RRSTR.

iv) Let RY be an implementation-defined (IV096) exact numeric value of scale 0 (zero)
that is between CY−100 and CY+100, inclusive. Let RYLIT be an <unsigned integer> of
four <digit>s whose value is RY.

v) Let RRPREFIX be the first (4 − RRLEN) digits of RYLIT.
NOTE 510— If the length of RRSTR is 4, then RRPREFIX is a zero-length string.

vi) Let RRRR be the result of

RRPREFIX || RRSTR

vii) Let YEAR be the value of RRRR interpreted as an <unsigned integer>.

c) Otherwise, let YEAR be CY.

7) Case:

a) If CT contains a <datetime template day of year> DOY, then:

i) LetDOYPOSbe an<exact numeric literal>whose value is the regular expressionposition
of DOY.

ii) Let DOYSTR be result of

SUBSTRING_REGEX ( RX IN FCS GROUP DOYPOS )

iii) Let DAYOFYEAR be the value of DOYSTR interpreted as an <unsigned integer>.

iv) LetMONTH andDAY be the numbers of the calendarmonth and calendar day ofmonth,
respectively, corresponding to DAYOFYEAR interpreted as the calendar day of year in
the current year CY.

b) Otherwise:
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i) Case:

1) If CT contains a <datetime template month>MM, then:

A) LetMMPOS be an <exact numeric literal> whose value is the regular
expression position ofMM.

B) LetMMSTR be the result of

SUBSTRING_REGEX ( RX IN FCS GROUP MMPOS )

C) LetMONTH be the value ofMMSTR interpreted as an <unsigned literal>.

2) Otherwise, letMONTH be CM.

ii) Case:

1) If CT contains a <datetime template day of month> DD, then:

A) Let DDPOS be an <exact numeric literal> whose value is the regular
expression position of SJDD.

B) Let DDSTR be result of

SUBSTRING_REGEX ( RX IN FCS GROUP DDPOS )

C) Let DAY be the value of DDSTR interpreted as an <unsigned integer>.

2) Otherwise, let DAY be 1 (one).

8) Case:

a) If CT contains <datetime template second of day> SOD, then:

i) Let SODPOSbe an<exact numeric literal>whose value is the regular expressionposition
of SOD.

ii) Let SODSTR be result of

SUBSTRING_REGEX ( RX IN FCS GROUP SODPOS )

iii) Let SECOFDAY be the value of SODSTR interpreted as an <unsigned integer>.

iv) LetHOUR,MINUTE, and SECONDbe thenumberof hours,minutes, and seconds implied
by interpreting SECOFDAY as the number of seconds since the beginning of the day,
taking account of leap seconds if the SQL-implementation supports leap seconds and
the day specified by YEAR,MONTH, and DAY has leap seconds.

b) Otherwise:

i) Case:

1) If CT contains a <datetime template 24-hour> HH24, then:

A) Let HH24POS be an <exact numeric literal> whose value is the regular
expression position of HH24.

B) Let HH24STR be result of

SUBSTRING_REGEX ( RX IN FCS GROUP HH24POS )

C) Let HOUR be the value of HH24STR interpreted as an <unsigned integer>.
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2) If CT contains <datetime template 12-hour> HH12 and <datetime template
am/pm> AMPM, then:

NOTE 511— By the Syntax Rules of Subclause 9.52, “Datetime templates”, either both are
present or neither are present.

A) Let HH12POS be an <exact numeric literal> whose value is the regular
expression position of HH12.

B) Let HH12STR be result of

SUBSTRING_REGEX ( RX IN FCS GROUP HH12POS )

C) LetHOUR12 be the value ofHH12STR interpreted as an <unsigned integer>.

D) Case:

I) If HOUR12 is 12, then let HOURTEMP be 0 (zero).

II) Otherwise, let HOURTEMP be HOUR12.

E) Let AMPMPOS be an <exact numeric literal> whose value is the regular
expression position of AMPM.

F) Let AMPMSTR be result of

SUBSTRING_REGEX ( RX IN FCS GROUP AMPMPOS )

G) Case:

I) If the first character ofAMPMSTR is 'P', then letHOUR beHOURTEMP
+ 12.

II) Otherwise, let HOUR be HOURTEMP.

3) Otherwise, let HOUR be 0 (zero).

ii) Case:

1) If CT contains a <datetime template minute>MI, then:

A) LetMIPOS be an <exact numeric literal> whose value is the regular expres-
sion position ofMI.

B) LetMISTR be result of

SUBSTRING_REGEX ( RX IN FCS GROUP MIPOS )

C) LetMIN be the value ofMISTR interpreted as an <unsigned integer>.

2) Otherwise, letMIN be 0 (zero).

iii) Case:

1) If CT contains a <datetime template second of minute> SS, then:

A) Let SSPOS be an <exact numeric literal> whose value is the regular expres-
sion position of SS.

B) Let SSSTR be result of

SUBSTRING_REGEX ( RX IN FCS GROUP SSPOS )

C) Let SEC be the value of SSSTR interpreted as an <unsigned integer>.
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2) Otherwise, let SS be 0 (zero).

9) Case:

a) If CT contains <datetime template fraction> FF, then:

i) Let FFPOS be an <exact numeric literal>whose value is the regular expression position
of FF.

ii) Let FFSTR be result of

'0.' || SUBSTRING_REGEX ( RX IN FCS GROUP FFPOS )

iii) Let FRACTION be the value of FFSTR interpreted as an <exact numeric literal>.

b) Otherwise, let FRACTION be the exact numeric value 0.0.

10) Case:

a) If CT contains a <datetime template time zone hour> TZH, then:

i) Let TZHPOS be the regular expression position of TZH.

ii) Let TZHSTR be result of

SUBSTRING_REGEX ( RX IN FCS GROUP TZHPOS )

iii) If thefirst character ofTZHSTR is <space>, then thefirst character ofTZHSTR is replaced
with <plus sign>.

iv) Let TZSIGN be the first character of TZHSTR.

v) Let TZHOUR be the value of TZHSTR interpreted as a <signed numeric literal>.

b) Otherwise, let TZHOUR be 0 (zero).

11) Case:

a) If CT contains a <datetime template time zone minute> TZM, then:

i) Let TZMPOS be the regular expression position of TZM.

ii) Let TZMSTR be result of

SUBSTRING_REGEX ( RX IN FCS GROUP TZMPOS )

iii) Let TZMINABS be the value of TZMSTR interpreted as an <unsigned integer>.

iv) Case:

1) If TZSIGN is <minus sign>, then let TZMIN be −TZMINABS.

2) Otherwise, let TZMIN be TZMINABS.

b) Otherwise, let TZMIN be 0 (zero).

12) Case:

a) If DT is DATE, then let DV be a value of type DTwhose YEAR field is YEAR, MONTH field is
MONTH, and DAY field is DAY. If DV is not a valid date in the Gregorian calendar, then an
exception condition is raised: data exception— invalid datetime format (22007).

b) If DT is TIMEWITHOUT TIME ZONE, then let DV be a value of type DTwhose HOUR field is
HOUR, MINUTE field isMIN, and SECOND field is SEC+FRACTION. If DV is not a valid time in
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theGregorian calendar, then an exception condition is raised:data exception— invalid datetime
format (22007).

c) If DT is TIMEWITH TIME ZONE, then let DV be a value of type DTwhose HOUR field is HOUR,
MINUTE field isMIN, SECONDfield is SEC+FRACTION, TIMEZONE_HOURfield is TZHOUR, and
TIMEZONE_MINUTE field is TZMIN. If DV is not a valid time in the Gregorian calendar, then
an exception condition is raised: data exception— invalid datetime format (22007).

d) If DT is TIMESTAMPWITHOUT TIME ZONE, then let DV be a value of type DTwhose YEAR
field is YEAR, MONTH field isMONTH, DAY field is DAY, HOUR field is HOUR, MINUTE field is
MIN, and SECOND field is SEC+FRACTION. If DV is not a valid time in the Gregorian calendar,
then an exception condition is raised: data exception— invalid datetime format (22007).

e) If DT is TIMESTAMPWITH TIME ZONE, then let DV be a value of type DTwhose YEAR field is
YEAR, MONTH field isMONTH, DAY field is DAY, HOUR field is HOUR, MINUTE field isMIN,
SECOND field is SEC+FRACTION, TIMEZONE_HOUR field is TZHOUR, and TIMEZONE_MINUTE
field is TZMIN. If DV is not a valid time in the Gregorian calendar, then an exception condition
is raised: data exception— invalid datetime format (22007).

13) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause,
which receives DV as DATETIME VALUE.

Conformance Rules

None.
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9.52 Datetime templates

Function

Specify the templates to use to convert between datetime types and character string types.

Subclause Signature

“Datetime templates” [Syntax Rules] (
  Parameter: “DATETIME TYPE”, 
  Parameter: “TEMPLATE”
)

DATETIME TYPE— a datetime data type.

TEMPLATE— a <datetime template>.

Format
<datetime template> ::=
{ <datetime template part> }...

<datetime template part> ::=
<datetime template field>

| <datetime template delimiter>

<datetime template field> ::=
<datetime template year>

| <datetime template rounded year>
| <datetime template month>
| <datetime template day of month>
| <datetime template day of year>
| <datetime template 12-hour>
| <datetime template 24-hour>
| <datetime template minute>
| <datetime template second of minute>
| <datetime template second of day>
| <datetime template fraction>
| <datetime template am/pm>
| <datetime template time zone hour>
| <datetime template time zone minute>

<datetime template delimiter> ::=
<minus sign>

| <period>
| <solidus>
| <comma>
| <apostrophe>
| <semicolon>
| <colon>
| <space>

<datetime template year> ::=
 YYYY | YYY | YY | Y

<datetime template rounded year> ::=
 RRRR | RR
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<datetime template month> ::=
MM

<datetime template day of month> ::=
DD

<datetime template day of year> ::=
DDD

<datetime template 12-hour> ::=
 HH | HH12

<datetime template 24-hour> ::=
HH24

<datetime template minute> ::=
MI

<datetime template second of minute> ::=
SS

<datetime template second of day> ::=
SSSSS

<datetime template fraction> ::=
 FF1 | FF2 | FF3 | FF4 | FF5 | FF6 | FF7 | FF8 | FF9

<datetime template am/pm> ::=
 A.M. | P.M.

<datetime template time zone hour> ::=
TZH

<datetime template time zone minute> ::=
TZM

Syntax Rules

1) Let DT be the DATETIME TYPE and let CT be the TEMPLATE in an application of the Syntax Rules
of this Subclause.

2) CT shall conform to the lexical grammar of a <datetime template>.

3) CT shall not contain two consecutive <datetime template delimiter>s.

4) CT shall contain atmost one of each of the following: <datetime template year>, <datetime template
roundedyear>, <datetime templatemonth>, <datetime template dayofmonth>, <datetime template
day of year>, <datetime template 12-hour>, <datetime template 24-hour>, <datetime template
minute>, <datetime template second of minute>, <datetime template second of day>, <datetime
template fraction>, <datetime template am/pm>,<datetime template timezonehour>, and<datetime
template time zone minute>.

5) CT shall not contain both <datetime template year> and <datetime template rounded year>,

6) IfCT contains<datetime template dayof year>, thenCT shall not contain<datetime templatemonth>
or <datetime template day of month>.

7) IfCT contains <datetime template 24-hour>, thenCT shall not contain <datetime template 12-hour>
or <datetime template am/pm>.

8) If CT contains <datetime template 12-hour>, then CT shall contain <datetime template am/pm>
and shall not contain <datetime template 24-hour>.
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9) If CT contains <datetime template am/pm>, then CT shall contain <datetime template 12-hour>
and shall not contain <datetime template 24-hour>.

10) If CT contains <datetime template second of day>, then CT shall not contain any of the following:
<datetime template12-hour>, <datetime template24-hour>, <datetime templateminute>, <datetime
template second of minute>, or <datetime template am/pm>.

11) If CT contains <datetime template time zone minute>, then CT shall contain <datetime template
time zone hour>.

12) Case:

a) If DT is DATE, then CT shall not contain <datetime template 24-hour>, <datetime template
12-hour>, <datetime template minute>, <datetime template second of minute>, <datetime
template secondofday>, <datetime template fraction>, <datetime template am/pm>,<datetime
template time zone hour>, or <datetime template time zone minute>.

b) If DT is TIMEWITHOUT TIME ZONE, then CT shall not contain <datetime template year>,
<datetime template rounded year>, <datetime template month>, <datetime template day of
month>, <datetime template day of year>, <datetime template time zone hour>, or <datetime
template time zone minute>.

c) IfDT is TIMEWITHTIMEZONE, thenCT shall not contain <datetime template year>, <datetime
template rounded year>, <datetime template month>, <datetime template day of month>, or
<datetime template day of year>

d) If DT is TIMESTAMPWITHOUT TIME ZONE, then CT shall not contain <datetime template
time zone hour> or <datetime template time zone minute>.

NOTE 512— All datetime template fields are permitted with TIMESTAMPWITH TIME ZONE.

13) A <datetime template part> DTP contained in CT is left-delimited if and only if at least one of the
following is true:

a) DTP is the first <datetime template part> contained in CT.

b) DTP is a <datetime template am/pm> or a <datetime template time zone hour>.

c) DTP is immediately preceded in CT by a <datetime template delimiter> or <datetime template
am/pm>.

14) A <datetime template part> DTP contained in CT is right-delimited if and only if at least one of the
following is true:

a) DTP is the last <datetime template field> contained in CT.

b) DTP is a <datetime template am/pm>.

c) DTP is immediately followed in CT by a <datetime template delimiter>, <datetime template
am/pm>, or <datetime template time zone hour>.

15) A <datetime template part> DTP contained in CT is delimited if it is both left-delimited and right-
delimited.

16) Themaximum field length of a <datetime template part> DTP is defined as follows.

Case:

a) The maximum field length of a <datetime template 12-hour>, <datetime template 24-hour>,
or <datetime template time zone minute> is 2.

b) The maximum field length of a <datetime template fraction> FF1, FF2, FF3, FF4, FF5, FF6,
FF7, FF8, or FF9 is 1 (one), 2, 3, 4, 5, 6, 7, 8, 9, respectively.
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c) Otherwise, the maximum field length of DTP is the number of characters in DTP.
NOTE 513—Themaximumfield length of <datetime template time zone hour> is 3 (one character for a sign,
plus two digits).

17) Themaximum template length of CT is the arithmetic sum of the maximum field lengths of the
<datetime template part>s contained in CT.

18) Theminimum field length of a <datetime template part> DTP of CT is

Case:

a) If DTP is not delimited, then the maximum field length of DTP.

b) If DTP is a <datetime template time zone hour>, then 2.
NOTE 514— A <datetime template time zone hour> is matched by a sign and one or two digits.

c) Otherwise, 1 (one).

19) Theminimum template length of CT is the arithmetic sum of the minimum field lengths of all <dat-
etime template part>s contained in CT.

20) The fractional precision of CT is

Case:

a) If CT contains <datetime template fraction> FF1, FF2, FF3, FF4, FF5, FF6, FF7, FF8, or FF9,
then the fractional precision is 1 (one), 2, 3, 4, 5, 6, 7, 8, or 9, respectively.

b) Otherwise the fractional precision is 0 (zero).

21) Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause.

Access Rules

None.

General Rules

None.

Conformance Rules

1) Without Feature F555, “Enhanced seconds precision”, a <datetime template fraction> shall not be
FF7, FF8 or FF9.

2) Without Feature F411, “Time zone specification”, a <datetime template field> shall not be <datetime
template time zone hour> or <datetime template time zone minute>.
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10 Additional common elements

This Clause is modified by Clause 9, “Additional common elements”, in ISO/IEC 9075-4.
This Clause is modified by Clause 9, “Additional common elements”, in ISO/IEC 9075-9.
This Clause is modified by Clause 9, “Additional common elements”, in ISO/IEC 9075-13.
This Clause is modified by Clause 11, “Additional common elements”, in ISO/IEC 9075-14.
This Clause is modified by Clause 10, “Additional common elements”, in ISO/IEC 9075-15.
This Clause is modified by Clause 10, “Additional common elements”, in ISO/IEC 9075-16.

10.1 <interval qualifier>

Function

Specify the precision of an interval data type.

Format
<interval qualifier> ::=

<start field> TO <end field>
| <single datetime field>

<start field> ::=
<non-second primary datetime field>
    [ <left paren> <interval leading field precision> <right paren> ]

<end field> ::=
<non-second primary datetime field>

| SECOND [ <left paren> <interval fractional seconds precision> <right paren> ]

<single datetime field> ::=
<non-second primary datetime field>
    [ <left paren> <interval leading field precision> <right paren> ]

| SECOND [ <left paren> <interval leading field precision>
    [ <comma> <interval fractional seconds precision> ] <right paren> ]

<primary datetime field> ::=
<non-second primary datetime field>

| SECOND

<non-second primary datetime field> ::=
YEAR

| MONTH
| DAY
| HOUR
| MINUTE

<interval fractional seconds precision> ::=
<unsigned integer>

<interval leading field precision> ::=
<unsigned integer>
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Syntax Rules

1) There is an ordering of significance of <primary datetime field>s. In order frommost significant to
least significant, the ordering is: YEAR, MONTH, DAY, HOUR, MINUTE, and SECOND. A <start field>
or <single datetime field> with an <interval leading field precision> i is more significant than a
<start field> or <single datetime field> with an <interval leading field precision> j if i>j. An <end
field> or <single datetime field> with an <interval fractional seconds precision> i is less significant
than an <end field> or <single datetime field> with an <interval fractional seconds precision> j if
i>j.

2) If TO is specified, then <start field> shall bemore significant than <end field> and <start field> shall
not specify MONTH. If <start field> specifies YEAR, then <end field> shall specify MONTH.

3) The maximum value of <interval leading field precision> is implementation-defined (IL059), but
shall not be less than 2.

4) Themaximum value of <interval fractional seconds precision> is implementation-defined (IL060),
but shall not be less than 6.

5) An <interval leading field precision>, if specified, shall be greater than 0 (zero) and shall not be
greater than the implementation-defined (IL059)maximum. If <interval leading field precision> is
not specified, then an <interval leading field precision> of 2 is implicit.

6) An <interval fractional seconds precision>, if specified, shall be greater than or equal to 0 (zero)
and shall not be greater than the implementation-defined (IL060)maximum. If SECOND is specified
and <interval fractional seconds precision> is not specified, then an <interval fractional seconds
precision> of 6 is implicit.

7) The precision of a field other than the <start field> or <single datetime field> is

Case:

a) If the field is not SECOND, then 2.

b) Otherwise, 2 digits before the decimal point and the explicit or implicit <interval fractional
seconds precision> after the decimal point.

Access Rules

None.

General Rules

1) An item qualified by an <interval qualifier> contains the datetime fields identified by the <interval
qualifier>.

Case:

a) If the <interval qualifier> specifies a <single datetime field>, then the <interval qualifier>
identifies a single <primary datetime field>. Any reference to themost significant or least sig-
nificant <primary datetime field> of the item refers to that <primary datetime field>.

b) Otherwise, the <interval qualifier> identifies those datetime fields from <start field> to <end
field>, inclusive.

2) An <interval leading field precision> specifies

Case:
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a) If the <primary datetime field> is SECOND, then the number of decimal digits of precision
before the specified or implied decimal point of the seconds <primary datetime field>.

b) Otherwise, the number of decimal digits of precision of the first <primary datetime field>.

3) An <interval fractional seconds precision> specifies the number of decimal digits of precision fol-
lowing the specified or implied decimal point in the <primary datetime field> SECOND.

4) The length in positions of an item of type interval is computed as follows.

Case:

a) If the item is a year-month interval, then

Case:

i) If the <interval qualifier> is a <single datetime field>, then the length in positions of
the item is 1 (one) (the length of the <sign> of an interval value) plus the implicit or
explicit <interval leading field precision> of the <single datetime field>.

ii) Otherwise, the length in positions of the item is 1 (one) (the length of the <sign> of an
interval value) plus the implicit or explicit <interval leading field precision> of the
<start field> plus 2 (the length of the <non-second primary datetime field> that is the
<end field>) plus 1 (one) (the length of the <minus sign> between the <years value>
and the <months value> in a <year-month literal>).

b) Otherwise,

Case:

i) If the <interval qualifier> is a <single datetime field> that does not specify SECOND,
then the length in positions of the item is 1 (one) (the length of the <sign> of an interval
value) plus the implicit or explicit <interval leading field precision> of the <single dat-
etime field>.

ii) If the <interval qualifier> is a <single datetime field> that specifies SECOND, then the
length in positions of the item is 1 (one) (the length of the <sign> of an interval value)
plus the implicit or explicit <interval leading field precision> of the <single datetime
field> plus the implicit or explicit <interval fractional seconds precision>. If <interval
fractional seconds precision> is greater than zero, then the length in positions of the
item is increased by 1 (one) (the length in positions of the <period> between the
<seconds integer value> and the <seconds fraction>).

iii) Otherwise, let participating datetime fieldsmean the datetime fields that are less signi-
ficant than the <start field> and more significant than the <end field> of the <interval
qualifier>. The length in positions of each participating datetime field is 2.

Case:

1) If <end field> is SECOND, then the length in positions of the item is 1 (one) (the
length of the <sign> of an interval value) plus the implicit or explicit <interval
leading field precision>, plus 3 times the number of participating datetime fields
(each participating datetime field has length 2 positions, plus the <minus sign>s
or <colon>s that precede them have length 1 (one) position), plus the implicit or
explicit <interval fractional seconds precision>, plus 3 (the length in positions of
the <end field> other than any <interval fractional seconds precision> plus the
length in positions of its preceding <colon>). If <interval fractional seconds pre-
cision> is greater than zero, then the length in positions of the item is increased
by 1 (one) (the length in positions of the <period> within the field identified by
the <end field>).
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2) Otherwise, the length in positions of the item is 1 (one) (the length of the <sign>
of an interval value) plus the implicit or explicit <interval leadingfieldprecision>,
plus 3 times the number of participating datetime fields (each participating
datetime field has length 2 positions, plus the <minus sign>s or <colon>s that
precede them have length 1 (one) position), plus 2 (the length in positions of the
<end field>), plus 1 (one) (the length in positions of the <colon> preceding the
<end field>).

Conformance Rules

1) Without Feature F052, “Intervals and datetime arithmetic”, conforming SQL language shall not
contain an <interval qualifier>.
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10.2 <language clause>
This Subclause is modified by Subclause 9.1, “<language clause>”, in ISO/IEC 9075-13.

Function

Specify a programming language.

Format
<language clause> ::=
LANGUAGE <language name>

13 <language name> ::=
ADA

| C
| COBOL
| FORTRAN
| M | MUMPS
| PASCAL
| PLI
| SQL

Syntax Rules

1) If MUMPS is specified, then M is implicit.

Access Rules

None.

General Rules

1) The host language specified by the <language clause> is defined in the International Standard
identifiedby the<languagename>keyword. Table 20, “Standardprogramming languages”, specifies
the relationship.

Table 20— Standard programming languages

Relevant standardLanguage
keyword

ISO/IEC 8652:2012ADA

ISO/IEC 9899:2018C

ISO 1989:2014COBOL

ISO/IEC 1539-1:2018FORTRAN

ISO/IEC 11756:1999M

ISO 7185:1990 and ISO/IEC 10206:1991PASCAL
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Relevant standardLanguage
keyword

ISO 6160:1979PLI

ISO/IEC 9075 seriesSQL

Conformance Rules

None.
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10.3 <path specification>

Function

Specify an order for searching for an SQL-invoked routine.

Format
<path specification> ::=
PATH <schema name list>

<schema name list> ::=
<schema name> [ { <comma> <schema name> }... ]

Syntax Rules

1) No two <schema name>s contained in <schema name list> shall be equivalent.

Access Rules

None.

General Rules

None.

Conformance Rules

1) Without Feature S071, “SQL paths in function and type name resolution”, conforming SQL language
shall not contain a <path specification>.
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10.4 <routine invocation>
This Subclause is modified by Subclause 9.4, “<routine invocation>”, in ISO/IEC 9075-13.

Function

Invoke an SQL-invoked routine.

Format
<routine invocation> ::=
<routine name> <SQL argument list>

<routine name> ::=
[ <schema name> <period> ] <qualified identifier>

<SQL argument list> ::=
<left paren>
    [ <SQL argument> [ { <comma> <SQL argument> }... ] [ <co-partition clause> ] ]

<right paren>

<SQL argument> ::=
<value expression>

| <generalized expression>
| <target specification>
| <contextually typed value specification>
| <named argument specification>
| <table argument>
| <descriptor argument>

<generalized expression> ::=
<value expression> AS <path-resolved user-defined type name>

<named argument specification> ::=
<SQL parameter name> <named argument assignment token>

<named argument SQL argument>

<named argument SQL argument> ::=
<value expression>

| <target specification>
| <contextually typed value specification>
| <table argument>
| <descriptor argument>

<table argument> ::=
<table argument proper>
    [ [ AS ] <table argument correlation name>
    [ <table argument parenthesized derived column list> ] ]
    [ <table argument partitioning> ]
    [ <table argument pruning> ]
    [ <table argument ordering> ]

<table argument correlation name> ::=
<correlation name>

<table argument parenthesized derived column list> ::=
<parenthesized derived column list>

<table argument proper> ::=
TABLE <left paren> <table or query name> <right paren>

| TABLE <table subquery>
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| <table function invocation>

<table function invocation> ::=
<routine invocation>

<table argument partitioning> ::=
PARTITION BY <table argument partitioning list>

<table argument partitioning list> ::=
<column reference>

| <left paren> [ <column reference> [ { <comma> <column reference> }... ] ] <right paren>

<table argument pruning> ::=
PRUNE WHEN EMPTY

| KEEP WHEN EMPTY

<table argument ordering> ::=
ORDER BY <table argument ordering list>

<table argument ordering list> ::=
<table argument ordering column>

| <left paren>
<table argument ordering column>

    [ { <comma> <table argument ordering column> }... ]
<right paren>

<table argument ordering column> ::=
<column reference> [ <ordering specification> ] [ <null ordering> ]

<co-partition clause> ::=
COPARTITION <co-partition list>

<co-partition list> ::=
<co-partition specification> [ { <comma> <co-partition specification> }... ]

<co-partition specification> ::=
<left paren> <range variable> <comma> <range variable>
    [ { <comma> <range variable> }... ] <right paren>

<range variable> ::=
<table name>

| <query name>
| <correlation name>

<descriptor argument> ::=
<descriptor value constructor>

| CAST <left paren> NULL AS DESCRIPTOR <right paren>

Syntax Rules

1) Let RI be the <routine invocation>, let TP be an empty <schema name> list, and let UDTSM be the
null value.

2) The Syntax Rules of Subclause 9.18, “Invoking an SQL-invoked routine”, are applied with RI as
ROUTINE INVOCATION, TP as SQLPATH, and UDTSM as UDT; let SR be the SUBJECT ROUTINE and
let SAL be the STATIC SQL ARG LIST returned from the application of those Syntax Rules.

Access Rules

None.
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General Rules

1) Let SR be the subject routine determined by the Syntax Rules of this Subclause, and let SAL be the
static SQL argument list determined by the Syntax Rules of this Subclause.

2) The General Rules of Subclause 9.18, “Invoking an SQL-invoked routine”, are applied with SR as
SUBJECTROUTINE and SAL as STATIC SQLARGLIST; letVbe theVALUE returned from the application
of those General Rules.

3) The value of the <routine invocation> is V.

Conformance Rules

1) Without Feature S023, “Basic structured types”, conforming SQL language shall not contain a
<generalized expression>.

2) Without Feature S203, “Array parameters”, conforming SQL language shall not contain an <SQL
argument> whose declared type is an array type.

3) Without Feature S202, “SQL-invoked routines on multisets”, conforming SQL language shall not
contain an <SQL argument> whose declared type is a multiset type.

4) Without Feature B033, “Untyped SQL-invoked function arguments”, conforming SQL language shall
not contain a <routine invocation> that is not simply contained in a <call statement> and that simply
contains an <SQL argument> that is a <dynamic parameter specification>.

5) Without Feature T521, “Named arguments in CALL statement”, conforming SQL language shall not
contain a <named argument specification> in a <routine invocation> whose subject routing is an
SQL-invoked procedure.

6) Without Feature T522, “Default values for IN parameters of SQL-invoked procedures”, conforming
SQL language shall not contain a <routine invocation> that is simply contained in a <call statement>
and that simply contains an <SQL argument> that is a <contextually typed value specification> and
that corresponds to an input SQL parameter.

7) Without FeatureT523, “Default values for INOUTparameters of SQL-invokedprocedures”, conform-
ing SQL language shall not contain a <routine invocation> that is simply contained in a <call state-
ment> and that simply contains an <SQL argument> that is a <default specification> and that cor-
responds to both an input SQL parameter and an output SQL parameter.

8) Without Feature T524, “Named arguments in routine invocations other than a CALL statement”,
conforming SQL language shall not contain a <named argument specification> in a <routine invoc-
ation> whose subject routing is an SQL-invoked function.

9) Without Feature T525, “Default values for parameters of SQL-invoked functions”, conforming SQL
language shall not contain a <routine invocation>whose subject routine is an SQL-invoked function
and that simply contains an <SQL argument> that is a <contextually typed value specification>.

10) Without Feature B200, “Polymorphic table functions”, a <routine invocation> shall not contain
<table argument> or <descriptor argument>.

11) Without Feature B202, “PTF copartitioning”, a <routine invocation> shall not contain <co-partition
clause>.

12) Without Feature B203, “More than one copartition specification”, a <routine invocation> shall
contain at most one <co-partition specification>.

13) Without Feature B204, “PRUNEWHEN EMPTY”, a <routine invocation> shall not contain <table
argument pruning>.
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14) Without Feature B206, “PTF descriptor parameters”, a <routine invocation> shall not contain
<descriptor argument>.

15) 13Without Feature B207, “Cross products of partitionings”, if a <routine invocation> containsmore
thanone<table argument> that has oneormorepartitioning columns, then the<routine invocation>
shall contain a <co-partition specification> containing precisely one <co-partition specification>
that references every <table argument> that has one or more partitioning columns.
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10.5 <character set specification>

Function

Identify a character set.

Format
<character set specification> ::=

<standard character set name>
| <implementation-defined character set name>
| <user-defined character set name>

<standard character set name> ::=
<character set name>

<implementation-defined character set name> ::=
<character set name>

<user-defined character set name> ::=
<character set name>

Syntax Rules

1) The <standard character set name>s and <implementation-defined character set name>s that are
supported are implementation-defined (IA040).

2) A character set identified by a <standard character set name>, or by an <implementation-defined
character set name> has associated with it a privilege descriptor that was effectively defined by
the <grant statement>

GRANT USAGE ON
CHARACTER SET CS
TO PUBLIC

where CS is the <character set name> contained in the <character set specification>. The grantor
of the privilege descriptor is set to the special grantor value "_SYSTEM".

3) The<standardcharacter setname>sshall includeSQL_CHARACTERand thosecharacter sets specified
in Subclause 4.3.7, “Character sets”, as defined by this and other standards.

4) The <implementation-defined character set name>s shall include SQL_TEXT and SQL_IDENTIFIER.

5) Let C be the <character set name> contained in the <character set specification>. The schema
identified by the explicit or implicit <schema name> of the <character set name> shall include the
descriptor of C.

6) If a <character set specification> is not contained in a <schema definition>, then the <character set
name> immediately contained in the <character set definition> shall contain an explicit <schema
name> that is not equivalent to INFORMATION_SCHEMA.

Access Rules

1) Case:
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If <character set specification> is contained, without an intervening <SQL routine spec> that
specifiesSQLSECURITY INVOKER, inan<SQLschemastatement>, then theapplicableprivileges
of the <authorization identifier> that owns the containing schema shall include USAGE on C.

a)

b) Otherwise, the current privileges shall include USAGE on C.

General Rules

1) A <character set specification> identifies a character set. Let the identified character set be CS.

2) A <standard character set name> specifies the name of a character set that is defined by a national
or international standard. The character repertoire of CS is defined by the standard defining the
character set identifiedby that <standard character set name>. Thedefault collation of the character
set is defined by the order of the characters in the standard and has the PAD SPACE characteristic.

3) An <implementation-defined character set name> specifies the name of a character set that is
implementation-defined (IE010). The character repertoire ofCS is implementation-defined (IV187).
The default collation of the character set and whether the collation has the NO PAD characteristic
or the PAD SPACE characteristic are implementation-defined (IV187).

4) A<user-defined character set name> identifies a character setwhosedescriptor is included in some
schema whose <schema name> is not equivalent to INFORMATION_SCHEMA.

NOTE 515—The default collation of the character set is defined as in Subclause 11.41, “<character set definition>”.

5) There is a character set descriptor for every character set that can be specified by a <character set
specification>.

Conformance Rules

1) Without Feature F461, “Named character sets”, conforming SQL language shall not contain a
<character set specification>.
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10.6 <specific routine designator>

Function

Specify an SQL-invoked routine.

Format
<specific routine designator> ::=

SPECIFIC <routine type> <specific name>
| <routine type> <member name> [ FOR <schema-resolved user-defined type name> ]

<routine type> ::=
ROUTINE

| FUNCTION
| PROCEDURE
| [ INSTANCE | STATIC | CONSTRUCTOR ] METHOD

<member name> ::=
<member name alternatives> [ <data type list> ]

<member name alternatives> ::=
<schema qualified routine name>

| <method name>

<data type list> ::=
<left paren> [ <data type> [ { <comma> <data type> }... ] ] <right paren>

Syntax Rules

1) If a <specific name> SN is specified, then the <specific routine designator> shall identify an SQL-
invoked routine whose <specific name> is SN.

2) If <routine type> specifiesMETHOD and none of INSTANCE, STATIC, or CONSTRUCTOR is specified,
then INSTANCE is implicit.

3) If a <member name>MN is specified, then:

a) If <schema-resolved user-defined type name> is specified, then <routine type> shall specify
METHOD. If METHOD is specified, then <schema-resolved user-defined type name> shall be
specified.

b) Case:

i) If <routine type> specifies METHOD, then <method name> shall be specified. Let SCN
be the implicit or explicit <schema name> of <schema-resolved user-defined type
name>, letMETH be the <method name>, and let RN be SCN.METH.

ii) Otherwise, <schema qualified routine name> shall be specified. LetRN be the <schema
qualified routine name> ofMN and let SCN be the <schema name> ofMN.

c) Case:

i) IfMN contains a <data type list>, then:

1) If <routine type> specifiesFUNCTION, then there shall be exactly one SQL-invoked
regular function in the schema identifiedby SCNwhose<schemaqualified routine
name> is RN such that, for all i, 1 (one) ≤ i ≤ the number of arguments, when the
SyntaxRules of Subclause 9.30, “Data type identity”, are appliedwith the declared
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type of its i-th SQL parameter as TYPE1 and the i-th <data type> in the <data type
list> ofMN as TYPE2, those Syntax Rules are satisfied. The <specific routine des-
ignator> identifies that SQL-invoked function.

2) If <routine type> specifies PROCEDURE, then there shall be exactly one SQL-
invoked procedure in the schema identified by SCNwhose <schema qualified
routine name> is RN such that, for all i, 1 (one) ≤ i ≤ the number of arguments,
when the Syntax Rules of Subclause 9.30, “Data type identity”, are applied with
the declared type of its i-th SQL parameter as TYPE1 and the i-th <data type> in
the <data type list> ofMN asTYPE2, those SyntaxRules are satisfied. The<specific
routine designator> identifies that SQL-invoked procedure.

3) If <routine type> specifies METHOD, then

Case:

A) If STATIC is specified, then there shall be exactly one static SQL-invoked
methodof theuser-definedtype identifiedby<schema-resolveduser-defined
type name> whose <method name> isMETH such that, for all i, 1 (one) ≤ i
≤ the number of arguments, when the Syntax Rules of Subclause 9.30, “Data
type identity”, are applied with declared type of its i-th SQL parameter as
TYPE1 and the i-th <data type> in the <data type list> ofMN asTYPE2, those
Syntax Rules are satisfied. The <specific routine designator> identifies that
static SQL-invoked method.

B) If CONSTRUCTOR is specified, then there shall be exactly one SQL-invoked
constructormethodof theuser-defined type identifiedby<schema-resolved
user-defined type name> whose <method name> isMETH such that, for all
i, 1 (one) ≤ i ≤ the number of arguments, when the Syntax Rules of
Subclause 9.30, “Data type identity”, are applied with the declared type of
its i-th SQL parameter in the unaugmented SQL parameter declaration list
as TYPE1 and the i-th <data type> in the <data type list> ofMN as TYPE2,
those SyntaxRules are satisfied. The<specific routine designator> identifies
that SQL-invoked constructor method.

C) Otherwise, there shall be exactly one instance SQL-invoked method of the
user-defined type identifiedby<schema-resolveduser-defined typename>
whose <method name> isMETH such that, for all i, 1 (one) ≤ i ≤ the number
of arguments,when the SyntaxRules of Subclause 9.30, “Data type identity”,
are applied with the declared type of its i-th SQL parameter in the unaug-
mented SQL parameter declaration list as TYPE1 and the i-th <data type>
in the <data type list> ofMN as TYPE2, those Syntax Rules are satisfied. The
<specific routine designator> identifies that instance SQL-invokedmethod.

4) If <routine type> specifies ROUTINE, then there shall be exactly one SQL-invoked
routine in the schema identified by SCNwhose <schema qualified routine name>
is RN such that, for all i, 1 (one) ≤ i ≤ the number of arguments, when the Syntax
Rules of Subclause 9.30, “Data type identity”, are applied with the declared type
of its i-th SQL parameter as TYPE1 and the i-th <data type> in the <data type list>
ofMN asTYPE2, those SyntaxRules are satisfied. The<specific routinedesignator>
identifies that SQL-invoked routine.

ii) Otherwise:

1) If <routine type> specifiesFUNCTION, then there shall be exactly one SQL-invoked
regular function in the schema identifiedby SCNwhose<schemaqualified routine
name> is RN. The <specific routine designator> identifies that SQL-invoked
function.
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2) If <routine type> specifies PROCEDURE, then there shall be exactly one SQL-
invoked procedure in the schema identified by SCNwhose <schema qualified
routinename> isRN. The<specific routinedesignator> identifies that SQL-invoked
procedure.

3) If <routine type> specifies METHOD, then

Case:

A) If STATIC is specified, then there shall be exactly one static SQL-invoked
methodof theuser-definedtype identifiedby<schema-resolveduser-defined
type name> whose <method name> isMETH. The <specific routine desig-
nator> identifies that static SQL-invoked method.

B) If CONSTRUCTOR is specified, then there shall be exactly one SQL-invoked
constructormethodof theuser-defined type identifiedby<schema-resolved
user-defined type name> whose <method name> isMETH. The <specific
routine designator> identifies that SQL-invoked constructor method.

C) Otherwise, there shall be exactly one instance SQL-invoked method of the
user-defined type identifiedby<schema-resolveduser-defined typename>
whose<methodname> isMETH. The<specific routinedesignator> identifies
that instance SQL-invoked method.

4) If <routine type> specifies ROUTINE, then there shall be exactly one SQL-invoked
routine in the schema identified by SCNwhose <schema qualified routine name>
is RN. The <specific routine designator> identifies that SQL-invoked routine.

4) If FUNCTION is specified, then the SQL-invoked routine that is identified shall be an SQL-invoked
regular function. If PROCEDURE is specified, then the SQL-invoked routine that is identified shall
be an SQL-invoked procedure. If STATIC METHOD is specified, then the SQL-invoked routine that
is identified shall be a static SQL-invokedmethod. If CONSTRUCTORMETHOD is specified, then the
SQL-invoked routine that is identified shall be an SQL-invoked constructor method. If INSTANCE
METHOD is specified or implicit, then the SQL-invoked routine that is identified shall be an instance
SQL-invoked method. If ROUTINE is specified, then the SQL-invoked routine that is identified is
either an SQL-invoked function or an SQL-invoked procedure.

Access Rules

None.

General Rules

None.

Conformance Rules

1) Without Feature S024, “Enhanced structured types”, conforming SQL language shall not contain a
<specific routine designator> that contains a <routine type> that immediately contains METHOD.
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10.7 <collate clause>

Function

Specify a default collation.

Format
<collate clause> ::=
COLLATE <collation name>

Syntax Rules

1) Let C be the <collation name> contained in the <collate clause>. The schema identified by the
explicit or implicit <schema name> of the <collation name> shall include the descriptor of C.

Access Rules

1) Case:

a) If <collate clause> is contained, without an intervening <SQL routine spec> that specifies SQL
SECURITY INVOKER, in an <SQL schema statement>, then the applicable privileges of the
<authorization identifier> that owns the containing schema shall include USAGE on C.

b) Otherwise, the current privileges shall include USAGE on C.

General Rules

None.

Conformance Rules

1) Without Feature F690, “Collation support”, conforming SQL language shall not contain a <collate
clause>.
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10.8 <constraint name definition> and <constraint characteristics>

Function

Specify the name of a constraint and its characteristics.

Format
<constraint name definition> ::=
CONSTRAINT <constraint name>

<constraint characteristics> ::=
<constraint check time> [ [ NOT ] DEFERRABLE ] [ <constraint enforcement> ]

| [ NOT ] DEFERRABLE [ <constraint check time> ] [ <constraint enforcement> ]
| <constraint enforcement>

<constraint check time> ::=
INITIALLY DEFERRED

| INITIALLY IMMEDIATE

<constraint enforcement> ::=
[ NOT ] ENFORCED

Syntax Rules

1) If <constraint check time> is not specified, then INITIALLY IMMEDIATE is implicit.

2) Case:

a) If INITIALLY DEFERRED is specified, then:

i) NOT DEFERRABLE shall not be specified.

ii) If DEFERRABLE is not specified, then DEFERRABLE is implicit.

b) If INITIALLY IMMEDIATE is specified or implicit and neither DEFERRABLE nor NOT DEFER-
RABLE is specified, then NOT DEFERRABLE is implicit.

3) If neither ENFORCED nor NOT ENFORCED is specified, then ENFORCED is implicit.

Access Rules

None.

General Rules

1) Let C be the constraint identified by <constraint name>.

2) If NOT DEFERRABLE is specified, then C is not deferrable; otherwise it is deferrable.

3) If <constraint check time> is INITIALLYDEFERRED, then the initial constraintmode forC is deferred;
otherwise, the initial constraint mode for C is immediate.

4) If NOT ENFORCED is specified, then C is not enforced; otherwise, C is enforced.
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Conformance Rules

1) Without Feature F721, “Deferrable constraints”, conforming SQL language shall not contain a
<constraint characteristics>, other than a <constraint enforcement>.

NOTE 516— This means that INITIALLY IMMEDIATE NOT DEFERRABLE is implicit.

2) Without Feature F491, “Constraint management”, conforming SQL language shall not contain a
<constraint name definition>.

3) Without Feature F492, “Optional table constraint enforcement”, conforming SQL language shall not
contain a <constraint characteristics> that specifies <constraint enforcement>.
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10.9 <aggregate function>
This Subclause is modified by Subclause 11.1, “<aggregate function>”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 10.1, “<aggregate function>”, in ISO/IEC 9075-16.

Function

16 Specify a value computed from a collection of rows.

Format
14  16 <aggregate function> ::=

COUNT <left paren> <asterisk> <right paren> [ <filter clause> ]
| <general set function> [ <filter clause> ]
| <binary set function> [ <filter clause> ]
| <ordered set function> [ <filter clause> ]
| <array aggregate function> [ <filter clause> ]
| <row pattern count function> [ <filter clause> ]
| <JSON aggregate function> [ <filter clause> ]
| <listagg set function> [ <filter clause> ]

<general set function> ::=
<set function type> <left paren> [ <set quantifier> ]

<value expression> <right paren>

<set function type> ::=
<computational operation>

<computational operation> ::=
AVG

| MAX
| MIN
| SUM
| EVERY
| ANY
| ANY_VALUE
| SOME
| COUNT
| STDDEV_POP
| STDDEV_SAMP
| VAR_SAMP
| VAR_POP
| COLLECT
| FUSION
| INTERSECTION

<set quantifier> ::=
DISTINCT

| ALL

<filter clause> ::=
FILTER <left paren> WHERE <search condition> <right paren>

<binary set function> ::=
<binary set function type> <left paren> <dependent variable expression> <comma>

<independent variable expression> <right paren>

<binary set function type> ::=
COVAR_POP

| COVAR_SAMP
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| CORR
| REGR_SLOPE
| REGR_INTERCEPT
| REGR_COUNT
| REGR_R2
| REGR_AVGX
| REGR_AVGY
| REGR_SXX
| REGR_SYY
| REGR_SXY

<dependent variable expression> ::=
<numeric value expression>

<independent variable expression> ::=
<numeric value expression>

<ordered set function> ::=
<hypothetical set function>

| <inverse distribution function>

<hypothetical set function> ::=
<rank function type> <left paren>

<hypothetical set function value expression list> <right paren>
<within group specification>

<within group specification> ::=
WITHIN GROUP <left paren> ORDER BY <sort specification list> <right paren>

<hypothetical set function value expression list> ::=
<value expression> [ { <comma> <value expression> }... ]

<inverse distribution function> ::=
<inverse distribution function type> <left paren>

<inverse distribution function argument> <right paren>
<within group specification>

<inverse distribution function argument> ::=
<numeric value expression>

<inverse distribution function type> ::=
PERCENTILE_CONT

| PERCENTILE_DISC

<listagg set function> ::=
LISTAGG <left paren> [ <set quantifier> ] <character value expression>

<comma> <listagg separator> [ <listagg overflow clause> ] <right paren>
<within group specification>

<listagg separator> ::=
<character string literal>

<listagg overflow clause> ::=
ON OVERFLOW <overflow behavior>

<overflow behavior> ::=
ERROR

| TRUNCATE [ <listagg truncation filler> ] <listagg count indication>

<listagg truncation filler> ::=
<character string literal>

<listagg count indication> ::=
WITH COUNT
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| WITHOUT COUNT

<array aggregate function> ::=
ARRAY_AGG

<left paren> <value expression> [ ORDER BY <sort specification list> ] <right paren>

<row pattern count function> ::=
COUNT <left paren> <row pattern variable name> <period> <asterisk> <right paren>

Syntax Rules

1) Let AF be the <aggregate function>.

2) If STDDEV_POP, STDDEV_SAMP, VAR_POP, or VAR_SAMP is specified, then <set quantifier> shall
not be specified.

3) If <general set function> is specified and <set quantifier> is not specified, then ALL is implicit.

4) If COUNT is specified, then the declared type of the result is an implementation-defined (IV166)
exact numeric type with scale 0 (zero).

5) If COUNT(*) specified and is contained in <rowpatternmeasures> or <rowpatterndefinition search
condition>, then let URPV be the universal row pattern variable. AF is equivalent to

COUNT (URPV.*)

6) If <row pattern count function> is specified, then AF shall be contained in <row patternmeasures>
or <row pattern definition search condition>.

7) If <general set function> is specified, then:

a) The <value expression> VE shall not contain a <window function>.

b) Let DT be the declared type of the <value expression>.

c) If AF specifies a <general set function> whose <set quantifier> is DISTINCT, then VE is an
operand of a grouping operation. The Syntax Rules and Conformance Rules of Subclause 9.12,
“Grouping operations”, apply.

d) If AF specifies a <set function type> that is MAX or MIN, then VE is an operand of an ordering
operation.

i) The Syntax Rules and Conformance Rules of Subclause 9.14, “Ordering operations”,
apply.

ii) DT shall not be row-ordered.

e) If EVERY, ANY, or SOME is specified, then DT shall be Boolean and the declared type of the
result is Boolean.

f) If MAX, MIN, or ANY_VALUE is specified, then the declared type of the result is DT.

g) If SUM or AVG is specified, then:

i) DT shall be a numeric type or an interval type.

ii) If SUM is specified and DT is exact numeric with scale S, then the declared type of the
result is an implementation-defined (IV167) exact numeric type with scale S.

iii) If AVG is specified and DT is exact numeric, then the declared type of the result is an
implementation-defined (IV168) exact numeric type with precision not less than the
precision of DT and scale not less than the scale of DT.
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iv) IfDT is approximate numeric, then the declared type of the result is an implementation-
defined (IV169) approximate numeric type with precision not less than the precision
of DT.

v) If DT is decimal floating-point, then the declared type of the result is the decimal
floating-point type with implementation-defined (IV170) precision not less than the
precision of DT.

vi) If DT is interval, then the declared type of the result is interval with the same fields as
DT and an implementation-defined (IV171) <interval leading field precision> not less
than that of DT.

h) If VAR_POP or VAR_SAMP is specified, then DT shall be a numeric type.

Case:

i) IfDT is thedecimal floating-point type, then thedeclared typeof the result is thedecimal
floating-point type with implementation-defined (IV172) precision not less than the
precision of DT.

ii) Otherwise, the declared type of the result is an implementation-defined (IV173)
approximate numeric type. If DT is an approximate numeric type, then the precision
of the result is not less than the precision of DT.

i) STDDEV_POP(X) is equivalent to SQRT(VAR_POP(X)).

j) STDDEV_SAMP(X) is equivalent to SQRT(VAR_SAMP(X)).

k) If COLLECT is specified, then the declared type of the result is DTMULTISET.

l) COLLECT (X) is equivalent to FUSION (MULTISET [X]).

m) If FUSION is specified, then DT shall be a multiset type, and DISTINCT shall not be specified.
The declared type of the result is DT.

n) If INTERSECTION is specified, then DT shall be a multiset type, and DISTINCT shall not be
specified. VE is a multiset operand of a multiset element grouping operation, and the Syntax
Rules and Conformance Rules of Subclause 9.13, “Multiset element grouping operations”,
apply. The declared type of the result is DT.

8) A <filter clause> shall not contain a <query expression>, a <window function>, or an outer reference.

9) If <binary set function> is specified, then:

a) The <dependent variable expression> DVE and the <independent variable expression> IVE
shall not contain a <window function>.

b) Let DTDVE be the declared type of DVE and let DTIVE be the declared type of IVE.

c) Case:

i) If REGR_COUNT is specified, then the declared type of the result is an implementation-
defined (IV174) exact numeric type with scale 0 (zero).

ii) Otherwise,

Case:

1) If either DTDVE or DTIVE is the decimal floating-point type, then the declared
type of the result is the decimal floating-point typewith implementation-defined
(IV175) precision. IfDTDVE is the decimal floating-point type, then the precision
of the result is not less than the precision of DTDVE. If DTIVE is the decimal
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floating-point type, then the precision of the result is not less than the precision
of DTIVE.

2) Otherwise, the declared type of the result is an implementation-defined (IV176)
approximate numeric type. If DTDVE is an approximate numeric type, then the
precision of the result is not less than the precision of DTDVE. If DTIVE is an
approximate numeric type, then the precision of the result is not less than the
precision of DTIVE.

10) If <hypothetical set function> is specified, then:

a) The <hypothetical set function> shall not contain a <window function>, a <set function spe-
cification>, or a <query expression>.

b) The number of <value expression>s simply contained in <hypothetical set function value
expression list> shall be the same as the number of <sort key>s simply contained in the <sort
specification list>.

c) For each <value expression> HSFVE simply contained in the <hypothetical set function value
expression list>, let SKbe the corresponding<sort key> simply contained in the<sort specific-
ation list>.

Case:

i) If the declared type of HSFVE is a character string type, then the declared type of SK
shall be a character string type with the same character repertoire as that of HSFVE.
The Syntax Rules of Subclause 9.15, “Collation determination”, are applied with set of
declared types of HSFVE and SK as TYPESET; let the collation be the COLL returned
from the application of those Syntax Rules.

ii) Otherwise, the declared types of HSFVE and SK shall be compatible.

d) Case:

i) If RANK or DENSE_RANK is specified, then the declared type of the result is exact
numeric with implementation-defined (IV174) precision and with scale 0 (zero).

ii) Otherwise, it is implementation-defined (IA043) whether the declared type of the
result is approximate numeric with implementation-defined (IA043) precision or the
decimal floating-point with implementation-defined (IA043) precision.

11) If <listagg set function> is specified, then:

a) The<listagg set function> shall not contain a<window function>, a <set function specification>,
or a <query expression>.

b) If DISTINCT is specified, then the <character value expression> is an operand of a grouping
operation. The SyntaxRules andConformanceRules of Subclause 9.12, “Grouping operations”,
apply.

c) If <set quantifier> is not specified, then ALL is implicit.

d) It is implementation-defined (IA044)whether thedeclared typeDTLAof the result is a variable-
length character stringwith implementation-defined (IA044)maximum length or a character
large object type with implementation-defined (IA044) maximum length. LetMLRT be the
maximum length of DTLA.

e) Let LAS be the <listagg separator>. The length in characters of LAS shall be less than or equal
toMLRT.

f) If <listagg overflow clause> is not specified, then ON OVERFLOW ERROR is implicit.
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g) If <overflow behavior> specifies TRUNCATE and <listagg truncation filler> is not specified,
then let LTF be a character string value comprising three consecutive <period> characters;
otherwise, let LTF be the <listagg truncation filler>. The length in characters of LTF shall be
less than or equal toMLRT.

NOTE 517— The use of three consecutive <period> characters is a default value for LTF to indicate that the
value is not meaningful.

12) If <inverse distribution function> is specified, then:

a) The <within group specification> shall contain a single <sort specification>.

b) The <inverse distribution function> shall not contain a <window function>, a <set function
specification>, or a <query expression>.

c) Let DT be the declared type of the <value expression> simply contained in the <sort specific-
ation>.

d) DT shall be numeric or interval.

e) The declared type of the result is

Case:

i) If DT is exact numeric or approximate numeric, then approximate numeric with
implementation-defined (IV177) precision.

ii) IfDT is decimalfloating-point, thendecimalfloating-pointwith implementation-defined
(IV177) precision.

iii) If DT is interval, then DT.

13) If <array aggregate function> AAG is specified, then:

a) Let VET be the declared type of the <value expression> immediately contained in AAG.

b) The declared type of AAG is array with element type VET and maximum cardinality equal to
the implementation-defined (IL008) maximum cardinality IDMC for such array types.

14) 16A <value expression> VE simply contained in AF is an aggregated argument of AF if AF is not an
<ordered set function> or VE is simply contained in a <within group specification>; otherwise, VE
is a non-aggregated argument of AF.

15) 14 If AF is contained in a <row pattern measure expression> or a <row pattern definition search
condition>, and if an aggregated argument of AF contains a column reference or a <classifier func-
tion>, then there shall be exactly one rowpattern variableRPV such thatRPVqualifies every column
reference contained in an aggregated argument of AF and the explicit or implicit argument of every
<classifier function> contained in an aggregated argument of AF is RPV.

Access Rules

None.

General Rules

1) 16The argument source of an <aggregate function> is

Case:
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a) IfAF is immediately contained in a <set function specification> SFS and the aggregation query
of SFS is a <row pattern measures> and SFS is contained in a <window definition>, then

Case:

i) If SFS contains a row pattern column reference or <classifier function>, then the set of
rows that aremapped by the current designated row patternmatch to RPV, where RPV
is the row pattern variable that qualifies the row pattern column references contained
in SFS or that is the argument of the <classifier function>.

ii) Otherwise, the set of all rows mapped by the current designated row pattern match.

b) IfAF is immediately contained in a <set function specification> SFS and the aggregation query
of SFS is a <row pattern measures> that is contained in a <row pattern recognition clause>,
and either SFS specifies FINAL, or the <row pattern recognition clause> that contains SFS
specifies ONE ROW PER MATCH, then

Case:

i) If SFS contains a row pattern column reference or <classifier function>, then the set of
rows that are mapped by the current retained row pattern match to RPVwhere RPV is
the row pattern variable that qualifies the row pattern column references contained
in SFS or that is the argument of the <classifier function>.

ii) Otherwise, the set of all rows mapped by the current retained row pattern match.

c) 16 If AF is immediately contained in a <set function specification> SFS and the aggregation
query of SFS is a <row pattern definition search condition> RPDSC, then

Case:

i) If SFS contains a row pattern column reference or <classifier function>, then the set of
rows that are mapped by the current potential row pattern match to RPVwhere RPV
is the row pattern variable that qualifies the row pattern column references contained
in SFS or that is the argument of the <classifier function>.

ii) Otherwise, the set of all rows mapped by the current potential row pattern match and
that are prior to or the same as the current row, according to the ordering of rows
within row pattern partitions.

d) If AF is immediately contained in a <set function specification> SFS, then a group of a grouped
table of the aggregation query of SFS.

e) Otherwise, the collection of rows in the current row’s window frame defined by the window
structure descriptor identified by the <window function> that simply contains AF, as defined
in Subclause 7.15, “<window clause>”.

2) Let T be the argument source of AF.

3) If, during the computation of the result of AF, an intermediate result is not representable in the
declared type of the site that contains that intermediate result, then

Case:

a) If the most specific type of the result of AF is an interval type, then an exception condition is
raised: data exception— interval value out of range (2200P).

b) 14 If the most specific type of the result of AF is a multiset type, then an exception condition is
raised: data exception—multiset value overflow (2200Q).

c) If the most specific type of the result of AF is an array type, then an exception condition is
raised: data exception— array data, right truncation (2202F).
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d) If themost specific typeof the result ofAF is a character string type, then an exception condition
is raised: data exception— string data, right truncation (22001).

e) Otherwise, an exception condition is raised: data exception— numeric value out of range
(22003).

4) Case:

a) If <filter clause> is specified, then the <search condition> is effectively evaluated for each row
of T. Let T1 be the collection of rows of T for which the result of the <search condition> is
True.

b) Otherwise, let T1 be T.

5) If COUNT(*) is specified, then the result is the cardinality of T1.

6) 16 If <row pattern count function> is specified, then the result is the cardinality of T1.

7) If <general set function> is specified, then:

a) Let TX be the single-column table that is the result of applying the <value expression> to each
row of T1 and eliminating null values. If one or more null values are eliminated, then a com-
pletion condition is raised:warning— null value eliminated in set function (01003).

b) Case:

i) If DISTINCT is specified, then let TXA be the result of eliminating redundant duplicate
values from TX, using the comparison rules specified in Subclause 8.2, “<comparison
predicate>”, to identify the redundant duplicate values.

ii) Otherwise, let TXA be TX.

c) Let N be the cardinality of TXA.

d) Case:

i) If COUNT is specified, then the result is N.

ii) If TXA is empty, then the result is the null value.

iii) If AVG is specified, then the result is the average of the values in TXA.

iv) If MAX or MIN is specified, then the result is respectively the maximum or minimum
value in TXA. These results are determined using the comparison rules specified in
Subclause8.2, “<comparisonpredicate>”. IfDT is auser-defined typeand the comparison
of two values in TXA results in Unknown, then the maximum or minimum of TXA is
implementation-dependent (UV099).

v) If ANY_VALUE is specified, then the result is an implementation-dependent (UV062)
value in TXA.

vi) If SUM is specified, then the result is the sum of the values in TXA. If the result is not
within the range of the declared type of the result, then an exception condition is raised:
data exception— numeric value out of range (22003).

vii) If EVERY is specified, then

Case:

1) If the value of some element of TXA is False, then the result is False.

2) Otherwise, the result is True.
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viii) If ANY or SOME is specified, then

Case:

1) If the value of some element of TXA is True, then the result is True.

2) Otherwise, the result is False.

ix) If VAR_POP or VAR_SAMP is specified, then let SX be the sum of values in the column
of TXA, and let SXS be the sum of the squares of the values in the column of TXA.

1) If VAR_POP is specified, then the result is (SXS-SX*SX/N)/N.

2) If VAR_SAMP is specified, then

Case:

A) If N is 1 (one), then the result is the null value.

B) Otherwise, the result is (SXS-SX*SX/N)/(N−1).

x) If FUSION is specified, then the result is themultisetM such that for each value V in the
element type of DT, including the null value, the number of elements ofM that are
identical to V is the sum of the number of identical copies of V in the multisets that are
the values of the column in each row of TXA.

xi) If INTERSECTION is specified, then the result is a multisetM such that for each value
V in the element type of DT, including the null value, the number of duplicates of V in
M is the minimum of the number of duplicates of V in the multisets that are the values
of the column in each row of TXA.

NOTE 518— This rule says “the result is a multiset” rather than “the result is the multiset” because
the precise duplicate values are not specified. Thus this calculation is non-deterministic for certain
element types, namely those based on character string, datetime with time zone and user-defined
types.

NOTE519—Thenotionof onedata typebeingbasedonanotherdata type is defined in Subclause4.2,
“Data types”.

8) If <binary set function type> is specified, then:

a) Let TXA be the two-column table that is the result of applying the <dependent variable
expression> and the <independent variable expression> to each row of T1 and eliminating
each row in which either <dependent variable expression> or <independent variable
expression> is the null value. If one or more null values are eliminated, then a completion
condition is raised:warning— null value eliminated in set function (01003).

b) Let N be the cardinality of TXA, let SX be the sum of the column of values of <independent
variable expression>, let SY be the sum of the column of values of <dependent variable
expression>, let SXS be the sum of the squares of values in the <independent variable
expression> column, let SYS be the sum of the squares of values in the <dependent variable
expression> column, and let SXY be the sum of the row-wise products of the value in the
<independent variable expression> column times the value in the <dependent variable
expression> column.

c) Case:

i) If REGR_COUNT is specified, then the result is N.

ii) If N is 0 (zero), then the result is the null value.

iii) If REGR_SXX is specified, then the result is (SXS-SX*SX/N).

iv) If REGR_SYY is specified, then the result is (SYS-SY*SY/N).
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v) If REGR_SXY is specified, then the result is (SXY-SX*SY/N).

vi) If REGR_AVGX is specified, then the result is SX/N.

vii) If REGR_AVGY is specified, then the result is SY/N.

viii) If COVAR_POP is specified, then the result is (SXY-SX*SY/N)/N.

ix) If COVAR_SAMP is specified, then

Case:

1) If N is 1 (one), then the result is the null value.

2) Otherwise, the result is (SXY-SX*SY/N)/(N−1)

x) If CORR is specified, then

Case:

1) If N*SXS equals SX*SX, then the result is the null value.
NOTE520—In this case, all remaining values of <independent variable expression>are equal,
and consequently the <independent variable expression> does not correlate with the
<dependent variable expression>.

2) If N*SYS equals SY*SY, then the result is the null value.
NOTE 521— In this case, all remaining values of <dependent variable expression> are equal,
and consequently the <dependent variable expression>doesnot correlatewith the<independ-
ent variable expression>.

3) Otherwise, the result is SQRT(POWER(N*SXY-SX*SY,2) /
((N*SXS-SX*SX)*(N*SYS-SY*SY))). If the exponent of the approximate mathe-
matical result of the operation is not within the implementation-defined (IL054)
exponent range for thedeclared typeof the result, then the result is thenull value.

xi) If REGR_R2 is specified, then

Case:

1) If N*SXS equals SX*SX, then the result is the null value.
NOTE522—In this case, all remaining values of <independent variable expression>are equal,
and consequently the least-squares fit line would be vertical, or, if N = 1 (one), there is no
uniquely determined least-squares-fit line.

2) If N*SYS equals SY*SY, then the result is 1 (one).
NOTE 523— In this case, all remaining values of <dependent variable expression> are equal,
and consequently the least-squares fit line is horizontal.

3) Otherwise, the result is POWER(N*SXY-SX*SY,2) / ((N*SXS-SX*SX) *
(N*SYS-SY*SY)). If the exponent of the approximate mathematical result of the
operation is not within the implementation-defined (IL054) exponent range for
the declared type of the result, then the result is the null value.

xii) If REGR_SLOPE(Y, X) is specified, then

Case:

1) If N*SXS equals SX*SX, then the result is the null value.
NOTE524—In this case, all remaining values of <independent variable expression>are equal,
and consequently the least-squares fit line would be vertical, or, if N = 1 (one), then there is
no uniquely determined least-squares-fit line.
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2) Otherwise, the result is (N*SXY-SX*SY) / (N*SXS-SX*SX). If the exponent of the
approximate mathematical result of the operation is not within the implemen-
tation-defined (IL054) exponent range for the declared type of the result, then
the result is the null value.

xiii) If REGR_INTERCEPT is specified, then

Case:

1) If N*SXS equals SX*SX, then the result is the null value.
NOTE525—In this case, all remaining values of <independent variable expression>are equal,
and consequently the least-squares fit line would be vertical, or, if N = 1 (one), then there is
no uniquely determined least-squares-fit line.

2) Otherwise, the result is (SY*SXS-SX*SXY) / (N*SXS-SX*SX). If the exponent of
the approximatemathematical result of the operation is notwithin the implemen-
tation-defined (IL054) exponent range for the declared type of the result, then
the result is the null value.

9) If <hypothetical set function> is specified, then:

a) LetWIFT be the <rank function type>.

b) Let TNAME be an implementation-defined name for T1.

c) Let K be the number of <value expression>s simply contained in <hypothetical set function
value expression list>.

d) Let VE1, ..., VEK be the <value expression>s simply contained in the <hypothetical set function
value expression list>.

e) LetWIFTVAL,MARKER and CN1, ..., CNK be distinct implementation-defined column names.

f) Let SP1, ..., SPK be the <sort specification>s simply contained in the <sort specification list>.
For each i, letWSPi be the <sort specification> obtained from SPi by replacing the <sort key>
with CNi.

g) The result is the result of the <scalar subquery>

 ( SELECT WIFTVAL
FROM ( SELECT MARKER, WIFT() OVER

            ( ORDER BY WSP1, ..., WSPK )
FROM ( SELECT 0, SK1, ..., SKK

FROM TNAME
UNION ALL

VALUES (1, VE1, ..., VEK) )
AS TXNAME (MARKER, CN1, ..., CNK )

       ) AS TEMPTABLE (MARKER, WIFTVAL)
WHERE MARKER = 1 )

10) If <inverse distribution function> is specified, then:

a) Let NVE be the value of the <inverse distribution function argument>.

b) If NVE is the null value, then the result is the null value.

c) IfNVE is less than 0 (zero) or greater than 1 (one), then an exception condition is raised: data
exception— numeric value out of range (22003).

d) LetTXAbe the single-column table that is the result of applying the <value expression> simply
contained in the <sort specification> to each row of T1 and eliminating null values. If one or
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more null values are eliminated, then a completion condition is raised:warning— null value
eliminated in set function (01003). TXA is ordered by the <sort specification> as specified in
the General Rules of Subclause 10.10, “<sort specification list>”.

e) Let TXANAME be an implementation-defined name for TXA.

f) Let TXCOLNAME be an implementation-defined column name for the column of TXA.

g) LetWSP be obtained from the <sort specification> by replacing the <sort key> with TXCOL-
NAME.

h) Case:

i) If TXA is empty, then the result is the null value.

ii) If PERCENTILE_CONT is specified, then:

1) Let N be the cardinality of TXA.

2) Let ROW0 be the greatest exact numeric valuewith scale 0 (zero) that is less than
or equal to NVE*(N−1). Let ROWLIT0 be a <literal> representing ROW0.

3) LetROW1 be the least exact numeric valuewith scale 0 (zero) that is greater than
or equal to NVE*(N−1). Let ROWLIT1 be a <literal> representing ROW1.

4) LetFACTORbean<approximatenumeric literal> representingNVE*(N−1)−ROW0.

5) The result is the result of the <scalar subquery>

 ( WITH TEMPTABLE(X, Y) AS
       ( SELECT ROW_NUMBER()

OVER (ORDER BY WSP) - 1,
TXCOLNAME

FROM TXANAME )
SELECT CAST ( T0.Y + FACTOR * (T1.Y - T0.Y) AS DT )
FROM TEMPTABLE T0, TEMPTABLE T1
WHERE T0.X = ROWLIT0

AND T1.X = ROWLIT1 )

NOTE 526— Although ROW_NUMBER is non-deterministic, the values of T0.Y and T1.Y are
determined by this expression. Note that the only column of TXA is completely ordered by
WSP. If NVE*(N−1) is a whole number, then the rows selected from T0 and T1 are the same
and the result is just T0.Y. Otherwise, the subquery performs a linear interpolation between
the two consecutive values whose row numbers in the ordered set, seen as proportions of the
whole, bound the argument of the PERCENTILE_CONT operator.

iii) If PERCENTILE_DISC is specified, then:

1) If the <ordering specification> simply contained inWSP is DESC, then let
MAXORMIN be MAX; otherwise letMAXORMIN be MIN.

2) Let NVELIT be a <literal> representing the value of NVE.

3) The result is the result of the <scalar subquery>

 ( SELECT MAXORMIN (TXCOLNAME)
FROM ( SELECT TXCOLNAME,

CUME_DIST() OVER (ORDER BY WSP)
FROM TXANAME ) AS TEMPTABLE (TXCOLNAME, CUMEDIST)
WHERE CUMEDIST >= NVELIT )

11) If <listagg set function> is specified, then:

a) Let T2 be T1 ordered by the <sort specification list> as specified in the General Rules of
Subclause 10.10, “<sort specification list>”.
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b) LetTXbe the single-column table that is the result of applying the<character value expression>
to each row of T2 and eliminating null values. If one or more null values are eliminated, then
a completion condition is raised:warning— null value eliminated in set function (01003).

c) Case:

i) If DISTINCT is specified, then let TXA be the result of eliminating redundant duplicate
values from TX, using the comparison rules specified in Subclause 8.2, “<comparison
predicate>”, to identify the redundant duplicate values.

ii) Otherwise, let TXA be TX.

d) Let N be the cardinality of TXA.

e) If TXA is empty, then the result is the null value and no further General Rules of this Subclause
are applied.

f) Case:

i) If N = 1 (one), then let LIR be the value of the only column of the only row in TXA.

ii) Otherwise:

1) Let Ri, 1 (one) ≤ i ≤ N, be the rows of TXA according to the ordering of TXA.

2) Let RVi, 1 (one) ≤ i ≤ N, be the value of the only column in Ri.

3) Let LIR be:

RV1 || LAS || RV2 || ... || LAS || RVN

g) Case:

i) If the length in characters of LIR is less than or equal toMLRT, then the result of the
<listagg set function> is LIR.

ii) If the length in characters of LIR is greater thanMLRT and the <overflow behavior> is
ERROR, then an exception condition is raised: data exception— string data, right
truncation (22001).

iii) Otherwise:

1) Let LTFP1 be LAS || LTF. Let LTFP1L be the length in characters of LTFP1.

2) Case:

A) If WITH COUNT is specified, then let LIRPi be RV1 || LAS || RV2 || ...
|| LAS || RVi, for the greatest i, 1 (one) ≤ i < N, such that the length in
characters of LIRPi is less than or equal to:

MLRT − LTFP1L − CHAR_LENGTH ( CAST ( N − i AS VARCHAR ( MLRT ) ) )
 − 2.

Case:

I) If there is no such LIRPi, then let LIR2 be:

LTFP1 || '(' || CAST ( N AS VARCHAR ( MLRT ) ) || ')'

If the length in character of LIR2 is greater thanMLRT, then let TFS
bea stringhaving the valueof three consecutive<period> characters
and let LR be:
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TFS || '(' || CAST ( N AS VARCHAR ( MLRT ) ) || ')'

Otherwise, let LR be LIR2.

II) Otherwise, let LR be:

LIRPi || LTFP1 || '(' || CAST ( N - i AS VARCHAR ( MLRT ) ) 
|| ')'

B) If WITHOUT COUNT is specified, then let LIRPi be:

RV1 || LAS || RV2 || ... || LAS || RVi

for the greatest i, 1 (one) ≤ i < N, such that the length in characters of LIRPi
is less than or equal toMLRT − LTFP1L.

Case:

I) If there is no such LIRPi, then

Case:

1) IfLTFP1L is greater thanMLRT, then letLRbe a character string
with the value of three consecutive <period> characters.

NOTE 527— The use of three consecutive <period> characters is a
default value for LR to indicate that the value is not meaningful.

2) Otherwise, let LR be LTFP1.

II) Otherwise, let LR be LIRPi || LTFP1.

3) The result of the <listagg set function> is LR.

12) 14 If <array aggregate function> is specified, then:

a) If <sort specification list> is specified, then let K be the number of <sort key>s; otherwise, let
K be 0 (zero).

b) LetTXAbe the table ofK+1 columnsobtainedby applying the<value expression> immediately
contained in the <array aggregate function> to each row of T1 to obtain the first column of
TXA, and, for all i, 1 (one) ≤ i ≤ K, applying the <value expression> simply contained in the i-th
<sort key> to each row of T1 to obtain the (i+1)-th column of TXA.

c) Let TXA be ordered according to the values of the <sort key>s found in the second through
(K+1)-th columns of TXA. If K is 0 (zero), then the ordering of TXA is implementation-
dependent (US041).

d) Let N be the number of rows in TXA.

e) If N is greater than IDMC, then an exception condition is raised: data exception— array data,
right truncation (2202F).

f) Let Ri, 1 (one) ≤ i ≤ N, be the rows of TXA according to the ordering of TXA.

g) Case:

i) If TXA is empty, then the result of <array aggregate function> is the null value.

ii) Otherwise, the result of <array aggregate function> is an array ofN elements such that
for all i, 1 (one) ≤ i ≤ N, the value of the i-th element is the value of the first column of
Ri.
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NOTE 528— Null values are not eliminated when computing <array aggregate function>. This, plus
the optional <sort specification list>, sets <array aggregate function> apart from <general set func-
tion>s.

Conformance Rules

1) Without Feature R030, “Row pattern recognition: full aggregate support”, an <aggregate function>
contained in a <rowpatternmeasures> or a <rowpattern definition search condition> shall specify
MIN, MAX, SUM, COUNT, or AVG and shall not specify DISTINCT or <filter clause>.

2) Without Feature T626, “ANY_VALUE”, conforming SQL language shall not contain a <computational
operation> that immediately contains ANY_VALUE.

3) Without Feature T031, “BOOLEAN data type”, conforming SQL language shall not contain a <com-
putational operation> that immediately contains EVERY, ANY, or SOME.

4) Without at least one of Feature F561, “Full value expressions”, or Feature F801, “Full set function”,
conforming SQL language shall not contain a <general set function> that immediately contains
DISTINCT and contains a <value expression> that is not a column reference.

5) Without Feature F441, “Extended set function support”, conforming SQL language shall not contain
a <general set function> that contains a <computational operation> that immediately contains
COUNT and does not contain a <set quantifier> that immediately contains DISTINCT.

6) Without Feature F441, “Extended set function support”, conforming SQL language shall not contain
a<general set function> that doesnot contain a<set quantifier> that immediately containsDISTINCT
and that contains a <value expression> that contains a column reference that does not reference a
column of T.

7) Without Feature F441, “Extended set function support”, conforming SQL language shall not contain
a <binary set function> that does not contain either a <dependent variable expression> or an
<independent variable expression> that contains a column reference that references a column of
T.

8) Without Feature F441, “Extended set function support”, conforming SQL language shall not contain
a <value expression> simply contained in a <general set function> that contains a column reference
that is an outer reference where the <value expression> is not a column reference.

9) Without Feature F441, “Extended set function support”, conforming SQL language shall not contain
a <numeric value expression> simply contained in a <dependent variable expression> or an
<independent variable expression> that contains a column reference that is an outer reference and
in which the <numeric value expression> is not a column reference.

10) Without Feature F441, “Extended set function support”, conforming SQL language shall not contain
a column reference contained in an<aggregate function> SFS1 that contains a reference to a column
derived from a <value expression> that generally contains an <aggregate function> SFS2.

11) Without Feature T621, “Enhanced numeric functions”, conforming SQL language shall not contain
a <computational operation> that immediately contains STDDEV_POP, STDDEV_SAMP, VAR_POP,
or VAR_SAMP.

12) Without Feature T621, “Enhanced numeric functions”, conforming SQL language shall not contain
a <binary set function type>.

13) Without Feature T612, “Advanced OLAP operations”, conforming SQL language shall not contain a
<hypothetical set function> or an <inverse distribution function>.

14) Without Feature T612, “Advanced OLAP operations”, conforming SQL language shall not contain a
<filter clause>.
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15) Without Feature S271, “Basic multiset support”, conforming SQL language shall not contain a
<computational operation> that immediately contains COLLECT.

16) Without Feature S275, “Advanced multiset support”, conforming SQL language shall not contain a
<computational operation> that immediately contains FUSION or INTERSECTION.

NOTE 529— If INTERSECTION is specified, then the Conformance Rules of Subclause 9.13, “Multiset element
grouping operations”, also apply.

17) Without Feature F442, “Mixed column references in set functions”, conforming SQL language shall
not contain a <hypothetical set function value expression list> that simply contains a <value
expression> that contains more than one column reference, one of which is an outer reference.

18) Without Feature F442, “Mixed column references in set functions”, conforming SQL language shall
not contain an <inverse distribution function> that contains an <inverse distribution function
argument> that simply contains a<value expression> that containsmore thanone columnreference,
one of which is an outer reference.

19) Without Feature F442, “Mixed column references in set functions”, conforming SQL language shall
not contain an <aggregate function> that contains a <general set function>whose simply contained
<value expression> contains more than one column reference, one of which is an outer reference.

20) Without Feature F442, “Mixed column references in set functions”, conforming SQL language shall
not contain an <aggregate function> that contains a <binary set function> whose simply contained
<dependent variable expression> or <independent variable expression> contains more than one
column reference, one of which is an outer reference.

21) Without Feature F442, “Mixed column references in set functions”, conforming SQL language shall
not contain a <within group specification> that simply contains a <value expression> that contains
more than one column reference, one of which is an outer reference.

22) Without Feature S098, “ARRAY_AGG”, conforming SQL language shall not contain an <array
aggregate function>.

23) Without Feature T811, “Basic SQL/JSON constructor functions”, conforming SQL language shall not
contain <JSON aggregate function>.

24) 14 16Without Feature T625, “LISTAGG”, conforming SQL language shall not contain a <listagg set
function>.
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10.10 <sort specification list>
This Subclause is modified by Subclause 10.2, “<sort specification list>”, in ISO/IEC 9075-16.

Function

Specify a sort order.

Format
16 <sort specification list> ::=
<sort specification> [ { <comma> <sort specification> }... ]

<sort specification> ::=
<sort key> [ <ordering specification> ] [ <null ordering> ]

<sort key> ::=
<value expression>

<ordering specification> ::=
ASC

| DESC

<null ordering> ::=
NULLS FIRST

| NULLS LAST

Syntax Rules

1) LetDT be the declared type of the <value expression> simply contained in the <sort key> contained
in a <sort specification>.

2) Each <value expression> simply contained in the <sort key> contained in a <sort specification> is
an operand of an ordering operation. The Syntax Rules and Conformance Rules of Subclause 9.14,
“Ordering operations”, apply.

3) 16 If <null ordering> is not specified, then an implementation-defined (ID133) <null ordering> is
implicit. The implementation-defined (ID133) default for <null ordering> shall not depend on the
context outside of <sort specification list>.

Access Rules

None.

General Rules

1) A <sort specification list> defines an ordering of rows, as follows:

a) Let N be the number of <sort specification>s.

b) Let Ki, 1 (one) ≤ i ≤ N, be the <sort key> contained in the i-th <sort specification>.

c) Each <sort specification> specifies the sort direction for the corresponding sort keyKi. If DESC
is not specified in the i-th <sort specification>, then the sort direction for Ki is ascending and
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the applicable <comp op> is the <less than operator>. Otherwise, the sort direction for Ki is
descending and the applicable <comp op> is the <greater than operator>.

d) Let P be any row of the collection of rows to be ordered, and let Q be any other row of the
same collection of rows.

e) Let PVi and QVi be the values of Ki in P and Q, respectively. The relative position of rows P and
Q in the result is determined by comparing PVi and QVi as follows:

i) The comparison is performed according to the General Rules of Subclause 8.2, “<com-
parison predicate>”, where the <comp op> is the applicable <comp op> for Ki.

ii) The comparison is performed with the following special treatment of null values.

Case:

1) IfPVi andQVi are both thenull value, then they are considered equal to eachother.

2) If PVi is the null value and QVi is not the null value, then

Case:

A) If NULLSFIRST is specifiedor implied, thenPVi<compop>QVi is considered
to be True.

B) If NULLS LAST is specified or implied, thenPVi<compop>QVi is considered
to be False.

3) If PVi is not the null value and QVi is the null value, then

Case:

A) If NULLSFIRST is specifiedor implied, thenPVi<compop>QVi is considered
to be False.

B) If NULLS LAST is specified or implied, thenPVi<compop>QVi is considered
to be True.

f) PVi is said to precede QVi if the value of the <comparison predicate> “PVi <comp op> QVi” is
True for the applicable <comp op>.

g) If PVi and QVi are not the null value and the result of “PVi <comp op> QVi” is Unknown, then
the relative ordering of PVi and QVi is implementation-dependent (US042).

h) The relative position of row P is before row Q if PVn precedes QVn for some n, 1 (one) ≤ n ≤
N, and PVi is not distinct from QVi for all i < n.

i) Two rows that are not distinct with respect to the <sort specification>s are said to be peers
of each other. The relative ordering of peers is implementation-dependent (US043).

Conformance Rules

1) 16Without FeatureT611, “ElementaryOLAPoperations”, conforming SQL language shall not contain
a <null ordering>.

NOTE 530— The Conformance Rules of Subclause 9.14, “Ordering operations”, also apply.
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10.11 <JSON aggregate function>

Function

Construct a JSON object or a JSON array from an aggregation of SQL data.

Format
<JSON aggregate function> ::=

<JSON object aggregate constructor>
| <JSON array aggregate constructor>

<JSON object aggregate constructor> ::=
JSON_OBJECTAGG <left paren>

<JSON name and value>
    [ <JSON constructor null clause> ]
    [ <JSON key uniqueness constraint> ]
    [ <JSON output clause> ]

<right paren>

<JSON array aggregate constructor> ::=
JSON_ARRAYAGG <left paren>

<JSON input expression>
    [ <JSON array aggregate order by clause> ]
    [ <JSON constructor null clause> ]
    [ <JSON output clause> ]

<right paren>

<JSON array aggregate order by clause> ::=
ORDER BY <sort specification list>

Syntax Rules

1) If <JSON output clause> is not specified, then

Case:

a) If the declared type of any <value expression> simply contained in <JSON input expression>
simply contained in <JSON aggregate function> is a JSON type, then RETURNING JSON is
implicit.

b) Otherwise, RETURNING ST FORMAT JSON is implicit, where ST is an implementation-defined
(ID134) string type.

2) Let JACFDTbe the<data type> immediately contained in the explicit or implicit <JSONoutput clause>
JOC and let JACFFO be the explicit or implicit <JSON representation> of JOC.

3) If JACFDT is not a JSON type, then the Syntax Rules of Subclause 9.43, “Serializing an SQL/JSON
item”, are applied with JACFFO as FORMAT OPTION and JACFDT as TARGET TYPE.

4) If <JSON object aggregate constructor> is specified, then:

a) If <JSON constructor null clause> is not specified, then NULL ON NULL is implicit.

b) If <JSONkeyuniqueness constraint> is not specified, thenWITHOUTUNIQUEKEYS is implicit.

c) LetWUK be the explicit or implicit <JSON key uniqueness constraint>.

d) The declared type of <JSON object aggregate constructor> is JACFDT.
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5) If <JSON array aggregate constructor> is specified, then:

a) If <JSON constructor null clause> is not specified, then ABSENT ON NULL is implicit.

b) The declared type of <JSON array aggregate constructor> is JACFDT.

Access Rules

None.

General Rules

1) Let AF be the <JSON aggregate function>.

2) Let T be the argument source of AF, as defined in the General Rules of Subclause 10.9, “<aggregate
function>”.

3) Case:

a) If <filter clause> is specified, then the <search condition> is effectively evaluated for each row
of T. Let T1 be the collection of rows of T for which the result of the <search condition> is
True.

b) Otherwise, let T1 be T.

4) If <JSON object aggregate constructor> is specified, then:

a) Let TN be the cardinality of T1.

b) Case:

i) If TN is 0 (zero), then the result of the <JSON object aggregate constructor> is the null
value and no further General Rules of this Subclause are applied.

ii) Otherwise:

1) Let JVE be the <JSON input expression> simply contained in <JSON name and
value>.

2) For each i, 1 (one) ≤ i ≤ TN, let Ri be the i-th row of T1.

A) Let VJNi be the value of <JSON name> simply contained in <JSON name and
value> evaluated for Ri.

B) IfVJNi is the null value, then an exception condition is raised: data exception
— null value not allowed (22004).

C) Let VJVEi be the value of JVE evaluated for Ri.

D) Case:

I) If VJVEi is a null value, then let JBVi be the SQL/JSON null.

II) If the declared type of VJVEi is JSON, then let VBVi be VJVEi.

III) If JVE specifies, explicitly or implicitly, <JSON input clause> JFO, then
the General Rules of Subclause 9.42, “Parsing JSON text”, are applied
with VJVEi as JSON TEXT, JFO as FORMAT OPTION, andWUK as
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UNIQUENESS CONSTRAINT; let ST be the STATUS and let SJI be the
SQL/JSON ITEM returned from the applicationof thoseGeneral Rules.

Case:

1) If ST is an exception condition, then the exception condition ST
is raised.

2) Otherwise, let JBVi be SJI.

IV) Otherwise,

Case:

1) If the declared type ofVJVEi is a character string type, a numeric
type, or a Boolean type, then let JBVi be VJVEi.

2) Otherwise, let JBVi be the result of

CAST ( VJVEi AS SDT )

where SDT is an implementation-defined (IV179) character
string type with character set Unicode.

E) LetMi be the SQL/JSONmember whose key is VJNi and whose bound value
is JBVi.

3) If WITH UNIQUE KEYS is specified and, for any i, 1 (one) ≤ i ≤ TN, and any j, i < j
≤TN,VJNi andVJNjwould be equivalentwhen interpreted as keys of an SQL/JSON
object, then an exception condition is raised: data exception— duplicate JSON
object key value (22030).

4) Case:

A) If the implicit or explicit <JSON constructor null clause> specifies NULL ON
NULL, then

Case:

I) If TN is greater than the implementation-defined (IL051) maximum
number of members in a JSON object, then an exception condition is
raised: data exception— too many JSON object members (2203E).

II) Otherwise, let CJO be a JSON object whose members areMi, 1 (one)
≤ i ≤ TN.

B) Otherwise,

Case:

I) If the number ofMi, 1 (one) ≤ i ≤ TN, whose bound values are not the
SQL/JSON null is greater than the implementation-defined (IL051)
maximum number of members in a JSON object, then an exception
condition is raised: data exception— toomany JSON object members
(2203E).

II) Otherwise, let CJO be a JSON object whose members areMi, 1 (one)
≤ i ≤ TN, whose bound values are not the SQL/JSON null.

NOTE 531—There is no implied order of themembers of the constructed JSON object.
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c) Let JACF be CJOA.

5) If <JSON array aggregate constructor> is specified, then:

a) If <sort specification list> is specified, then let K be the number of <sort key>s; otherwise, let
K be 0 (zero).

b) LetTXAbe the table ofK+1 columnsobtainedby applying the<value expression> immediately
contained in the <JSON input expression> JVE simply contained in the <JSON array aggregate
constructor> to each row of T1 to obtain the first column of TXA, and, for all i, 1 (one) ≤ i ≤ K,
applying the <value expression> simply contained in the i-th <sort key> to each row of T1 to
obtain the (i+1)-th column of TXA.

c) Let TXA be ordered according to the values of the <sort key>s found in the second through
the (K+1)-th columns of TXA. If K is 0 (zero), then the ordering of TXA is implementation-
dependent (US044).

d) Let NTXA be the number of rows in TXA.

e) Let Ri, 1 (one) ≤ i ≤ NTXA, be the rows of TXA according to the ordering of TXA.

f) Case:

i) If NTXA is 0 (zero), then the result of the <JSON array aggregate constructor> is the
null value and no further General Rules of this Subclause are applied.

ii) Otherwise, for each i, 1 (one) ≤ i ≤ NTXA:

1) Let VJVEi be the value of the first column of Ri.

2) Case:

A) If VJVEi is a null value, then let JEi be the SQL/JSON null.

B) If the declared type of VJVEi is JSON, then let JEi be VJVEi.

C) If JVE specifies, explicitly or implicitly, <JSON input clause> JFO, then the
General Rules of Subclause 9.42, “Parsing JSON text”, are appliedwith VJVEi
as JSON TEXT, JFO as FORMAT OPTION, and an implementation-defined
(IV178) <JSON key uniqueness constraint> as UNIQUENESS CONSTRAINT;
let ST be the STATUS and let SJI be the SQL/JSON ITEM returned from the
application of those General Rules.

Case:

I) If ST is an exception condition, then the exception condition ST is
raised.

II) Otherwise, let JEi be SJI.

D) Otherwise,

Case:

I) If the declared type ofVJVEi is a character string type, a numeric type,
or a Boolean type, then let JEi be VJVEi.

II) Otherwise, let JEi be the result of

CAST (VJVEi AS SDT)
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where SDT is an implementation-defined (IV179) character string
type with character set Unicode.

g) Case:

i) If the implicit or explicit <JSON constructor null clause> specifies NULLONNULL, then

Case:

1) If NJVE is greater than the implementation-defined (IL052) maximum number
of elements in a JSON array, then an exception condition is raised: data exception
— too many JSON array elements (2203D).

2) Otherwise, let CJA be a JSON array whose elements are, in order, JEi, 1 (one) ≤ i
≤ NTXA.

ii) Otherwise,

Case:

1) If the number of JEi, 1 (one) ≤ i ≤ NJVE that are not the SQL/JSON null is greater
than the implementation-defined (IL052) maximum number of elements in a
JSON array, then an exception condition is raised: data exception— too many
JSON array elements (2203D).

2) Otherwise, let CJA be a JSON array whose elements are, in order, JEi, 1 (one) ≤ i
≤ NJVE that are not the SQL/JSON null.

NOTE 532— The elements of constructed JSON arrays are ordered and array element indices start with 0
(zero).

h) Let JACF be CJAA.

6) Case:

a) If JACFDT is a JSON type, then the result of <JSON aggregate function> is JACF.

b) Otherwise, The General Rules of Subclause 9.43, “Serializing an SQL/JSON item”, are applied
with JACF as SQL/JSON ITEM, JACFFO as FORMAT OPTION, and JACFDT as TARGET TYPE; let
ST be the STATUS and let CJV be the JSON TEXT returned from the application of those General
Rules.

Case:

i) If ST is an exception condition, then the exception condition ST is raised.

ii) Otherwise, CJV is the result of <JSON aggregate function>.

Conformance Rules

1) Without Feature T811, “Basic SQL/JSON constructor functions”, conforming SQL language shall not
contain <JSON array aggregate constructor>.

2) Without Feature T812, “SQL/JSON: JSON_OBJECTAGG”, conforming SQL language shall not contain
<JSON object aggregate constructor>.

3) Without Feature T813, “SQL/JSON: JSON_ARRAYAGG with ORDER BY”, conforming SQL language
shall not contain <JSON array aggregate constructor> that specifies a <JSON array aggregate order
by clause>.
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4) Without Feature T814, “Colon in JSON_OBJECT or JSON_OBJECTAGG”, conforming SQL language
shall not contain <JSON name and value 2>.

5) Without Feature T830, “Enforcing unique keys in SQL/JSON constructor functions”, conforming
SQL language shall not contain a <JSON object aggregate constructor> that specifies a <JSON key
uniqueness constraint>.
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10.12 <JSON input expression>

Function

Specify a value to be used as input by an SQL/JSON function.

Format
<JSON input expression> ::=
<value expression> [ <JSON input clause> ]

<JSON input clause> ::=
FORMAT <JSON representation>

Syntax Rules

1) FORMAT JSON specifies the data format specified in RFC 8259.

2) FORMAT <implementation-defined JSON representation option> specifies an implementation-
defined (IV180) data format.

NOTE 533— For example, BSON or AVRO; see Bibliography. An <implementation-defined JSON representation
option> implies an ability to parse a string into the SQL/JSON data model, and an ability to serialize an SQL/JSON
array or SQL/JSON object to a string, similar to the capabilities of Subclause 9.42, “Parsing JSON text”, and
Subclause 9.43, “Serializing an SQL/JSON item”, respectively.

3) The declared type DT of the <value expression> VE simply contained in <JSON input expression>
JVE either shall be a JSON type, a character string type, a binary string type, a numeric type, a datetime
type, or Boolean, or shall be a <data type> the values of which can be cast to a character string type
according to the Syntax Rules of Subclause 6.13, “<cast specification>”.

4) If VE is a JSON-returning function JRF, and <JSON input clause> is not specified, then

Case:

a) If the explicit or implicit <JSON output clause> simply contained in JRF contains FORMAT
JSON, then the implicit <JSON input clause> of JVE is FORMAT JSON.

b) Otherwise, the implicit <JSON input clause> of JVE is FORMAT<implementation-defined JSON
representation option>.

5) If DT is JSON and <JSON input clause> is not specified, then FORMAT JSON is implicit.

6) If an explicit or implicit <JSON input clause> is specified, then DT shall be a string type or a JSON
type.

7) If DT is a binary string type, then an explicit or implicit <JSON input clause> shall be specified.

8) If the explicit or implicit <JSON input clause> specifies ENCODING, then DT shall be a binary string
type.

Access Rules

None.
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General Rules

None.

Conformance Rules

1) Without Feature T801, “JSON data type”, in conforming SQL language, the declared type of the
<value expression> immediately contained in <JSON input expression> shall not be a JSON type.

2) Without Feature T803, “String-based JSON”, in conforming SQL language, the declared type of the
<value expression> immediately contained in <JSON input expression> that explicitly or implicitly
specifies FORMAT JSON shall not be a string type.

3) Without FeatureT851, “SQL/JSON: optional keywords for default syntax”, conforming SQL language
shall not contain a <JSON input expression> that both immediately contains a <value expression>
whose declared type is JSON and simply contains FORMAT JSON.
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10.13 <JSON output clause>

Function

Specify the data type, format, and encoding of the JSON text created by a JSON-returning function.

Format
<JSON output clause> ::=
RETURNING <data type> [ FORMAT <JSON representation> ]

<JSON representation> ::=
JSON [ ENCODING { UTF8 | UTF16 | UTF32 } ]

| <implementation-defined JSON representation option>

<implementation-defined JSON representation option> ::=
!! See the Syntax Rules.

Syntax Rules

1) If FORMAT is not specified, then FORMAT JSON is implicit.

2) If FORMAT JSON is specified or implicit, then the <data type> DT shall identify either a string type
or a JSON type.

Case:

a) IfDT identifies a character string type, thenDT shall have aUniversal Character Set, ENCODING
shall not be specified, and an implicit choice of UTF8, UTF16, or UTF32 is determined by the
character encoding form of DT (i.e., the keywords UTF8, UTF16, and UTF32 denote the UTF8,
UTF16, and UTF32 character encoding forms, respectively).

b) IfDT is a binary string type and ENCODING is not specified, then it is implementation-defined
(ID138) whether UTF8, UTF16, and UTF32 is implicit.

3) FORMAT JSON specifies the data format specified in RFC 8259.

4) FORMAT <implementation-defined JSON representation option> specifies an implementation-
defined (IV180) data format.

NOTE 534— For example, BSON or AVRO; see Bibliography. An <implementation-defined JSON representation
option> implies an ability to parse a string into the SQL/JSON data model, and an ability to serialize an SQL/JSON
array or SQL/JSON object to a string, similar to the capabilities of Subclause 9.42, “Parsing JSON text”, and
Subclause 9.43, “Serializing an SQL/JSON item”, respectively.

Access Rules

None.

General Rules

None.
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Conformance Rules

1) Without Feature T801, “JSONdata type”, conforming SQL language shall not contain a <JSONoutput
clause> that immediately contains a <data type> that identifies a JSON type.

2) Without Feature T803, “String-based JSON”, conforming SQL language shall not contain a <JSON
output clause> that explicitly or implicitly specifies FORMAT JSON and immediately contains a
<data type> that identifies a string type.

3) Without FeatureT851, “SQL/JSON: optional keywords for default syntax”, conforming SQL language
shall not contain a <JSON output clause> that simply contains FORMAT JSON and immediately
contains a <data type> that specifies JSON.
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10.14 <JSON API common syntax>

Function

Define the inputs to JSON_VALUE, JSON_QUERY, JSON_TABLE, and JSON_EXISTS.

Format
<JSON API common syntax> ::=
<JSON context item> <comma> <JSON path specification> [ AS <JSON table path name> ]
    [ <JSON passing clause> ]

<JSON context item> ::=
<JSON input expression>

<JSON path specification> ::=
<character string literal>

<JSON passing clause> ::=
PASSING <JSON argument> [ { <comma> <JSON argument> }... ]

<JSON argument> ::=
<JSON input expression> AS <identifier>

Syntax Rules

1) The declared type of the <value expression> simply contained in the <JSON input expression>
immediately contained in the <JSON context item> shall be a string type or a JSON type. If the <JSON
context item> does not implicitly or explicitly specify a <JSON input clause>, then FORMAT JSON is
implicit.

2) Case:

a) If <JSONAPI common syntax> is not contained in <JSON table>, then <JSON table path name>
shall not be specified.

b) Otherwise, if <JSON table path name> is not specified, then an implementation-dependent
(UV084) <JSON table path name> is implicit.

3) Let P be the <JSON path specification>.

4) If the <JSON API common syntax> simply contains a <JSON passing clause>, then let PC be that
<JSON passing clause>; otherwise, let PC be the zero-length character string.

5) The Syntax Rules of Subclause 9.46, “SQL/JSON path language: syntax and semantics”, are applied
with P as PATH SPECIFICATION and PC as PASSING CLAUSE.

Access Rules

None.

General Rules

None.
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Conformance Rules

1) Without Feature T823, “SQL/JSON: PASSING clause”, <JSON API common syntax> shall not contain
<JSON passing clause>.
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11 Schema definition andmanipulation

This Clause is modified by Clause 10, “Schema definition and manipulation”, in ISO/IEC 9075-4.
This Clause is modified by Clause 10, “Schema definition and manipulation”, in ISO/IEC 9075-9.
This Clause is modified by Clause 10, “Schema definition and manipulation”, in ISO/IEC 9075-13.
This Clause is modified by Clause 12, “Schema definition and manipulation”, in ISO/IEC 9075-14.
This Clause is modified by Clause 11, “Schema definition and manipulation”, in ISO/IEC 9075-15.
This Clause is modified by Clause 11, “Schema definition and manipulation”, in ISO/IEC 9075-16.

11.1 <schema definition>
This Subclause is modified by Subclause 10.1, “<schema definition>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 10.1, “<schema definition>”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 11.1, “<schema definition>”, in ISO/IEC 9075-16.

Function

Define a schema.

Format
<schema definition> ::=
CREATE SCHEMA <schema name clause>
    [ <schema character set or path> ]
    [ <schema element>... ]

<schema character set or path> ::=
<schema character set specification>

| <schema path specification>
| <schema character set specification> <schema path specification>
| <schema path specification> <schema character set specification>

<schema name clause> ::=
<schema name>

| AUTHORIZATION <schema authorization identifier>
| <schema name> AUTHORIZATION <schema authorization identifier>

<schema authorization identifier> ::=
<authorization identifier>

<schema character set specification> ::=
DEFAULT CHARACTER SET <character set specification>

<schema path specification> ::=
<path specification>

04  09  16 <schema element> ::=
<table definition>

| <view definition>
| <domain definition>
| <character set definition>
| <collation definition>
| <transliteration definition>
| <assertion definition>
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| <trigger definition>
| <user-defined type definition>
| <user-defined cast definition>
| <user-defined ordering definition>
| <transform definition>
| <schema routine>
| <sequence generator definition>
| <grant statement>
| <role definition>

Syntax Rules

1) If <schemaname> is not specified, thena<schemaname>equal to<schemaauthorization identifier>
is implicit.

2) If AUTHORIZATION <schema authorization identifier> is not specified, then

Case:

a) If the <schema definition> is contained in an SQL-client module that has a <module authoriz-
ation identifier> specified, then an <authorization identifier> equal to that <module authoriz-
ation identifier> is implicit for the <schema definition>.

b) Otherwise, an <authorization identifier> equal to the SQL-session user identifier is implicit.

3) The <unqualified schema name> of the explicit or implicit <schema name> shall not be equivalent
to the <unqualified schema name> of the <schema name> of any other schema in the catalog iden-
tified by the <catalog name> of <schema name>.

4) If a <schema definition> is contained in an <externally-invoked procedure> in an <SQL-client
moduledefinition>, then the effective<schemaauthorization identifier>and<schemaname>during
processing of the <schema definition> are, respectively, the <schema authorization identifier> and
<schema name> specified or implicit in the <schema definition>.

NOTE 535— Other SQL-statements executed in <externally-invoked procedure>s in the SQL-client module have
the <module authorization identifier> and <schema name> specified or implicit for the SQL-client module.

5) If <schema character set specification> is not specified, then a <schema character set specification>
that specifies an implementation-defined (ID139) character set that contains at least every character
that is in <SQL language character> is implicit.

6) If <schema path specification> is not specified, then a <schema path specification> containing an
implementation-defined (ID140) <schema name list> that contains the <schema name> contained
in <schema name clause> is implicit.

7) The explicit or implicit <catalog name> of each <schema name> contained in the <schema name
list> of the <schema path specification> shall be equivalent to the <catalog name> of the <schema
name> contained in the <schema name clause>.

8) The <schema name list> of the explicit or implicit <schema path specification> is used as the SQL-
path of the schema. The SQL-path is used to effectively qualify unqualified <routine name>s that
are immediately contained in <routine invocation>s that are contained in the <schema definition>.

NOTE 536— <routine name> is defined in Subclause 5.4, “Names and identifiers”.

Access Rules

1) The privileges necessary to execute the <schema definition> are implementation-defined (IW140).
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General Rules

1) A <schema definition> creates an SQL-schema S in a catalog. S includes:

a) A schema name that is equivalent to the explicit or implicit <schema name>.

b) A schema authorization identifier that is equivalent to the explicit or implicit <authorization
identifier>.

c) A schema character set name that is equivalent to the explicit or implicit <schema character
set specification>.

d) A schema SQL-path that is equivalent to the explicit or implicit <schema path specification>.

e) The descriptor created by every <schema element> of the <schema definition>.

2) The owner of S is schema authorization identifier.

3) The explicit or implicit <character set specification> is used as the default character set used for all
<column definition>s and <domain definition>s that do not specify an explicit character set.

Conformance Rules

1) Without Feature S071, “SQL paths in function and type name resolution”, conforming SQL language
shall not contain a <schema path specification>.

2) WithoutFeatureF461, “Namedcharacter sets”, conformingSQL language shall not contain a<schema
character set specification>.

3) Without Feature F171, “Multiple schemas per user”, conforming SQL language shall not contain a
<schema name clause> that contains a <schema name>.

4) Without Feature T332, “Extended roles”, in conforming SQL language a <schema authorization
identifier> shall not be a <role name>.

© ISO/IEC 2023 – All rights reserved 839

ISO/IEC 9075-2:2023(E)
11.1 <schema definition>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


11.2 <drop schema statement>
This Subclause is modified by Subclause 10.2, “<drop schema statement>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 10.2, “<drop schema statement>”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 10.1, “<drop schema statement>”, in ISO/IEC 9075-13.
This Subclause is modified by Subclause 11.2, “<drop schema statement>”, in ISO/IEC 9075-16.

Function

Destroy a schema.

Format
<drop schema statement> ::=
DROP SCHEMA <schema name> <drop behavior>

<drop behavior> ::=
CASCADE

| RESTRICT

Syntax Rules

1) Let S be the schema identified by <schema name> SN.

2) SN shall identify a schema in the catalog identified by the explicit or implicit <catalog name>.

3) SN shall not identify the schema named “INFORMATION_SCHEMA” in any catalog.

4) 04 If RESTRICT is specified, then S shall not contain any of the following objects:

a) Persistent base tables.

b) Global temporary tables.

c) Created local temporary tables.

d) Views.

e) Domains.

f) Assertions.

g) Character sets.

h) Collations.

i) Transliterations.

j) Triggers.

k) User-defined types.

l) SQL-invoked routines.

m) Sequence generators.

n) 09 13 16Roles.

and the <schemaname>of S shall not be contained in the SQL routine body of any routine descriptor.
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NOTE537— If CASCADE is specified, then such objectswill be dropped implicitly by the <revoke statement> and/or
explicitly by the SQL-schema manipulation statements specified in the General Rules of this Subclause.

Access Rules

1) The enabled authorization identifiers shall include the <authorization identifier> that owns the
schema identified by SN.

General Rules

1) 09 13 For every base table T or temporary table T included in S:

a) Let TN be the name of T.

b) The following <drop table statement> is effectively executed:

DROP TABLE TN CASCADE

2) For every view V included in S:

a) Let VN be the name of V.

b) The following <drop view statement> is effectively executed:

DROP VIEW VN CASCADE

3) For every domain D included in S:

a) Let DN be the name of D.

b) The following <drop domain statement> is effectively executed:

DROP DOMAIN DN CASCADE

4) For every assertion A included in S:

a) Let AN be the constraint name of A.

b) The following <drop assertion statement> is effectively executed:

DROP ASSERTION AN CASCADE

5) For every collation CD included in S:

a) Let CDN be the name of CD.

b) The following <drop collation statement> is effectively executed:

DROP COLLATION CDN CASCADE

6) For every transliteration TD included in S:

a) Let TDN be the name of TD.

b) The following <drop transliteration statement> is effectively executed:

DROP TRANSLATION TDN

7) For every character set RD included in S:

a) Let RDN be the name of RD.
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b) The following <drop character set statement> is effectively executed:

DROP CHARACTER SET RDN

8) 04 For every user-defined type DT included in S:

a) Let DTN be the name of DT.

b) The following <drop data type statement> is effectively executed:

DROP TYPE DTN CASCADE

9) For every trigger TT included in S:

a) Let TTN be the name of TT.

b) The following <drop trigger statement> is effectively executed:

DROP TRIGGER TTN

10) For every SQL-invoked routine R included in S:

a) Let SN be the <specific name> of R.

b) The following <drop routine statement> is effectively executed:

DROP SPECIFIC ROUTINE SN CASCADE

11) LetRS be the set of all SQL-invoked routineswhose routine descriptor contains the <schemaname>
of S in the <SQL routine body>. For every routine R in RS:

a) 04 Let SN be the <specific name> of R.

b) The following <drop routine statement> is effectively executed without further Access Rule
checking:

DROP SPECIFIC ROUTINE SN CASCADE

12) 13 16 For every sequence generator SEQ included in S:

a) Let SEQN be the sequence generator name of SEQ.

b) The following <drop sequence generator statement> is effectively executed:

DROP SEQUENCE SEQN CASCADE

13) S is destroyed.

Conformance Rules

1) Without Feature F032, “CASCADE drop behavior”, conforming SQL language shall not contain a
<drop behavior> that contains CASCADE.

2) Without Feature F381, “Extended schemamanipulation”, conforming SQL language shall not contain
a <drop schema statement>.
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11.3 <table definition>
This Subclause is modified by Subclause 10.3, “<table definition>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 10.3, “<table definition>”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 10.2, “<table definition>”, in ISO/IEC 9075-13.
This Subclause is modified by Subclause 11.3, “<table definition>”, in ISO/IEC 9075-16.

Function

Define a persistent base table, a created local temporary table, or a global temporary table.

Format
<table definition> ::=
CREATE [ <table scope> ] TABLE <table name> <table contents source>
    [ WITH <system versioning clause> ]
    [ ON COMMIT <table commit action> ROWS ]

<table contents source> ::=
<table element list>

| <typed table clause>
| <as subquery clause>

<table scope> ::=
<global or local> TEMPORARY

<global or local> ::=
GLOBAL

| LOCAL

<system versioning clause> ::=
SYSTEM VERSIONING

<table commit action> ::=
PRESERVE

| DELETE

<table element list> ::=
<left paren> <table element> [ { <comma> <table element> }... ] <right paren>

<table element> ::=
<column definition>

| <table period definition>
| <table constraint definition>
| <like clause>

<typed table clause> ::=
OF <path-resolved user-defined type name> [ <subtable clause> ]
    [ <typed table element list> ]

<typed table element list> ::=
<left paren> <typed table element>
    [ { <comma> <typed table element> }... ] <right paren>

<typed table element> ::=
<column options>

| <table constraint definition>
| <self-referencing column specification>

<self-referencing column specification> ::=
REF IS <self-referencing column name> [ <reference generation> ]
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<reference generation> ::=
SYSTEM GENERATED

| USER GENERATED
| DERIVED

<self-referencing column name> ::=
<column name>

<column options> ::=
<column name> WITH OPTIONS <column option list>

09 <column option list> ::=
[ <scope clause> ] [ <default clause> ] [ <column constraint definition>... ]

<subtable clause> ::=
UNDER <supertable clause>

<supertable clause> ::=
<supertable name>

<supertable name> ::=
<table name>

<like clause> ::=
LIKE <table name> [ <like options> ]

<like options> ::=
<like option>...

<like option> ::=
<identity option>

| <column default option>
| <generation option>

<identity option> ::=
INCLUDING IDENTITY

| EXCLUDING IDENTITY

<column default option> ::=
INCLUDING DEFAULTS

| EXCLUDING DEFAULTS

<generation option> ::=
INCLUDING GENERATED

| EXCLUDING GENERATED

<as subquery clause> ::=
[ <left paren> <column name list> <right paren> ] AS <table subquery>

<with or without data>

<with or without data> ::=
WITH NO DATA

| WITH DATA

<table period definition> ::=
<system or application time period specification>

<left paren> <period begin column name> <comma> <period end column name> <right paren>

<system or application time period specification> ::=
<system time period specification>

| <application time period specification>

<system time period specification> ::=
PERIOD FOR SYSTEM_TIME
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<application time period specification> ::=
PERIOD FOR <application time period name>

<application time period name> ::=
<identifier>

<period begin column name> ::=
<column name>

<period end column name> ::=
<column name>

Syntax Rules

1) Atmost one<table element> shall be a <table perioddefinition> that contains a <system timeperiod
specification>. At most one <table element> shall be a <table period definition> that contains an
<application time period specification>.

2) If a <table period definition> TPD is specified, then:

a) <table scope> shall not be specified.

b) <table contents source> shall specify <table element list>.

c) IfTPD contains a <system timeperiod specification>, then letPNbe SYSTEM_TIME; otherwise,
let PN be the <application time period name> contained in TPD.

d) No <column name> in any <column definition> shall be equivalent to PN.

e) <table element list> shall contain two <column definition>s CD1 and CD2 such that all of the
following are true:

i) The <column name> CN1 included in CD1 is equivalent to the <period begin column
name> contained in TPD. The column identified by CN1 is the PN period start column.

ii) The <column name> CN2 included in CD2 is equivalent to the <period end column
name> contained in TPD. The column identified by CN2 is the PN period end column.

iii) The <data type or domain name> contained in CD1 is either DATE or a timestamp type
and it is equivalent to the <data type or domain name> contained in CD2.

iv) CD1andCD2both contain either anexplicit or an implicit <columnconstraint definition>
that specifies NOT NULL NOT DEFERRABLE ENFORCED.

v) Case:

1) If TPD contains a <system time period specification>, then CD1 shall contain a
<system timeperiod start column specification> and CD2 shall contain a <system
time period end column specification>.

2) Otherwise:

A) Neither CD1 nor CD2 shall contain an <identity column specification>, a
<generation clause>, a <system time period start column specification>, or
a <system time period end column specification>.

B) Let S be the schema identified by the explicit or implicit <schema name> of
TN. Let IDCN be an implementation-defined <constraint name> that is not
equivalent to the <constraint name> of any table constraint descriptor
included in S. The following <table constraint definition> is implicit:

CONSTRAINT IDCN CHECK ( CN1 < CN2 )
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3) IfWITH <system versioning clause> is specified, then a <table period definition> STT that specifies
SYSTEM_TIME shall be specified.

4) 04The<table contents source> shall not contain a<host parameter specification>, an<SQLparameter
reference>, a <dynamic parameter specification>, or an <embedded variable specification>.

5) LetTbe the table definedby the<table definition>TD. LetTNbe the<table name> simply contained
in TD.

6) If a <table definition> is contained in a <schema definition> SD and TN contains a <local or schema
qualifier>, then that <local or schemaqualifier> shall be equivalent to the implicit or explicit <schema
name> of SD.

7) 16TN shall not identify an existing table descriptor.

8) If the <table definition> is contained in a <schema definition>, then let A be the explicit or implicit
<authorization identifier> of the <schema definition>. Otherwise, let A be the <authorization iden-
tifier> that owns the schema identified by the implicit or explicit <schema name> of TN.

9) If <table element list> TEL is specified, then:

a) TEL shall contain at least one <column definition> or <like clause>.

b) For each <like clause> LC that is directly contained in TEL:

i) Let LT be the table identified by the <table name> contained in LC. LT shall not be a
system-versioned table.

ii) If LT is a viewed table, then <like options> shall not be specified.

iii) Let D be the degree of LT. For i, 1 (one) ≤ i ≤ D:

1) Let LCDi be the column descriptor of the i-th column of LT.

2) Let LCNi be the column name included in LCDi.

3) Let LDTi be the data type included in LCDi.

4) If the nullability characteristic included in LCDi is known not nullable, then let
LNCi be NOT NULL; otherwise, let LNCi be the zero-length character string.

5) Let CDi be the <column definition>

LCNi LDTi LNCi

iv) If <like options> is specified, then:

1) <identity option> shall not be specifiedmore than once, <columndefault option>
shall not be specified more than once, and <generation option> shall not be spe-
cified more than once.

2) If <identity option> is not specified, then EXCLUDING IDENTITY is implicit.

3) If <column default option> is not specified, then EXCLUDING DEFAULTS is
implicit.

4) If <generation option> is not specified, then EXCLUDINGGENERATED is implicit.

5) If INCLUDING IDENTITY is specified and LT includes an identity column, then let
ICD be the column descriptor of that column included in the table descriptor of
LT. Let SGD be the sequence generator descriptor included in ICD.
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Let SV be the start value included in SGD.A)

B) Let IV be the increment included in SGD.

C) LetMAX be the maximum value included in SGD.

D) LetMIN be the minimum value included in SGD.

E) Let CYC be the cycle option included in SGD.

F) Let k be the ordinal position in which the column described by ICD appears
in the table identified by LT.

G) Case:

I) If ICD indicates that values are always generated, then let G be GEN-
ERATED ALWAYS.

II) If ICD indicates that values are generated by default, then let G be
GENERATED BY DEFAULT.

H) The value of CDk is replaced by:

LCNk LDTk
G AS IDENTITY ( START WITH SV, INCREMENT BY IV,

MAXVALUE MAX, MINVALUE MIN, CYC ) LNCk

6) If INCLUDINGGENERATED is specified, then letGCDj, 1 (one)≤ j≤D, be the column
descriptors included in the descriptor of LT, with j being the ordinal position of
the column described by GCDj. For each GCDj that indicates that the column it
describes is a generated column:

A) Let GEj be the <generation expression> included in GCDj, where the <table
name> contained in every contained <column reference> is replaced byTN.

B) The value of CDj is replaced by

LCNj LDTj GENERATED ALWAYS AS GEj LNCj

7) If INCLUDING DEFAULTS is specified, then let DCDm, 1 (one) ≤m ≤ D, be the
column descriptors included in the descriptor of LT, withm being the ordinal
position of the column described by DCDm.

For each DCDm, if DCDm includes a <default option> DOm, then the value of CDm
is replaced by

LCNm LDTm DEFAULT DOm LCNm

v) LC is effectively replaced by:

CD1, ..., CDD

NOTE538—<columnconstraint>s, except forNOTNULL, are not included inCDi; <column constraint
definition>s are effectively transformed to<table constraint definition>s andare therebyalso excluded.

10) If <as subquery clause> is specified, then:

a) Let ASQ be the <table subquery> immediately contained in <as subquery clause>. Let QT be
the table specified by ASQ.
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b) If any two columns in QT have equivalent <column name>s, or if any column of QT has an
implementation-dependent name, then <column name list> shall be specified.

c) Let D be the degree of QT.

d) <column name list> shall not contain two or more equivalent <column name>s.

e) The number of <column name>s in <column name list> shall be D.

f) For i, 1 (one) ≤ i ≤ D:

i) Case:

1) If <column name list> is specified, then let QCNi be the i-th <column name> in
that <column name list>.

2) Otherwise, let QCNi be the <column name> of the i-th column of QT.

ii) Let QDTi be the declared type of the i-th column of QT.

iii) If the nullability characteristic of the i-th column of QT is known not nullable, then let
QNCi be NOT NULL; otherwise, let QNCi be the zero-length character string.

iv) Let CDi be the <column definition>

QCNi QDTi QNCi

g) <as subquery clause> is effectively replaced by a <table element list> TEL of the form:

CD1, ..., CDD

11) If <typed table clause> TTC is specified, then:

a) The <user-defined type name> simply contained in <path-resolved user-defined type name>
shall identify a structured type ST.

b) If <subtable clause> is specified, then <self-referencing column specification> shall not be
specified. Otherwise, <self-referencing column specification> shall be specified exactly once.

c) If <self-referencing column specification> SRCS is specified, then letRST be the reference type
REF(ST).

i) <subtable clause> shall not be specified.

ii) <table scope> shall not be specified.

iii) If SYSTEM GENERATED is specified, then RST shall have a system-defined representa-
tion.

iv) If USER GENERATED is specified, then RST shall have a user-defined representation.

v) If DERIVED is specified, then RST shall have a derived representation.

vi) IfRST has a derived representation, then letm be the number of derivational attributes
of the derived representation of RST and let Ai, 1 (one) ≤ i ≤m, be those derivational
attributes.

1) TD shall contain a <table constraint definition> that specifies a <unique constraint
definition> UCDwhose <unique column list> contains the attribute names of A1,
A2, ..., Am in that order.
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2) If UCD does not specify PRIMARY KEY, then for every attribute Ai, 1 (one) ≤ i ≤
m, TD shall contain a <column options> COiwith a <column name> that is equi-
valent to the <attribute name> of Ai and with a <column constraint definition>
that specifies NOT NULL.

vii) Let CD0 be the <column definition>:

CN0 RST SCOPE(TN) UNIQUE NOT NULL

where CN0 denotes the <self-referencing column name> simply contained in SRCS.

d) If <subtable clause> is specified, then:

i) The <table name> contained in the <subtable clause> identifies the direct supertable
of T, which shall be a base table. T is called a direct subtable of the direct supertable of
T.

ii) ST shall be a direct subtype of the structured type of the direct supertable of T.

iii) The SQL-schema identified by the explicit or implicit <schema name> of the <table
name> of T shall include the descriptor of the direct supertable of T.

iv) The subtable family ofT shall not includeamember, other thanT itself,whose associated
structured type is ST.

v) TD shall not contain a <table constraint definition> that specifies PRIMARY KEY.

vi) Let the term inherited columnofT refer to a columnofT that corresponds to an inherited
attribute of ST. For every such inherited attribute IA, there is a column CA of the direct
supertable of T such that the <column name> of CA is equivalent to the <attribute
name> of IA. CA is called the direct supercolumn of IA in the direct supertable of T.

vii) Let CD0 be the <column definition>:

CN0 RST SCOPE(TN) UNIQUE NOT NULL

where CN0 denotes the <self-referencing column name> simply contained in SRCS.

e) 13 Let the term originally-defined column of T refer to a column of T that corresponds to an
originally-defined attribute of ST.

f) Let n be the number of attributes of ST. Let ADi, 1 (one) ≤ i ≤ n, be the attribute descriptors
included in the data type descriptor of ST and let CDi be the <column definition> CNi DTi DCi,
where:

i) CNi is the attribute name included in ADi.

ii) DTi is some <data type> that, under the General Rules of Subclause 6.1, “<data type>”,
would result in the creation of the data type descriptor included in ADi.

iii) If ADi describes an inherited attribute IA, then

Case:

1) If the column descriptor of the direct supercolumn of IA includes a default value,
then DCi is some <default clause> whose <default option> denotes this default
value.

2) Otherwise, DCi is the zero-length character string.
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iv) If ADi describes an originally-defined attribute OA, then

Case:

1) If ADi includes a default value, then DCi is some <default clause> whose <default
option> denotes this default value.

2) Otherwise, DCi is the zero-length character string.

g) If <typed table element list> TTEL is specified and <column options> CO is specified, then:

i) The <column name> CN simply contained in CO shall be equivalent to the <column
name> CNj specified in some <column definition> CDj and shall refer to an originally-
defined column of T.

ii) CN shall not be equivalent to the<columnname>simply contained in anyother<column
options> contained in TTEL.

iii) 09A<columnoption list> shall immediately contain either a <scope clause>or a <default
clause>, or at least one <column constraint definition>.

iv) IfCO specifies a <scope clause> SC, thenDTj shall be a<reference type>RT. IfRT contains
a <scope clause>, then that <scope clause> is replaced by SC; otherwise, RT is replaced
by RT SC.

NOTE 539— Changes to the scope of a column of a typed table do not affect the scope defined for
the underlying attribute. Such an attribute scope serves as a kind of default for the column’s scope,
at the time the typed table is defined, and is not restored if a column’s scope is dropped.

v) If CO specifies a <default clause> DC, then DCj is replaced by DC in CDj.

vi) 09 If CO specifies a non-empty list CCDL of <column constraint definition>s, then CDj is
replaced by CDj CCDL.

vii) CO is deleted from TTEL.

h) T is a referenceable table.

i) If TTEL is empty, then let TEL be a <table element list> of the form

CD0, ..., CDn

Otherwise, then let TEL be a <table element list> of the form

CD0, ..., CDn TTEL

12) If ON COMMIT is specified, then TEMPORARY shall be specified.

13) If TEMPORARY is specified and ON COMMIT is not specified, then ON COMMIT DELETE ROWS is
implicit.

14) Every referenceable table referenced by a <scope clause> contained in a <column definition> or
<column options> contained in TD shall be

Case:

a) If TD specifies no <table scope>, then a persistent base table.

b) If TD specifies GLOBAL TEMPORARY, then a global temporary table.

c) If TD specifies LOCAL TEMPORARY, then a created local temporary table.
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15) At most one <table element> shall be a <column definition> that contains an <identity column
specification>.

16) The <table name> is a range variable whose scope is the <table definition>, excluding the <as sub-
query clause>.

Access Rules

1) If a <table definition> is contained in an <SQL-clientmodule definition>, then the enabled authoriz-
ation identifiers shall include A.

2) If a <like clause> is contained in a <table definition>, then the applicable privileges forA shall include
SELECT privilege on the table identified in the <like clause>.

3) A shall have in its applicable privileges the UNDER privilege on the <supertable name> specified in
<subtable clause>.

4) If “OF <path-resolved user-defined type name>” is specified, then the applicable privileges for A
shall include USAGE on ST.

General Rules

1) A<table definition>defines either a regular persistent base table, a system-versioned table, a global
temporary table, or a created local temporary table.

Case:

a) If GLOBAL is specified, then a global temporary table is defined.

b) If LOCAL is specified, then a created local temporary table is defined.

c) IfWITH <system versioning clause> is specified and a <table period definition> that specifies
SYSTEM_TIME is specified, then a system-versioned table is defined.

d) Otherwise, a regular persistent base table is defined.

2) 09The degree of T is initially set to 0 (zero); the General Rules of Subclause 11.4, “<column defini-
tion>”, specify the degree of T during the definition of the columns of T.

3) If <path-resolved user-defined type name> is specified, then:

a) Let R be the structured type identified by the <user-defined type name> simply contained in
<path-resolved user-defined type name>.

b) R is the structured type associated with T.

4) A table descriptor TDS is created that describes T. TDS includes:

a) The table name TN.

b) An indication ofwhether the table is a regular persistent base table, a system-versioned table,
a global temporary table, a created local temporary table, or a declared local temporary table.

c) The columndescriptors of every columnofT, according to the Syntax Rules andGeneral Rules
of Subclause 11.4, “<column definition>”, applied to the <column definition>s contained in
TEL, in the order in which they were specified.

d) If a <table perioddefinition> that specifies SYSTEM_TIME is specified, then aperioddescriptor
that contains SYSTEM_TIME as the name of the period and the names of the SYSTEM_TIME
period start and SYSTEM_TIME period end columns.
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e) If a <table period definition> that contains an <application time period specification> is spe-
cified that contains <application time period name> ATPN, then a period descriptor that con-
tains ATPN as the name of the period, the names of the ATPN period start and ATPN period
end columns, and IDCN as the name of the implicit ATPN period constraint.

f) If <typed table clause> is specified, then:

i) An indication that the table is a referenceable table.

ii) An indication that the column at ordinal position 1 (one) is the self-referencing column
of T. The column descriptor included in TDS that describes that column is marked as
identifying a self-referencing column.

iii) IfRSThas a system-defined representation, then an indication that the self-referencing
column is a system-generated self-referencing column.

iv) IfRSThas a derived representation, then an indication that the self-referencing column
is a derived self-referencing column.

v) If RST has a user-defined representation, then an indication that the self-referencing
column is a user-generated self-referencing column.

g) The table constraint descriptors specified by each <table constraint definition> contained in
TEL.

h) If a <path-resolved user-defined type name> is specified, then the user-defined type name of
R.

i) If <subtable clause> is specified, then the table name of the direct supertable of T contained
in the <subtable clause>.

j) A non-empty set of functional dependencies, according to the rules given in Subclause 4.26,
“Functional dependencies”.

k) A non-empty set of candidate keys.

l) A preferred candidate key, which may be (but is not required to be) additionally designated
the primary key, according to the Rules in Subclause 4.26, “Functional dependencies”.

m) If TEMPORARY is specified, then

Case:

i) If ON COMMIT PRESERVE ROWS is specified, then an indication that ON COMMIT
PRESERVE ROWS is specified.

ii) Otherwise, an indication that ON COMMIT DELETE ROWS is specified or implied.

n) Case:

i) If <typed table clause> is not specified, then an indication that T is insertable-into.

ii) Otherwise,

Case:

1) If the data type descriptor of R indicates that R is instantiable, then an indication
that T is insertable-into.

2) Otherwise, an indication that T is not insertable-into.

5) In the descriptor of each direct supertable of T, TN is added to the end of the list of direct subtables.
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6) If <subtable clause> is specified, then a set of privilege descriptors is created that defines the priv-
ileges SELECT, UPDATE, and REFERENCES for every inherited column of this table to the <author-
ization identifier> that owns the schema identified by the implicit or explicit <schema name> of
the <table name> of the direct supertable from which that column was inherited. These privileges
are grantable. The grantor for each of these privilege descriptors is set to the special grantor value
"_SYSTEM".

7) A set of privilegedescriptors is created that define theprivileges INSERT, SELECT, UPDATE,DELETE,
TRIGGER, and REFERENCES on this table and SELECT, INSERT, UPDATE, and REFERENCES for
every <column definition> in the table definition. If OF <path-resolved user-defined type name> is
specified, then a table/method privilege descriptor is created on this table for every method of the
structured type identified by the <path-resolved user-defined type name> and the table SELECT
privilege has the WITH HIERARCHY OPTION. These privileges are grantable.

The grantor for each of these privilege descriptors is set to the special grantor value "_SYSTEM".
The grantee is <authorization identifier> A.

8) If <subtable clause> is specified, then let ST be the set of supertables of T. Let PDS be the set of
privilege descriptors that defined SELECTWITH HIERARCHY OPTION privilege on a table in ST.
For every privilege descriptor in PDS, with grantee G, grantor A,

Case:

a) If the privilege is grantable, then letWGO be “WITH GRANT OPTION”.

b) Otherwise, letWGO be the zero-length character string.

The following <grant statement> is effectively executed without further Access Rule checking:

GRANT SELECT ON TN TO G WGO FROM A

9) The row type RT of the table T defined by the <table definition> is the set of pairs (<field name>,
<data type>) where <field name> is the name of a column C of T and <data type> is the declared
type ofC. This set of pairs contains onepair for each columnofT, in the order of their ordinal position
in T.

10) If <as subquery clause> is specified andWITH DATA is specified, then let QE be the <query
expression> simply contained in ASQ. The following <insert statement> is effectively executed
without further Access Rule checking:

INSERT INTO TN QE

Conformance Rules

1) Without Feature T171, “LIKE clause in table definition”, conforming SQL language shall not contain
a <like clause>.

2) Without Feature F531, “Temporary tables”, conforming SQL language shall not contain a <table
scope> and shall not reference any global or local temporary table.

3) Without Feature S051, “Create table of type”, conforming SQL language shall not contain “OF <path-
resolved user-defined type name>”.

4) Without Feature S043, “Enhanced reference types”, conforming SQL language shall not contain a
<column option list> that contains a <scope clause>.

5) Without Feature S043, “Enhanced reference types”, conforming SQL language shall not contain
<reference generation> that does not contain SYSTEM GENERATED.
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6) Without Feature S081, “Subtables”, conforming SQL language shall not contain a <subtable clause>.

7) Without Feature T172, “AS subquery clause in table definition”, conforming SQL language shall not
contain an <as subquery clause>.

8) Without Feature T173, “Extended LIKE clause in table definition”, a <like clause> shall not contain
<like options>.

9) Without FeatureT180, “System-versioned tables”, conforming SQL language shall not contain “WITH
<system versioning clause>” or a <table period definition> that specifies SYSTEM_TIME.

10) Without Feature T181, “Application-timeperiod tables”, conforming SQL language shall not contain
a <table period definition> that contains an <application time period specification>.
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11.4 <column definition>
This Subclause is modified by Subclause 10.4, “<column definition>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 12.1, “<column definition>”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 11.1, “<column definition>”, in ISO/IEC 9075-15.

Function

Define a column of a base table.

Format
<column definition> ::=
<column name> [ <data type or domain name> ]
    [ <default clause> | <identity column specification> | <generation clause>
    | <system time period start column specification>
    | <system time period end column specification> ]
    [ <column constraint definition>... ]
    [ <collate clause> ]

<data type or domain name> ::=
<data type>

| <domain name>

<system time period start column specification> ::=
<timestamp generation rule> AS ROW START

<system time period end column specification> ::=
<timestamp generation rule> AS ROW END

<timestamp generation rule> ::=
GENERATED ALWAYS

<column constraint definition> ::=
[ <constraint name definition> ] <column constraint> [ <constraint characteristics> ]

<column constraint> ::=
NOT NULL

| <unique specification>
| <references specification>
| <check constraint definition>

<identity column specification> ::=
GENERATED { ALWAYS | BY DEFAULT } AS IDENTITY
    [ <left paren> <common sequence generator options> <right paren> ]

<generation clause> ::=
<generation rule> AS <generation expression>

<generation rule> ::=
GENERATED ALWAYS

14 <generation expression> ::=
<left paren> <value expression> <right paren>

Syntax Rules

1) 04The <column definition> shall not contain a <host parameter specification>, an <SQL parameter
reference>, a <dynamic parameter specification>, or an <embedded variable specification>.

© ISO/IEC 2023 – All rights reserved 855

ISO/IEC 9075-2:2023(E)
11.4 <column definition>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


2) Case:

a) If the <column definition> is contained in a <table definition>, then let T be the table defined
by that <table definition>.

b) If the <column definition> is contained in a <temporary table declaration>, then let T be the
table declared by that <temporary table declaration>.

c) If the <column definition> is contained in an <alter table statement>, then let T be the table
identified in the containing <alter table statement>.

3) The <column name> in the <column definition> shall not be equivalent to the <column name> of
any other column of T.

4) Let A be the <authorization identifier> that owns T.

5) Let C be the <column name> of the <column definition>.

6) If <column definition> immediately contains <system time period start column specification> or
<system time period end column specification>, then:

a) <column definition> shall be contained in a <table definition> that specifies a <table period
definition> that specifies SYSTEM_TIME or in an <alter table statement> that specifies ADD
PERIOD SYSTEM_TIME.

b) <data type or domain name> shall specify either DATE or a timestamp type.

c) The <column constraint definition> NOT NULL NOT DEFERRABLE is implicit.

d) If <columndefinition> immediately contains <system timeperiod start column specification>,
then C is a system-time period start column; otherwise, C is a system-time period end column.

7) <data type or domain name> shall unambiguously reference either a <data type> or a <domain
name>.

8) If <domain name> is specified, then let D be the domain identified by the <domain name>.

9) If the descriptor of D includes any domain constraint descriptors, then T shall be a persistent base
table.

10) If <generation clause> GC is specified, then:

a) Let GE be the <generation expression> contained in GC.

b) C is a generated column.

c) Every <column reference> contained in GE shall reference a base column of T.

d) GE shall not contain a potential source of non-determinism.

e) GE shall not generally contain a <routine invocation> whose subject routine possibly reads
SQL-data.

f) GE shall not contain a <query expression>.

11) If <generation clause> is omitted, then either <data type> or <domain name> shall be specified.

12) Case:

a) If <columndefinition> immediately contains<domainname>, then it shall not also immediately
contain <collate clause>.

856 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
11.4 <column definition>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


b) Otherwise, <collate clause> shall not be both specified in <data type> and immediately con-
tained in <column definition>. If <collate clause> is immediately contained in <column defin-
ition>, then it is equivalent to specifying an equivalent <collate clause> in <data type>.

13) The declared type of the column is

Case:

a) If <data type> is specified, then that data type. If <generation clause> is also specified, then
the declared type of <generation expression> shall be assignable to the declared type of the
column.

b) If <domain name> is specified, then the declared type of D. If <generation clause> is also spe-
cified, then the declared type of <generation expression> shall be assignable to the declared
type of the column.

c) If <generation clause> is specified, then the declared type of GE.

14) If T is a system-versioned table, then the declared type of the column shall not be a reference type.

15) If a <data type> is specified, then:

a) Let DT be the <data type>.

b) IfDT specifies CHARACTER, CHARACTER VARYING, or CHARACTER LARGE OBJECT and does
not specify a <character set specification>, then the <character set specification> specified or
implicit in the <schema character set specification> of the <schema definition> that created
the schema identified by the <schema name> immediately contained in the <table name> of
the containing <table definition> or <alter table statement> is implicit.

16) If <identity column specification> ICS is specified, then:

a) Case:

i) If the declared type of the column being defined is a distinct typeDIST, then the source
type of DIST shall be exact numeric with scale 0 (zero). Let ICT be the source type of
DIST.

ii) Otherwise, the declared type of the column being defined shall be exact numeric with
scale 0 (zero). Let ICT be the declared type of the column being defined.

b) Let SGO be the <common sequence generator options>.

c) The Syntax Rules of Subclause 9.36, “Creation of a sequence generator”, are applied with SGO
as OPTIONS and ICT as DATA TYPE.

d) The <column constraint definition> NOT NULL NOT DEFERRABLE is implicit.

17) If a <column constraint definition> is specified, then let CND be the <constraint name definition>
if one is specified and let CND be the zero-length character character string otherwise; let CA be the
<constraint characteristics> if specified and let CA be the zero-length character string otherwise.
The <column constraint definition> is equivalent to a <table constraint definition> as follows.

Case:

a) If a <column constraint definition> is specified that contains the <column constraint> NOT
NULL, then it is equivalent to the following <table constraint definition>:

CND CHECK ( C IS NOT NULL ) CA

b) If a <column constraint definition> is specified that contains a <unique specification>US, then
it is equivalent to the following <table constraint definition>:
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CND US (C) CA

NOTE 540— The <unique specification> is defined in Subclause 11.7, “<unique constraint definition>”.

c) If a <column constraint definition> is specified that contains a <references specification> RS,
then it is equivalent to the following <table constraint definition>:

CND FOREIGN KEY (C) RS CA

NOTE541—The<references specification> is defined in Subclause 11.8, “<referential constraint definition>”.

d) If a <column constraint definition> is specified that contains a <check constraint definition>
CCD, then it is equivalent to the following <table constraint definition>:

CND CCD CA

Each column reference directly contained in the <search condition> shall reference column
C.

18) 14The schema identified by the explicit or implicit <schema name> of the <domain name> shall
include the descriptor of D.

Access Rules

1) If <domain name> is specified, then the applicable privileges for A shall include USAGE on D.

General Rules

1) A <column definition> defines a column in a table.

2) If the <columndefinition> specifies<data type>, then adata typedescriptor is created that describes
the declared type of the column being defined.

3) The degree of the table T being defined in the containing <table definition> or <temporary table
declaration>, or being altered by the containing <alter table statement> is increased by 1 (one).

4) If <identity column specification> is specified, then the General Rules of Subclause 9.36, “Creation
of a sequence generator”, are applied with SGO as OPTIONS and ICT asDATA TYPE; let the sequence
generator descriptorDSGbe the SEQGENDESC returned from the applicationof thoseGeneral Rules.

5) A column descriptor is created that describes the column being defined. The column descriptor
includes:

a) C, the name of the column.

b) Case:

i) If the <column definition> specifies a <data type> or a <generation clause>, then the
data type descriptor of the declared type of the column.

ii) Otherwise, the <domain name> that identifies the domain of the column.

c) The ordinal position of the column.
NOTE542—Theordinal positionof the column is equal to thedegree ofT at the time this <columndefinition>
is being processed.

d) Thenullability characteristic of the column,determinedaccording to the rules in Subclause4.15,
“Columns, fields, and attributes”.

NOTE 543— Both <column constraint definition>s and <table constraint definition>s must be analyzed to
determine the nullability characteristics of all columns.
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e) If <default clause> is specified, then the <default option>.

f) If <identity column specification> is specified, then:

i) An indication that the column is an identity column.

ii) If ALWAYS is specified, then an indication that values are always generated.

iii) If BY DEFAULT is specified, then an indication that values are generated by default.

iv) DSG.

g) If <system time period start column specification> is specified, then an indication that the
column is a system-time period start column.

h) If <system time period end column specification> is specified, then an indication that the
column is a system-time period end column.

i) If <system time period start column specification> or <system time period end column spe-
cification> is specified, then an indication that transaction timestamp values are always gen-
erated.

j) Case:

i) If the <column definition> specifies a <generation clause>, then an indication that the
column is “ALWAYS” generated and GE.

ii) Otherwise, an indication that the column is “NEVER” generated.

k) An indication that the column is updatable.

l) If a <column constraint definition> is specified that contains the <column constraint> NOT
NULL, then:

i) An indication that the column is defined as NOT NULL.

ii) The constraint name of the associated table constraint definition.
NOTE 544— The associated table constraint definition is the <table constraint definition> specified
in SR 17)a) of this Subclause.

6) If <domain name> is specified, then, for every domain constraint descriptor DCD included in the
domain descriptor of D, let DSC be the template <search condition> included in DCD. Let CSC be a
copy of DSC in which every instance of the <general value specification> VALUE is replaced by C. A
domain constraint usage descriptor is created and added to the set of domain constraint usage
descriptors included in DCD. The domain constraint usage descriptor created includes:

a) The name of the applicable column.

b) The constraint name included in DCD, as the name of the applicable domain constraint.

c) The indication included in DCD as to whether the constraint is deferrable.

d) The initial constraint mode included in DCD.

e) The applicable <search condition>

( SELECT EVERY ( CSC )
FROM T )

NOTE 545— This is a <scalar subquery> of declared type BOOLEAN.
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Conformance Rules

1) Without Feature F692, “Extended collation support”, conforming SQL language shall not contain a
<column definition> that immediately contains a <collate clause>.

2) Without Feature T174, “Identity columns”, conforming SQL language shall not contain an <identity
column specification>.

3) Without Feature T175, “Generated columns”, conforming SQL language shall not contain a <gener-
ation clause>.

4) 14 15Without Feature T180, “System-versioned tables”, conforming SQL language shall not contain
<system timeperiod start columnspecification>or<system timeperiod end columnspecification>.
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11.5 <default clause>
This Subclause is modified by Subclause 10.5, “<default clause>”, in ISO/IEC 9075-4.

Function

Specify the default for a column, domain, or attribute.

Format
<default clause> ::=
DEFAULT <default option>

<default option> ::=
<literal>

| <datetime value function>
| USER
| CURRENT_USER
| CURRENT_ROLE
| SESSION_USER
| SYSTEM_USER
| CURRENT_CATALOG
| CURRENT_SCHEMA
| CURRENT_PATH
| <implicitly typed value specification>

Syntax Rules

1) 04The subject data type of a <default clause> is the data type specified in the descriptor identified
by the containing <column definition>, <domain definition>, <attribute definition>, <alter column
definition>, or <alter domain statement>.

2) If USER is specified, then CURRENT_USER is implicit.

3) Case:

a) If the subject data type of the <default clause> is a collection type or a distinct type whose
source type is a collection type, then <default option> shall specify <implicitly typed value
specification>.

b) If the subject data type of the <default clause> is a user-defined type, a reference type, or a
row type, then <default option> shall specify <null specification>.

4) Case:

a) If a <literal> is specified, then

Case:

i) If the subject data type is character string, then the<literal> shall be a <character string
literal>. If the length of the subject data type is fixed, then the length in characters of
the <character string literal> shall not be greater than the length of the subject data
type. If the length of the subject data type is variable, then the length in characters of
the <character string literal> shall not be greater than the maximum length of the
subject data type. The <literal> shall have the same character repertoire as the subject
data type.
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ii) If the subject data type is binary string, then the <literal> shall be a <binary string lit-
eral>. If the length of the subject data type is fixed, then the length in octets of the
<binary string literal> shall not be greater than the length of the subject data type. If
the length of the subject data type is variable, then the length in octets of the <binary
string literal> shall not be greater than the maximum length of the subject data type.

iii) If the subject data type is exact numeric, then the <literal> shall be a <signed numeric
literal> that simply contains an<exact numeric literal>. There shall be a representation
of the value of the <literal> in the subject data type that does not lose any significant
digits.

iv) If the subject data type is approximate numeric, then the <literal> shall be a <signed
numeric literal>.

v) If the subject data type is datetime, then the <literal> shall be a <datetime literal> with
the sameprimary datetimefields and the same time zone datetimefields as the subject
data type. If SECOND is one of these fields, then the fractional seconds precision of the
<datetime literal> shall be less than or equal to the fractional seconds precision of the
subject data type.

vi) If the subject data type is interval, then the <literal> shall be an <interval literal> and
shall contain the same <interval qualifier> as the subject data type.

vii) If the subject data type is Boolean, then the <literal> shall be a <boolean literal>.

b) If CURRENT_USER, CURRENT_ROLE, SESSION_USER, SYSTEM_USER, CURRENT_CATALOG, or
CURRENT_SCHEMA is specified, then the subject data type shall be character string with
character set SQL_IDENTIFIER. If the length of the subject data type is fixed, then its length
shall not be less than 128 characters. If the length of the subject data type is variable, then its
maximum length shall not be less than 128 characters.

c) If CURRENT_PATH is specified, then the subject data type shall be character string with
character set SQL_IDENTIFIER. If the length of the subject data type is fixed, then its length
shall not be less than 1031 characters. If the length of the subject data type is variable, then
its maximum length shall not be less than 1031 characters.

d) If <datetime value function> is specified, then the subject data type shall be datetimewith the
same declared datetime data type of the <datetime value function>.

e) If <empty specification> is specified, then the subject data type shall be a collection type or a
distinct type whose source type is a collection type. If the <empty specification> specifies
ARRAY, then the subject data type shall be an array type or a distinct type whose source type
is an array type. If the <empty specification> specifies MULTISET, then the subject data type
shall be a multiset type or a distinct type whose source type is a multiset type.

Access Rules

None.

General Rules

1) The default value inserted in the column descriptor, if the <default clause> is to apply to a column,
or in the domain descriptor, if the <default clause> is to apply to a domain, or in the attribute
descriptor, if the <default clause> is to apply to an attribute, is the <default option>.

2) The value specified by a <default option> is

Case:
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a) If the <default option> contains a <literal>, then

Case:

i) If the subject data type is numeric, then the numeric value of the <literal>.

ii) If the subject data type is variable-length character string, then the value of the <literal>.

iii) If the subject data type is fixed-length character string, then the value of the <literal>,
extended as necessary on the right with <space>s to the length in characters of the
subject data type.

iv) If the subject data type is fixed-length binary string, then the value of the <literal>,
extended as necessary to the rightwith X'00's to the length in octets of the subject data
type.

v) If the subject data type is variable-length binary string, then the value of the <literal>.

vi) If the subject data type is datetime or interval, then the value of the <literal>.

vii) If the subject data type is Boolean, then the value of the <literal>.

b) If the <default option> specifies CURRENT_USER, CURRENT_ROLE, SESSION_USER, SYS-
TEM_USER, CURRENT_CATALOG, CURRENT_SCHEMA, or CURRENT_PATH, then

Case:

i) If the subject data type is variable-length character string, then the value obtained by
an evaluation of CURRENT_USER, CURRENT_ROLE, SESSION_USER, SYSTEM_USER,
CURRENT_CATALOG, CURRENT_SCHEMA, or CURRENT_PATH at the time that the
default value is required.

ii) If the subject data type is fixed-length character string, then the value obtained by an
evaluation of CURRENT_USER, CURRENT_ROLE, SESSION_USER, SYSTEM_USER, CUR-
RENT_CATALOG, CURRENT_SCHEMA, or CURRENT_PATH at the time that the default
value is required, extended as necessary on the right with <space>s to the length in
characters of the subject data type.

c) If the <default option> contains a <datetime value function>, then the value of an evaluation
of the <datetime value function>.

d) If the <default option> specifies <empty specification>, then an empty collection.

3) When a site S is set to its default value,

Case:

a) If the descriptor of S indicates that it represents a column of which some underlying column
is an identity column, a generated column, a system-time period start column, or a system-
time period end column, then S is marked as unassigned.

NOTE 546—The notion of a site being unassigned is only for definitional purposes in this document. It is not
a state that can persist so as to be visible in SQL-data. The treatment of unassigned sites is given in
Subclause 15.11, “Effect of inserting tables into base tables”, and Subclause 15.14, “Effect of replacing rows
in base tables”.

b) If the descriptor of S includes a <default option>, then S is set to the value specified by that
<default option>.

c) If the descriptor of S includes a <domain name> that identifies a domain descriptor that
includes a <default option>, then S is set to the value specified by that <default option>.
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d) If the default value is for a columnC of a candidate row for insertion into or update of a derived
table DT and C has a single counterpart column CC in a leaf generally underlying table of DT,
then S is set to the default value of CC, which is obtained by applying the General Rules of this
Subclause.

e) Otherwise, S is set to the null value.
NOTE 547— If <default option> specifies CURRENT_USER, CURRENT_ROLE, SESSION_USER, SYSTEM_USER, CUR-
RENT_CATALOG, CURRENT_SCHEMA, or CURRENT_PATH, then the “value in the column descriptor” will effectively
be the text of the <default option>, whose evaluation occurs at the time that the default value is required.

4) If the <default clause> is contained in an <SQL schema statement> and character representation of
the <default option> cannot be represented in the Information Schema without truncation, then a
completion condition is raised:warning— default value too long for information schema (0100B).

NOTE 548— The Information Schema is defined in ISO/IEC 9075-11.

Conformance Rules

1) Without Feature S071, “SQL paths in function and type name resolution”, conforming SQL language
shall not contain a <default option> that contains CURRENT_PATH.

2) Without Feature F321, “User authorization”, conforming SQL language shall not contain a <default
option> that contains CURRENT_USER, SESSION_USER, or SYSTEM_USER.

NOTE 549—Although CURRENT_USER and USER are semantically the same, without Feature F321, “User authoriz-
ation”, CURRENT_USER must be specified as USER.

3) Without Feature T332, “Extended roles”, conforming SQL language shall not contain a <default
option> that contains CURRENT_ROLE.

4) Without Feature F762, “CURRENT_CATALOG”, conforming SQL language shall not contain a <default
option> that contains CURRENT_CATALOG.

5) Without Feature F763, “CURRENT_SCHEMA”, conforming SQL language shall not contain a <default
option> that contains CURRENT_SCHEMA.
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11.6 <table constraint definition>

Function

Specify an integrity constraint.

Format
<table constraint definition> ::=
[ <constraint name definition> ] <table constraint>
    [ <constraint characteristics> ]

<table constraint> ::=
<unique constraint definition>

| <referential constraint definition>
| <check constraint definition>

Syntax Rules

1) If <constraint characteristics> is not specified, then INITIALLY IMMEDIATE NOT DEFERRABLE
ENFORCED is implicit.

2) If <constraint name definition> is specified and its <constraint name> contains a <schema name>,
then that <schemaname> shall be equivalent to the explicit or implicit <schemaname>of the<table
name> of the table identified by the containing <table definition> or <alter table statement>.

3) If <constraint name definition> is not specified, then a <constraint name definition> that contains
an implementation-dependent (UV100) <constraint name> is implicit. The assigned <constraint
name> shall obey the Syntax Rules of an explicit <constraint name>.

4) Let S be the schema identified by the explicit or implicit <schema name> of the <constraint name>.
S shall not include a constraint descriptor whose constraint name is <constraint name>.

5) If <unique constraint definition> is specified, then <constraint characteristics> shall not specify a
<constraint enforcement>.

Access Rules

None.

General Rules

1) A <table constraint definition> defines a table constraint.

2) A table constraint descriptor is created that describes the table constraint being defined. The table
constraint descriptor includes:

a) The <constraint name> contained in the explicit or implicit <constraint name definition>.

b) An indication of whether the constraint is deferrable or not deferrable.

c) An indicationofwhether the initial constraintmodeof the constraint is deferred or immediate.

d) An indication of whether the constraint is enforced or not enforced.
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e) The applicable <search condition>as specified in theGeneral Rules applicable to theparticular
kind of <table constraint> contained in the <table constraint definition>, and all additional
contents specified by those General Rules.

Conformance Rules

None.
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11.7 <unique constraint definition>
This Subclause is modified by Subclause 10.4, “<unique constraint definition>”, in ISO/IEC 9075-9.

Function

Specify a uniqueness constraint for a table.

Format
<unique constraint definition> ::=

<unique specification> [ <unique null treatment>
    ] <left paren> <unique column list> [ <comma> <without overlap specification> ]
<right paren>

| UNIQUE <left paren> VALUE <right paren>

<unique specification> ::=
UNIQUE

| PRIMARY KEY

<unique column list> ::=
<column name list>

<without overlap specification> ::=
<application time period name> WITHOUT OVERLAPS

Syntax Rules

1) 09Each column identified by a <column name>in the <unique column list> is an operand of a
grouping operation. The Syntax Rules and Conformance Rules of Subclause 9.12, “Grouping opera-
tions”, apply.

2) Let T be the table identified by the containing <table definition> or <alter table statement>. Let TN
be the <table name> of T.

3) If <without overlap specification> is specified, then:

a) Let ATPN be the <application time period name> contained in the <without overlap specifica-
tion>.

b) The table descriptor of T shall include an ATPN period descriptor.

4) Case:

a) If T is a system-versioned table, then let TNN be

TN FOR SYSTEM_TIME AS OF CURRENT_TIMESTAMP

b) Otherwise, let TNN be TN.

5) If <unique null treatment> is specified, then <unique specification> shall not be PRIMARY KEY. If
<unique null treatment> is not specified, then an implementation-defined (ID106) <unique null
treatment> is implicit. Let UNT be the implicit or explicit <unique null treatment>.

6) If <unique column list> UCL is specified, then:

a) Each <column name> in the <unique column list> shall identify a column of T, and the same
column shall not be identified more than once.
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b) If the descriptor of T includes a system-time period descriptor, then UCL shall not include a
system-time period start column of T or a system-time period end column of T.

c) The set of columns in the <unique column list> shall be distinct from the unique columns of
every other unique constraint descriptor that is included in the base table descriptor of T.

d) Case:

i) If <without overlap specification> is specified, then let STARTCOL be the ATPN period
start columnofT, letENDCOLbe theATPNperiod end columnofT, letDTbe thedeclared
type of STARTCOL, and let SC1 be the <search condition>:

UNIQUE UNT ( SELECT UCL, TIMEPOINT FROM TNN AS Y,
UNNEST(EXPAND(STARTCOL, ENDCOL)) AS X(TIMEPOINT))

where EXPAND is the <routine name> of an SQL-invoked function that returns a value
of SET(DT) type consisting of all values ofDT that are greater than or equal to the value
of STARTCOL and less than the value of ENDCOL, and TIMEPOINT is an <identifier> not
equivalent to the <column name> of any column of T.

NOTE 550— The use of the SQL-invoked function invocation above is only for definitional purposes
in this document.

ii) Otherwise, let SC1 be the <search condition>:

UNIQUE UNT ( SELECT UCL
FROM TNN )

e) Case:

i) If the <unique specification> specifies PRIMARY KEY, then let SC be the <search condi-
tion>:

SC1
AND

( SELECT EVERY ( UCL IS NOT NULL )
FROM TNN )

NOTE 551— The second operand of AND in this expression is a <scalar subquery> of declared type
BOOLEAN.

ii) Otherwise, let SC be SC1.

7) If UNIQUE (VALUE) is specified, then let SC be the <search condition>:

UNIQUE UNT ( SELECT TNN.* FROM TNN )

8) If the <unique specification> specifies PRIMARY KEY, then for each column descriptor identified
by a <column name> in the explicit or implicit <unique column list> for which the nullability char-
acteristic is not known not nullable, the nullability characteristic of the column descriptor is set to
known not nullable.

9) A <table definition> shall specify atmost one implicit or explicit <unique constraint definition> that
specifies PRIMARY KEY.

10) If a <unique constraint definition> that specifies PRIMARY KEY is contained in an <add table con-
straint definition>, then the table identified by the <table name> immediately contained in the
containing <alter table statement> shall not have a unique constraint thatwas defined by a <unique
constraint definition> that specified PRIMARY KEY.

868 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
11.7 <unique constraint definition>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


Access Rules

None.

General Rules

1) A <unique constraint definition> defines a unique constraint.

2) The applicable <search condition> included in the table constraint descriptor created as a result of
execution of the containing <table constraint definition> is SC. This descriptor additionally includes:

a) The <unique specification>, indicating whether the constraint is defined with PRIMARY KEY
or UNIQUE.

b) The names of the unique columns specified in the <unique column list>.

c) If <without overlap specification> is specified, then ATPN.

d) The explicit or implicit <unique null treatment>.

3) The unique constraint is not satisfied if and only if

EXISTS ( SELECT * FROM TNN WHERE NOT ( SC ) )

is True.

Conformance Rules

1) Without Feature S291, “Unique constraint on entire row”, conforming SQL language shall not contain
UNIQUE(VALUE).

2) Without FeatureT591, “UNIQUEconstraints of possibly null columns”, in conforming SQL language,
if UNIQUE is specified, then the <column definition> for each column whose <column name> is
contained in the <unique column list> shall contain NOT NULL.

NOTE 552— The Conformance Rules of Subclause 9.12, “Grouping operations”, also apply.

3) Without Feature T181, “Application-timeperiod tables”, conforming SQL language shall not contain
<without overlap specification>.

4) Without Feature F292, “UNIQUE null treatment”, conforming SQL language shall not contain an
explicit <unique null treatment>.
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11.8 <referential constraint definition>

Function

Specify a referential constraint.

Format
<referential constraint definition> ::=
FOREIGN KEY <left paren> <referencing column list>
    [ <comma> <referencing period specification> ] <right paren>

<references specification>

<references specification> ::=
REFERENCES <referenced table and columns>
    [ MATCH <match type> ] [ <referential triggered action> ]

<match type> ::=
FULL

| PARTIAL
| SIMPLE

<referencing column list> ::=
<column name list>

<referencing period specification> ::=
PERIOD <application time period name>

<referenced table and columns> ::=
<table name> [ <left paren> <referenced column list>
    [ <comma> <referenced period specification> ] <right paren> ]

<referenced column list> ::=
<column name list>

<referenced period specification> ::=
PERIOD <application time period name>

<referential triggered action> ::=
<update rule> [ <delete rule> ]

| <delete rule> [ <update rule> ]

<update rule> ::=
ON UPDATE <referential action>

<delete rule> ::=
ON DELETE <referential action>

<referential action> ::=
CASCADE

| SET NULL
| SET DEFAULT
| RESTRICT
| NO ACTION

Syntax Rules

1) If <match type> is not specified, then SIMPLE is implicit.

2) If <referencing period specification> is specified, then:
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<referenced table and columns> shall immediately contain a <referenced column list> and a
<referenced period specification>.

a)

b) <referential action> shall not specify CASCADE, SET NULL, or SET DEFAULT.

3) Let referencing table be the table identified by the containing <table definition> or <alter table
statement>. Let referenced tablebe the table identifiedby the <table name> in the <referenced table
and columns>. Let referencing columns be the column or columns identified by the <referencing
column list> and let referencing column be one such column.

4) Case:

a) If the <referenced table and columns> specifies a <referenced column list>, then there shall
be a one-to-one correspondence between the set of <column name>s contained in that <ref-
erenced column list> and the set of <column name>s contained in the <unique column list>
of a unique constraint of the referenced table such that corresponding <column name>s are
equivalent. Let referenced columns be the column or columns identified by that <referenced
column list> and let referenced column be one such column. Each referenced column shall
identify a column of the referenced table and the same column shall not be identified more
than once.

b) Otherwise, the table descriptor of the referenced table shall include a unique constraint UC
that specifies PRIMARY KEY. The table constraint descriptor of UC shall not include an
application time period name. Let referenced columns be the column or columns identified by
the unique columns in that unique constraint and let referenced column be one such column.
The <referenced table and columns> shall be considered to implicitly specify a <referenced
column list> that is identical to that <unique column list>.

5) The table constraint descriptordescribing the<unique constraint definition>whose<unique column
list> identifies the referenced columns shall indicate that the unique constraint is not deferrable.

6) The referenced table shall be a base table.

Case:

a) If the referencing table is a persistent base table, then the referenced table shall be a persistent
base table.

b) If the referencing table is a global temporary table, then the referenced table shall be a global
temporary table.

c) If the referencing table is a created local temporary table, then the referenced table shall be
either a global temporary table or a created local temporary table.

d) If the referencing table is a declared local temporary table, then the referenced table shall be
either a global temporary table, a created local temporary table or a declared local temporary
table.

7) If the referenced table is a temporary table with ON COMMIT DELETE ROWS specified, then the
referencing table shall specify ON COMMIT DELETE ROWS.

8) Each referencing column shall identify a columnof the referencing table, and the same column shall
not be identified more than once.

9) Each referencing column and its corresponding referenced column are operands of a grouping
operation. The Syntax Rules and Conformance Rules of Subclause 9.12, “Grouping operations”,
apply.

10) If the table descriptor of the referencing table includes a system-time period descriptor, then none
of the referencing columns shall identify a system-time period start column of the referencing table
or a system-time period end column of the referencing table.
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11) The<referencing column list> shall contain the samenumber of <columnname>s as the<referenced
column list>. The i-th column identified in the <referencing column list> corresponds to the i-th
column identified in the <referenced column list>. The declared type of each referencing column
shall be comparable to the declared type of the corresponding referenced column. There shall not
be corresponding constituents of the declared type of a referencing column and the declared type
of the corresponding referenced column such that one constituent is datetime with time zone and
the other is datetime without time zone.

12) If a <referential constraint definition> does not specify any <update rule>, then an <update rule>
with a <referential action> of NO ACTION is implicit.

13) If a <referential constraint definition> does not specify any <delete rule>, then a <delete rule>with
a <referential action> of NO ACTION is implicit.

14) If any referencing column is a generated column, then:

a) <referential action> shall not specify SET NULL or SET DEFAULT.

b) <update rule> shall not specify ON UPDATE CASCADE.

15) Let T be the referenced table. The schema identified by the explicit or implicit <schema name> of
the <table name> shall include the descriptor of T.

16) Let TN be the <table name> of T.

Case:

a) If T is a system-versioned table, then let TNN be

TN FOR SYSTEM_TIME AS OF CURRENT_TIMESTAMP

b) Otherwise, let TNN be TN.

17) Let U be the referencing table. Let UN be the <table name> of U.

Case:

a) If U is a system-versioned table, then let UNN be

UN FOR SYSTEM_TIME AS OF CURRENT_TIMESTAMP

b) Otherwise, let UNN be UN.

18) Let UCL be the <referencing column list>. Let TCL be the implicit or explicit <referenced column
list>.

a) Case:

i) If <referencing period specification> RPC is specified, then:

1) Let RPP be the <referenced period specification> immediately contained in <ref-
erenced table and columns>.

2) Let CATPN be the <application time period name> contained in RPC.

3) Let PATPN be the <application time period name> contained in RPP.

4) The table descriptor of T shall include a PATPN period descriptor.

5) The table descriptor of U shall include a CATPN period descriptor.
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6) The table constraint descriptor describing the <unique constraint definition>
whose <unique column list> identifies the referenced columns shall include
PATPN.

7) Let TSTARTCOL be the PATPN period start column of T. Let TENDCOL be the
PATPN period end column of T. Let TDT be the declared type of TSTARTCOL. Let
USTARTCOL be the CATPN period start column of U. Let UENDCOL be the CATPN
period end column of U. Let UDT be the declared type of USTARTCOL.

8) Syntax Rules of Subclause 9.30, “Data type identity”, are applied with TDT as
TYPE1 and UDT as TYPE2.

9) Let TTS be the <table subquery>

( SELECT TCL, TIMEPOINT1
FROM TNN AS Y,

UNNEST(EXPAND(TSTARTCOL, TENDCOL)) AS X(TIMEPOINT1) )

where EXPAND is the <routine name> of an SQL-invoked function that returns a
value of SET(TDT) type consisting of all values of TDT that are greater than or
equal to the value of TSTARTCOL and less than the value of TENDCOL, and
TIMEPOINT1 is an<identifier>not equivalent to the<columnname>of any column
of T.

NOTE 553— The use of the SQL-invoked function invocation above is only for definitional
purposes in this document.

10) Let UNNN be the <derived table>

( SELECT Z.*, TIMEPOINT2
FROM UNN AS Z,

UNNEST(EXPAND(USTARTCOL, UENDCOL)) AS X(TIMEPOINT2)
) AS Y

where EXPAND is the <routine name> of an SQL-invoked function that returns a
value of SET(UDT) type consisting of all values of UDT that are greater than or
equal to the value of USTARTCOL and less than the value of UENDCOL, and
TIMEPOINT2 is an<identifier>not equivalent to the<columnname>of any column
of U.

NOTE 554— The use of the SQL-invoked function invocation above is only for definitional
purposes in this document.

11) Let UCLL be the <column name list>

UCL, TIMEPOINT2

ii) Otherwise:

1) Let TTS be the <table subquery>

( SELECT TCL FROM TNN )

2) Let UNNN be the <derived table>

( SELECT Z.* FROM UNN AS Z) AS Y

3) Let UCLL be the <column name list>

UCL

b) LetMP be
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Case:

i) If SIMPLE is specified or implicit, then

UCLL MATCH SIMPLE TTS

ii) If PARTIAL is specified or implicit, then

UCLL MATCH PARTIAL TTS

iii) If FULL is specified or implicit, then

UCLL MATCH FULL TTS

c) Let SC be

( SELECT EVERY ( MP )
FROM UNNN )

NOTE 555— This is a <scalar subquery> of declared type BOOLEAN.

Access Rules

1) The applicable privileges for the owner ofT shall includeREFERENCES for each referenced column.

General Rules

1) A <referential constraint definition> defines a referential constraint.

2) The applicable <search condition> included in the table constraint descriptor created as a result of
executing the containing <table constraint definition> is SC. This descriptor additionally includes:

a) A list of the names of the referencing columns specified in the <referencing column list>, in
an implementation-defined (IS001) order.

b) The name of the referenced table specified in the <referenced table and columns>.

c) A list of the names of the referenced columns specified in the <referenced table and columns>,
ordered such that each element is in the sameposition as that of its corresponding referencing
column name in the list of names of referencing columns.

d) If <referencing period specification> is specified, then CATPN as name of the referencing
period.

e) If <referencedperiod specification> is specified, thenPATPN asnameof the referencedperiod.

f) The explicit or implicit <match type>.

g) The <referential triggered action>, comprising the explicit or implicit <delete rule> and the
explicit or implicit <update rule>.

Conformance Rules

1) Without Feature T191, “Referential action RESTRICT ”, conforming SQL language shall not contain
a <referential action> that contains RESTRICT.

2) Without Feature F741, “Referential MATCH types”, conforming SQL language shall not contain a
<references specification> that contains MATCH.
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3) Without Feature F191, “Referential delete actions”, conforming SQL language shall not contain a
<delete rule>.

4) Without Feature F701, “Referential update actions”, conforming SQL language shall not contain an
<update rule>.

5) Without FeatureT201, “Comparabledata types for referential constraints”, conformingSQL language
shall not contain a <referencing column list> in which the data type of each referencing column is
not the same as the data type of the corresponding referenced column.

NOTE 556— The Conformance Rules of Subclause 9.12, “Grouping operations”, also apply.

6) Without Feature T181, “Application-timeperiod tables”, conforming SQL language shall not contain
a <referencing period specification>.

7) Without Feature T181, “Application-timeperiod tables”, conforming SQL language shall not contain
a <referenced period specification>.
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11.9 <check constraint definition>
This Subclause is modified by Subclause 10.6, “<check constraint definition>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 10.5, “<check constraint definition>”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 12.2, “<check constraint definition>”, in ISO/IEC 9075-14.

Function

Specify a condition for the SQL-data.

Format
14 <check constraint definition> ::=
CHECK <left paren> <search condition> <right paren>

Syntax Rules

1) 04The <search condition> shall not contain a <host parameter specification>, an <SQL parameter
reference>, a <dynamic parameter specification>, an <embedded variable specification>, or a
<column reference> that references a system-time period start column or a system-time period
end column.

2) The <search condition> shall not contain a <set function specification> that is not contained in a
<query expression>.

3) If <check constraint definition> is contained in a <table definition> or <alter table statement>, then
let T be the table identified by the containing <table definition> or <alter table statement>.

Case:

a) If T is a persistent base table, or if the <check constraint definition> is contained in a <domain
definition> or <alter domain statement>, then no <table reference> generally contained in
the <search condition> shall reference a temporary table.

b) If T is a global temporary table, then no <table reference> generally contained in the <search
condition> shall reference a table other than a global temporary table.

c) If T is a created local temporary table, then no <table reference> generally contained in the
<search condition> shall reference a table other than either a global temporary table or a
created local temporary table.

d) If T is a declared local temporary table, then no <table reference> generally contained in the
<search condition> shall reference a persistent base table.

4) If the <check constraint definition> is contained in a <table definition> that defines a temporary
table and specifies ONCOMMIT PRESERVEROWSor a <temporary table declaration> that specifies
ON COMMIT PRESERVE ROWS, then the <search condition> shall not contain a reference to a tem-
porary table defined by a <table definition> or a <temporary table declaration> that specifies ON
COMMIT DELETE ROWS.

5) The <boolean value expression> that is simply contained in the <search condition> shall be retro-
spectively deterministic.

NOTE 557— “retrospectively deterministic” is defined in Subclause 6.46, “<boolean value expression>”.

6) The <search condition> shall not generally contain a <routine invocation> whose subject routine
is an SQL-invoked routine that possibly modifies SQL-data.
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7) The <search condition> shall not generally contain a <routine invocation> whose subject routine
is an external routine that possibly reads SQL-data.

8) Let TN be the <table name> of T.

Case:

a) If T is a system-versioned table, then let TNN be

TN FOR SYSTEM_TIME AS OF CURRENT_TIMESTAMP

b) Otherwise, let TNN be TN.

9) 09 14Let SCC be the <search condition> immediately contained in the <check constraint definition>.
Let SC be

( SELECT EVERY ( SCC )
FROM TNN )

NOTE 558— This is a <scalar subquery> of declared type BOOLEAN.

Access Rules

None.

General Rules

1) A <check constraint definition> defines a check constraint.

2) If the character representation of the <search condition> cannot be represented in the Information
Schema without truncation, then a completion condition is raised:warning— search condition too
long for information schema (01009).

NOTE 559— The Information Schema is defined in ISO/IEC 9075-11.

3) The applicable <search condition> included in the table constraint descriptor created as a result of
executing the containing <table constraint definition> is SC.

Conformance Rules

1) Without Feature F671, “Subqueries in CHECK constraints”, conforming SQL language shall not
contain a <search condition> contained in a <check constraint definition> that contains a <query
expression>.

2) Without Feature F672, “Retrospective CHECK constraints”, conforming SQL language shall not
contain a <check constraint definition> that contains a potential source of non-determinism.

3) 14Without Feature F673, “Reads SQL-data routine invocations in CHECK constraints”, conforming
SQL language shall not contain a <check constraint definition> that contains a <search condition>
that generally contains a <routine invocation>whose subject routine is an SQL routine that possibly
reads SQL-data.
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11.10 <alter table statement>

Function

Change the definition of a table.

Format
<alter table statement> ::=
ALTER TABLE <table name> <alter table action>

<alter table action> ::=
<add column definition>

| <alter column definition>
| <drop column definition>
| <add table constraint definition>
| <alter table constraint definition>
| <drop table constraint definition>
| <add table period definition>
| <drop table period definition>
| <add system versioning clause>
| <drop system versioning clause>

Syntax Rules

1) Let T be the table identified by the <table name>.

2) The schema identified by the explicit or implicit <schema name> of the <table name> shall include
the descriptor of T.

3) The scope of the <table name> is the entire <alter table statement>.

4) T shall be a base table.

5) T shall not be a declared local temporary table.

Access Rules

1) The enabled authorization identifiers shall include the <authorization identifier> that owns the
schema identified by the <schema name> of the table identified by <table name>.

General Rules

1) The base table descriptor of T is modified as specified by <alter table action>.

2) If <add column definition> or <drop column definition> is specified, then the row type RT of T is
the set of pairs (<field name>, <data type>) where <field name> is the name of a column C of T and
<data type> is the declared type of C. This set of pairs contains one pair for each column of T in the
order of their ordinal position in T.

Conformance Rules

None.

878 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
11.10 <alter table statement>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


11.11 <add column definition>

Function

Add a column to a table.

Format
<add column definition> ::=
ADD [ COLUMN ] <column definition>

Syntax Rules

1) Let T be the table identified by the <table name> immediately contained in the containing <alter
table statement>.

2) T shall not be a referenceable table or a system-versioned table.

3) If <columndefinition> contains <identity column specification>, then the table descriptor ofT shall
not include a column descriptor of an identity column.

4) If the table descriptor of T contains a period descriptor whose period name is ATPN, then the
<columnname> immediately contained in the <columndefinition> shall not be equivalent toATPN.

Access Rules

None.

General Rules

1) The column defined by the <column definition> is added to T.

2) Let C be the column added to T.

Case:

a) If C is a generated column, then let TN be the <table name> immediately contained in the
containing <alter table statement>, let CN be the <column name> immediately contained in
<columndefinition>, and letGEbe the generation expression included in the columndescriptor
of C. The following <update statement: searched> is executed without further Syntax Rule or
Access Rule checking:

UPDATE TN SET CN = GE

b) Otherwise, C is a base column.

Case:

i) If C is an identity column, then, for each row in T, let CS be the site corresponding to C.
The General Rules of Subclause 9.35, “Generation of the next value of a sequence gen-
erator”, are applied with the sequence generator descriptor included in the column
descriptor of C as SEQUENCE; let NV be the RESULT returned from the application of
those General Rules.

Case:
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1) If the declared type of C is a distinct type DIST, then let CNV be DIST(NV).

2) Otherwise, let CNV be NV.

The General Rules of Subclause 9.2, “Store assignment”, are appliedwith CS as TARGET
and CNV as VALUE

ii) Otherwise, every value in C is the default value for C.
NOTE 560— The default value of a column is defined in Subclause 11.5, “<default clause>”.

NOTE 561—The addition of a column to a table has no effect on any existing <query expression> included in a view
descriptor, <triggered action> included in a trigger descriptor, or <search condition> included in a constraint
descriptor because any implicit column references in these descriptor elements are syntactically substituted by
explicit column references under the Syntax Rules of Subclause 7.16, “<query specification>”. Furthermore, by
implication (from the lack of any General Rules to the contrary), the meaning of a column reference is never retro-
actively changedby the addition of a column subsequent to the invocation of the <SQL schema statement> containing
that column reference.

3) For every table privilege descriptor that specifies T and a privilege of SELECT, UPDATE, INSERT or
REFERENCES, a newcolumnprivilege descriptor is created that specifiesT, the sameaction, grantor,
and grantee, and the samegrantability, and specifies the <columnname>of the <columndefinition>.

4) In all other respects, the specification of a <column definition> in an <alter table statement> has
the same effect as specification of the <column definition> in the <table definition> for Twould
have had.

NOTE 562— In particular, the degree of T is increased by 1 (one) and the ordinal position of that column is equal
to the new degree of T as specified in the General Rules of Subclause 11.4, “<column definition>”.

Conformance Rules

None.
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11.12 <alter column definition>

Function

Change a column and its definition.

Format
<alter column definition> ::=
ALTER [ COLUMN ] <column name> <alter column action>

<alter column action> ::=
<set column default clause>

| <drop column default clause>
| <set column not null clause>
| <drop column not null clause>
| <add column scope clause>
| <drop column scope clause>
| <alter column data type clause>
| <alter identity column specification>
| <drop identity property clause>
| <drop column generation expression clause>

Syntax Rules

1) Let T be the table identified in the containing <alter table statement>.

2) T shall not be a system-versioned table.

3) Let C be the column identified by the <column name>.

4) C shall be a column of T.

5) If C is the self-referencing column of T or C is a generated column of T, then <alter column action>
shall not contain <add column scope clause> or <drop column scope clause>.

6) If C is an identity column, then <alter column action> shall contain either <alter identity column
specification> or <drop identity property clause>.

7) If <alter identity column specification> or <drop identity property clause> is specified, then C shall
be an identity column.

8) If <drop column generation expression clause> is specified, then C shall be a generated column of
T.

9) If C is a generated column of T, a system-time period start column of T, or a system-time period end
column of T, then <alter column action> shall not contain <set column default clause>.

Access Rules

None.

General Rules

1) The column descriptor of C is modified as specified by <alter column action>.
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Conformance Rules

1) Without Feature F387, “ALTERTABLE statement: ALTERCOLUMNclause”, conforming SQL language
shall not contain an <alter column definition>.
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11.13 <set column default clause>

Function

Set the default clause for a column.

Format
<set column default clause> ::=
SET <default clause>

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let C be the column identified by the <column name> in the containing <alter column definition>.

2) The default value specified by the <default clause> is placed in the column descriptor of C.

Conformance Rules

1) Without Feature F387, “ALTERTABLE statement: ALTERCOLUMNclause”, conforming SQL language
shall not contain a <set column default clause>.
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11.14 <drop column default clause>

Function

Drop the default clause from a column.

Format
<drop column default clause> ::=
DROP DEFAULT

Syntax Rules

1) Let C be the column identified by the <column name> in the containing <alter column definition>.

2) The descriptor of C shall include a default value.

Access Rules

None.

General Rules

1) The default value is removed from the column descriptor of C.

Conformance Rules

1) Without Feature F387, “ALTERTABLE statement: ALTERCOLUMNclause”, conforming SQL language
shall not contain a <drop column default clause>.
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11.15 <set column not null clause>

Function

Add a not null constraint to a column.

Format
<set column not null clause> ::=
SET NOT NULL

Syntax Rules

None.

Access Rules

None.

General Rules

1) LetCbe the column identifiedby the<columnname>CN in the containing<alter columndefinition>.
If the column descriptor of C does not contain an indication that C is defined as NOT NULL, then:

a) Let TN be the <table name> in the containing <alter table statement>.

b) Let S be the schema identified by the explicit or implicit <schema name> of TN. Let IDCN be
an implementation-dependent (UV100) <constraint name> that is not equivalent to the
<constraint name> of any table constraint descriptor included in S.

c) The column descriptor of C is modified as follows:

i) An indication that C is defined as NOT NULL is added.

ii) IDCN is added as the constraint name of the associated table constraint definition.

d) The following <alter table statement> is executed without further Access Rule checking:

ALTER TABLE TN ADD CONSTRAINT IDCN CHECK ( CN IS NOT NULL )

Conformance Rules

1) Without Feature F383, “Set column not null clause”, conforming SQL language shall not contain a
<set column not null clause>.
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11.16 <drop column not null clause>

Function

Drop a not null constraint on a column.

Format
<drop column not null clause> ::=
DROP NOT NULL

Syntax Rules

1) LetCbe the column identifiedby the<columnname>CN in the containing<alter columndefinition>.
Let T be the table identified by the <table name> TN in the containing <alter table statement>.

2) C shall be neither the system-time period start column of T nor the system-time period end column
of T.

3) If the descriptor of T contains an application-time period descriptor, then let ATPN be the period
name included in that descriptor. C shall be neither the ATPN period start column of T nor the ATPN
period end column of T.

4) T shall not include a table constraint descriptor that indicates that the constraint was defined with
PRIMARY KEY and that includes CN as a name of a unique column.

Access Rules

None.

General Rules

1) If the column descriptor of C contains an indication that C is defined as NOT NULL, then:

a) Let ACN be the constraint name of the associated table constraint definition included in the
column descriptor of C.

b) The column descriptor of C is modified as follows:

i) The indication that C is defined as NOT NULL is removed.

ii) The constraint name of the associated table constraint definition is removed.

c) The following <alter table statement> is executed without further Access Rule checking:

ALTER TABLE TN DROP CONSTRAINT ACN CASCADE

Conformance Rules

1) Without Feature F383, “Set column not null clause”, conforming SQL language shall not contain a
<drop column not null clause>.
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11.17 <add column scope clause>

Function

Add a non-empty scope for an existing column of data type REF in a base table.

Format
<add column scope clause> ::=
ADD <scope clause>

Syntax Rules

1) Let C be the column identified by the <column name> in the containing <alter column definition>.
The declared type of C shall be some reference type. Let RTD be the reference type descriptor
included in the descriptor of C.

2) Let T be the table identified by the <table name> in the containing <alter table statement>. If T is a
referenceable table, then C shall be an originally-defined column of T.

3) RTD shall not include a scope.

4) Let UDTN be the name of the referenced type included in RTD.

5) The <table name> STN contained in the <scope clause> shall identify a referenceable table whose
structured type is UDTN.

Access Rules

None.

General Rules

1) STN is included as the scope in the reference type descriptor included in the column descriptor of
C.

2) For every proper subtable PST of T:

a) Let PSC be the column whose corresponding column in T is C.

b) STN is included as the scope in the reference type descriptor included in the columndescriptor
of PSC.

Conformance Rules

1) Without Feature F387, “ALTERTABLE statement: ALTERCOLUMNclause”, conforming SQL language
shall not contain an <add column scope clause>.

2) Without Feature S043, “Enhanced reference types”, conforming SQL language shall not contain an
<add column scope clause>.
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11.18 <drop column scope clause>
This Subclause is modified by Subclause 10.7, “<drop column scope clause>”, in ISO/IEC 9075-4.

Function

Drop the scope from an existing column of data type REF in a base table.

Format
<drop column scope clause> ::=
DROP SCOPE <drop behavior>

Syntax Rules

1) Let C be the column identified by the <column name> in the containing <alter column definition>.
The declared type of C shall be some reference type whose reference type descriptor includes a
scope.

2) Let T be the table identified by the <table name> in the containing <alter table statement>. If T is a
referenceable table, then C shall be an originally-defined column of T.

3) Let SC be the set of columns consisting of C and, for every proper subtable of T, the column whose
supercolumn is C.

4) An impacted dereference operation is a <dereferenceoperation>whose<reference value expression>
is a column reference that identifies a column in SC, a <method reference>whose <value expression
primary> is a column reference that identifies a column in SC, or a <reference resolution> whose
<reference value expression> is a column reference that identifies a column in SC.

5) If RESTRICT is specified, then no impacted dereference operation shall be contained in any of the
following:

a) The SQL routine body of any routine descriptor.

b) The original <query expression> of any view descriptor.

c) The <search condition> of any constraint descriptor.

d) 04The triggered action of any trigger descriptor.
NOTE 563— If CASCADE is specified, then such referencing objects will be dropped implicitly by the <revoke
statement> and/or explicitly by the SQL-schema manipulation statements specified in the General Rules of this
Subclause.

Access Rules

None.

General Rules

1) 04 For every SQL-invoked routine Rwhose routine descriptor includes an SQL routine body that
contains an impacted dereference operation, let SNbe the <specific name>ofR. The following <drop
routine statement> is effectively executed for every Rwithout further Access Rule checking:

DROP SPECIFIC ROUTINE SN CASCADE
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2) For every view Vwhose view descriptor includes an original <query expression> that contains an
impacted dereference operation, let VN be the <table name> of V. The following <drop view state-
ment> is effectively executed for every Vwithout further Access Rule checking:

DROP VIEW VN CASCADE

3) For every assertion Awhose assertion descriptor includes a <search condition> that contains an
impacteddereferenceoperation, letANbe the<constraint name>ofA. The following<drop assertion
statement> is effectively executed for every Awithout further Access Rule checking:

DROP ASSERTION AN CASCADE

4) 04 For every table check constraint CCwhose table check constraint descriptor includes a <search
condition> that contains an impacted dereference operation, let CN be the <constraint name> of
CC and let TN be the <table name> of the table whose descriptor includes descriptor of CC. The fol-
lowing <alter table statement> is effectively executed for every CCwithout further Access Rule
checking:

ALTER TABLE TN DROP CONSTRAINT CN CASCADE

5) The scope included in the reference type descriptor included in the column descriptor of every
column in SC is made empty.

Conformance Rules

1) Without Feature F387, “ALTERTABLE statement: ALTERCOLUMNclause”, conforming SQL language
shall not contain a <drop column scope clause>.

2) Without Feature S043, “Enhanced reference types”, conforming SQL language shall not contain a
<drop column scope clause>.
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11.19 <alter column data type clause>
This Subclause is modified by Subclause 10.6, “<alter column data type clause>”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 12.3, “<alter column data type clause>”, in ISO/IEC 9075-14.

Function

Change the declared type of a column.

Format
<alter column data type clause> ::=
SET DATA TYPE <data type>

Syntax Rules

1) Let C be the column identified by the <column name> in the containing <alter column definition>.

2) Let T be the table identified by the <table name> in the containing <alter table statement>.

3) C shall not be the self-referencing column of T.

4) If the table descriptor of T includes a system-time period descriptor, then C shall not be the system-
time period start column or the system-time period end column of T.

5) If the table descriptor of T includes a period descriptor that contains ATPN as its period name, then
C shall not be the ATPN period start column of T or the ATPN period end column of T.

6) C shall not be referenced in the <search condition> of any constraint descriptor other than a table
constraint descriptor that contains references to no other column than C and that is included in the
table descriptor of T.

7) C shall not be referenced in either an explicit trigger column list or a triggered action column set
of any trigger descriptor.

8) C shall not be referenced in the SQL routine body of any routine descriptor.

9) C shall not be referenced in the original <query expression> of any view descriptor.

10) C shall not be referenced in the generation expression of any column descriptor.

11) Let DTC be the declared type of C.

12) Case:

a) If <data type> contains <character string type> CST, then:

i) Case:

1) If <data type> contains <character set specification>, then let CSS be that <char-
acter set specification>.

2) Otherwise, let CSS be a <character set specification> that identifies the character
set of DTC.

ii) Case:

1) If <data type> contains <collation name>, then let COLLbe that <collation name>.
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2) Otherwise, let COLL be a <collation name> that identifies the collation of DTC.

iii) Let D be the data type specified by

CST CHARACTER SET CSS COLLATION COLL

b) If <data type> contains <national character string type> NCST, then:

i) Case:

1) If <data type> contains <collation name>, then let COLLbe that <collation name>.

2) Otherwise, let COLL be a <collation name> that identifies the collation of DTC.

ii) Let D be the data type specified by

NCST COLLATION COLL

c) Otherwise, let D be the data type specified by <data type>.

13) D shall be a predefined type.

14) DTC shall be a predefined type.

15) 09Case:

a) If DTC is a character string type, then:

i) D shall be a character string type.

ii) Let LD be the length or maximum length of D.

iii) Let LDTC be the length or maximum length of DTC.

iv) LD shall be greater than or equal to LDTC.

v) The character set and collation of D shall be the character set and collation of DTC.

b) If DTC is a binary string type, then:

i) D shall be a binary string type.

ii) Let LD be the length or maximum length of D.

iii) Let LDTC be the length or maximum length of DTC.

iv) LD shall be greater than or equal to LDTC.

c) If DTC is an exact numeric type, then:

i) D shall be an exact numeric type.

ii) Let PD and SD be the precision and scale, respectively, of D.

iii) Let PDTC and SDTC be the precision and scale, respectively, of DTC.

iv) PD shall be greater than or equal to PDTC.

v) SD shall be greater than or equal to SDTC.

vi) (PD − SD) shall be greater than or equal to (PDTC − SDTC).

d) If DTC is an approximate numeric type, then:

i) D shall be an approximate numeric type.

© ISO/IEC 2023 – All rights reserved 891

ISO/IEC 9075-2:2023(E)
11.19 <alter column data type clause>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


ii) Let PD be the precision of D.

iii) Let PDTC be the precision of DTC.

iv) PD shall be greater than or equal to PDTC.

e) If DTC is DATE, then D shall be DATE.

f) If DTC is a time type with time zone or a time type without time zone, then D shall be a time
type with time zone or a time type without time zone, respectively.

i) Let PD be the value of the <time fractional seconds precision> of D.

ii) Let PDTC be the value of the <time fractional seconds precision> of DTC.

iii) PD shall be greater than or equal to PDTC.

g) IfDTC is a timestamp typewith time zone or a timestamp typewithout time zone, thenD shall
be a timestamp type with time zone or a timestamp type without time zone, respectively.

i) Let PD be the value of the <time fractional seconds precision> of D.

ii) Let PDTC be the value of the <time fractional seconds precision> of DTC.

iii) PD shall be greater than or equal to PDTC.

h) If DTC is a year-month interval type, then D shall be a year-month interval type.

i) IfDTC specifies <start field> and <endfield>, thenD shall specify the same<start field>
and <end field>.

ii) If DTC specifies <single datetime field>, then D shall specify the same <single datetime
field>.

iii) The explicit or implicit <interval leading field precision> of D shall be greater than or
equal to the explicit or implicit <interval leading field precision> of DTC.

i) If DTC is a day-time interval type, then D shall be a day-time interval type.

i) IfDTC specifies <start field> and <endfield>, thenD shall specify the same<start field>
and <end field>.

ii) If DTC specifies <single datetime field>, then D shall specify the same <single datetime
field>.

iii) The explicit or implicit <interval leading field precision> of D shall be greater than or
equal to the explicit or implicit <interval leading field precision> of DTC.

iv) If DTC specifies an explicit or implicit <interval fractional seconds precision> PDTC,
then D shall specify an explicit or implicit <interval fractional seconds precision> that
is greater than or equal to PDTC.

j) 14 If DTC is BOOLEAN, then D shall be BOOLEAN.

k) Otherwise, D shall be DTC.

Access Rules

None.
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General Rules

1) The column descriptor of C is modified by replacing the existing data type descriptor with a data
type descriptor describing D.

Conformance Rules

1) 14Without Feature F382, “Alter column data type”, conforming SQL language shall not contain an
<alter column data type clause>.
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11.20 <alter identity column specification>

Function

Change the options specified for an identity column.

Format
<alter identity column specification> ::=

<set identity column generation clause> [ <alter identity column option>... ]
| <alter identity column option>...

<set identity column generation clause> ::=
SET GENERATED { ALWAYS | BY DEFAULT }

<alter identity column option> ::=
<alter sequence generator restart option>

| SET <basic sequence generator option>

Syntax Rules

1) If at least one instance of <alter identity column option> is specified, then:

a) Let SEQ be the sequence generator descriptor included in the column descriptor identified
by the <column name> in the containing <alter column definition>.

b) LetOPT be the character string obtained by concatenating all <alter identity column option>s
while each instance of the keyword SET is replaced with a single space character such that
OPT conforms to the Format of <alter sequence generator options>.

c) The Syntax Rules of Subclause 9.37, “Altering a sequence generator”, are applied with OPT as
OPTIONS and SEQ as SEQUENCE.

Access Rules

None.

General Rules

1) If at least one <alter identity column option> is specified, then the General Rules of Subclause 9.37,
“Altering a sequence generator”, are applied with OPT as OPTIONS and SEQ as SEQUENCE.

2) If <set identity column generation clause> is specified, then:

a) Let C be the column identified by the <column name> in the containing <alter column defini-
tion>.

b) Case:

i) If ALWAYS is specified, then the column descriptor of C is modified to indicate that
values are always generated.

ii) If BY DEFAULT is specified, then the column descriptor of C is modified to indicate that
values are generated by default.
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Conformance Rules

1) Without FeatureT174, “Identity columns”, in conforming SQL language, an<alter columndefinition>
shall not contain an <alter identity column specification>.

2) Without Feature T178, “Identity columns: simple restart option”, in conforming SQL language, an
<alter sequence generator restart option> contained in an <alter identity column specification>
shall contain a <sequence generator restart value>.

3) Without Feature F386, “Set identity column generation clause”, conforming SQL language shall not
contain a <set identity column generation clause>.
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11.21 <drop identity property clause>

Function

Convert an identity column to a column that is not an identity column.

Format
<drop identity property clause> ::=
DROP IDENTITY

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let C be the column identified by the <column name> in the containing <alter column definition>.

2) The column descriptor of C is modified as follows:

a) The indication that C is an identity column is removed.

b) The indication that values are always generated, if any, is removed.

c) The indication that values are generated by default, if any, is removed.

d) The sequence generator SG included in the column descriptor of C is removed.

3) SG is destroyed.

Conformance Rules

1) Without Feature F384, “Drop identity property clause”, conforming SQL language shall not contain
a <drop identity property clause>.
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11.22 <drop column generation expression clause>

Function

Convert a generated column to a column that is not a generated column.

Format
<drop column generation expression clause> ::=
DROP EXPRESSION

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let C be the column identified by the <column name> in the containing <alter column definition>.

2) The column descriptor of C is modified as follows:

a) The generation expression of C is removed.

b) The indication that values are “ALWAYS” generated is removed.

c) An indication is added that the column is “NEVER” generated.

Conformance Rules

1) Without FeatureF385, “Drop columngeneration expression clause”, conformingSQL language shall
not contain a <drop column generation expression clause>.
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11.23 <drop column definition>
This Subclause is modified by Subclause 10.8, “<drop column definition>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 10.7, “<drop column definition>”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 11.4, “<drop column definition>”, in ISO/IEC 9075-16.

Function

Destroy a column of a base table.

Format
<drop column definition> ::=
DROP [ COLUMN ] <column name> <drop behavior>

Syntax Rules

1) Let T be the table identified by the <table name> in the containing <alter table statement> and let
TN be the name of T.

2) Let C be the column identified by the <column name> CN.

3) T shall not be a referenceable table or a system-versioned table.

4) C shall be a column of T and C shall not be the only column of T.

5) If the table descriptor of T includes a system-time period descriptor, then C shall not be the system-
time period start column of T or the system-time period end column of T.

6) If the table descriptor of T includes a period descriptor that contains ATPN as its period name, then
C shall not be the ATPN period start column of T or the ATPN period end column of T.

7) If RESTRICT is specified, then C shall not be referenced in any of the following:

a) The original <query expression> of any view descriptor.

b) The <search condition> of any constraint descriptor other than a table constraint descriptor
that contains references to no other column and that is included in the table descriptor of T.

c) The SQL routine body of any routine descriptor.

d) The <parameter default> of any SQL parameter of any routine descriptor.

e) 04 16Either an explicit trigger column list or a triggered action column set of any trigger
descriptor.

f) The generation expression of any column descriptor.
NOTE 564— A <drop column definition> that does not specify CASCADE will fail if there are any references to that
column resulting from the use of CORRESPONDING, NATURAL, SELECT * (except where contained in an <exists
predicate>), a multi-column <unique constraint definition>, or REFERENCES without a <referenced column list> in
its <referenced table and columns>. Also note that a <drop column definition>whose <drop behavior> is RESTRICT
that references a column that is referencedby amulti-column<unique constraint definition>will fail, while dropping
a column that is referenced by a single-column <unique constraint definition> will succeed.

NOTE565—If CASCADE is specified, thenany suchdependent objectwill bedroppedby the executionof the<revoke
statement> and/or explicitly by the SQL-schema manipulation statements specified in the General Rules of this
Subclause.

NOTE 566— CN can be contained in an implicit trigger column list of a trigger descriptor.
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Access Rules

None.

General Rules

1) For every trigger TR having an explicit trigger column list or a triggered action column set that
contains CN:

a) Let TRN be the name of TR.

b) The following <drop trigger statement> is effectively executed without further Access Rule
checking:

DROP TRIGGER TRM

2) 09LetAbe the<authorization identifier> that ownsT. The following<revoke statement> is effectively
executed with a current authorization identifier of "_SYSTEM" and without further Access Rule
checking:

REVOKE INSERT(CN), UPDATE(CN), SELECT(CN), REFERENCES(CN)
ON TABLE TN
FROM A CASCADE

3) For every generated column GC of T in whose descriptor the generation expression contains a
<column reference> that references C:

a) Let GCN be the name of GC.

b) The following <alter table statement> is effectively executed without further Access Rule
checking:

ALTER TABLE TN DROP COLUMN GCN CASCADE

4) If the column is not based on a domain, then its data type descriptor is destroyed; otherwise, all
domain constraint usages that reference C are destroyed.

5) The data associated with C is destroyed.

6) The descriptor of C is removed from the descriptor of T.

7) The descriptor of C is destroyed.

8) The degree ofT is reduced by 1 (one). The ordinal position of all columns having an ordinal position
greater than the ordinal position of C is reduced by 1 (one).

Conformance Rules

1) Without Feature F033, “ALTERTABLE statement: DROPCOLUMNclause”, conforming SQL language
shall not contain a <drop column definition>.
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11.24 <add table constraint definition>

Function

Add a constraint to a table.

Format
<add table constraint definition> ::=
ADD <table constraint definition>

Syntax Rules

1) LetTbe the table identifiedby the<table name> contained in the containing<alter table statement>.

2) If PRIMARY KEY is specified, then T shall not have any proper supertable.

Access Rules

None.

General Rules

1) The table constraint descriptor for the<table constraint definition> is included in the tabledescriptor
for T.

2) Let TC be the table constraint added to T. If TC causes some column CN to be known not nullable
and no other constraint causes CN to be known not nullable, then the nullability characteristic of
the column descriptor of CN is changed to known not nullable.

NOTE567—The nullability characteristic of a column is defined in Subclause 4.15, “Columns, fields, and attributes”.

Conformance Rules

1) Without Feature F388, “ALTER TABLE statement: ADD/DROP CONSTRAINT clause”, conforming
SQL language shall not contain an <add table constraint definition>.
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11.25 <alter table constraint definition>

Function

Change the definition of a table constraint.

Format
<alter table constraint definition> ::=
ALTER CONSTRAINT <constraint name> <constraint enforcement>

Syntax Rules

1) Let T be the table identified by the <table name> in the containing <alter table statement>.

2) The <constraint name> shall identify a table constraint TC of T.

3) TC shall not identify a unique constraint.

Access Rules

None.

General Rules

1) The table constraint descriptor of TC is modified as follows.

Case:

a) If NOT ENFORCED is specified, then the indication of whether the constraint is enforced or
not enforced is replaced with an indication that the constraint is not enforced.

b) Otherwise, the indication of whether the constraint is enforced or not enforced is replaced
with an indication that the constraint is enforced.

Conformance Rules

1) Without Feature F492, “Optional table constraint enforcement”, conforming SQL language shall not
contain an <alter table constraint definition> that contains a <constraint enforcement>.
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11.26 <drop table constraint definition>
This Subclause is modified by Subclause 10.9, “<drop table constraint definition>”, in ISO/IEC 9075-4.

Function

Destroy a constraint on a table.

Format
<drop table constraint definition> ::=
DROP CONSTRAINT <constraint name> <drop behavior>

Syntax Rules

1) Let T be the table identified by the <table name> in the containing <alter table statement>.

2) The <constraint name> shall identify a table constraint TC of T.

3) IfTC is a unique constraint,T is the referenced table of a referential constraintRC and the referenced
columns of RC are the unique columns of TC, then RC is said to be dependent on TC.

4) Let QS be a <query specification> that contains an implicit or explicit <group by clause> and that
contains a column reference to a column C in its <select list> that is not contained in an aggregated
argument of a <set function specification>, letGbe the set of grouping columns ofQS. IfTC is needed
to conclude that G ↦ C is a known functional dependency in QS, then QS is said to be dependent on
TC.

5) Let V1 be a view that contains a <query specification> that is dependent on TC. V1 is said to be
dependent on TC.

6) Let R1 be an SQL routine whose <SQL routine body> contains a <query specification> that is
dependent on TC. R1 is said to be dependent on TC.

7) Let C1 be a constraint or assertionwhose <search condition> contains a <query specification> that
is dependent on TC. C1 is said to be dependent on TC.

8) Let TR1 be a trigger whose triggered action contains a <query specification> that is dependent on
TC. TR1 is said to be dependent on TC.

9) If T is a referenceable table with a derived self-referencing column, then TC shall not be a unique
constraint whose unique columns correspond to the derivational attributes of the derived repre-
sentation of the reference type whose referenced type is the structured type of T.

10) If the descriptor of T includes an application-time period descriptor ATPD, then:

a) TC shall not be the period constraint included in ATPD.

b) Let ATPN be the <application time period name> included in ATPD. Destruction of TC shall
not cause the nullability characteristic of the ATPN start column of T or the ATPN end column
of T to change from known not nullable to possibly nullable.

11) Destruction of TC shall not cause the nullability characteristic of any of the following columns of T
to change from known not nullable to possibly nullable:

a) A column that is a constituent of the primary key of T, if any.

b) The system-time period start column, if any.
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c) The system-time period end column, if any.

d) The identity column, if any.

12) TC shall not be a unique constraint whose unique column is the self-referencing column of T.

13) If RESTRICT is specified, then:

a) No table constraint shall be dependent on TC.

b) The <constraint name> of TC shall not be contained in the SQL routine body of any routine
descriptor.

c) No view shall be dependent on TC.

d) No SQL routine shall be dependent on TC.

e) No constraint or assertion shall be dependent on TC.

f) No trigger shall be dependent on TC.
NOTE 568— If CASCADE is specified, then any such dependent object will be dropped implicitly by the <revoke
statement> and/or explicitly by the SQL-schema manipulation statements specified in the General Rules of this
Subclause.

Access Rules

None.

General Rules

1) For every table constraint TCD that is dependent on TC:

a) Let TCDN be the constraint name of TCD and let TN2 be the table name included in the table
descriptor that includes the descriptor of TCD.

b) The following <alter table statement> is effectively executed without further Access Rule
checking:

ALTER TABLE TN2 DROP CONSTRAINT TCDN CASCADE

2) LetRS be the set of all SQL-invoked routineswhose routine descriptor contains the constraint name
of TC in the <SQL routine body> and all SQL routines that are dependent on TC.

For every routine R in RS:

a) 04 Let SN be the specific name of R.

b) The following <drop routine statement> is effectively executed without further Access Rule
checking:

DROP SPECIFIC ROUTINE SN CASCADE

3) For every view V that is dependent on TC:

a) Let VN be the table name of V.

b) The following <drop view statement> is effectively executed without further Access Rule
checking:

DROP VIEW VN CASCADE
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4) For every assertion A that is dependent on TC:

a) Let AN be the constraint name of A.

b) The following <drop assertion statement> is effectively executedwithout further Access Rule
checking:

DROP ASSERTION AN CASCADE

5) For every trigger TR that is dependent on TC:

a) Let TRN be the trigger name of TR.

b) The following <drop trigger statement> is effectively executed without further Access Rule
checking:

DROP TRIGGER TRN

6) The descriptor of TC is removed from the descriptor of T.

7) If TC causes some column COL to be known not nullable and no other constraint causes COL to be
known not nullable, then the nullability characteristic of the column descriptor of COL is changed
to possibly nullable.

NOTE569—The nullability characteristic of a column is defined in Subclause 4.15, “Columns, fields, and attributes”.

8) The descriptor of TC is destroyed.

Conformance Rules

1) Without Feature F388, “ALTER TABLE statement: ADD/DROP CONSTRAINT clause”, conforming
SQL language shall not contain a <drop table constraint definition>.
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11.27 <add table period definition>

Function

Add a system-time period or an application-time period to a persistent base table.

Format
<add table period definition> ::=
ADD <table period definition> [ <add system time period column list> ]

<add system time period column list> ::=
ADD [ COLUMN ] <column definition 1> ADD [ COLUMN ] <column definition 2>

<column definition 1> ::=
<column definition>

<column definition 2> ::=
<column definition>

Syntax Rules

1) Let TN be the <table name> immediately contained in the containing <alter table statement>. Let
T be the table identified by TN.

2) T shall be a persistent base table.

3) T shall not be a referenceable table.

4) If <table period definition> contains <system time period specification>, then:

a) The table descriptor of T shall not include a system-time period descriptor.

b) No column of T shall have a name that is equivalent to SYSTEM_TIME.

c) <add system time period column list> shall be specified.

d) <add system time period column list> shall contain exactly one <column definition> CD1 that
contains <system timeperiod start columnspecification>and exactly one<columndefinition>
CD2 that contains <system time period end column specification>.

e) Let SCN1be the<periodbegin columnname> contained in the<table perioddefinition>. SCN1
shall be equivalent to the <column name> contained in CD1. The column identified by SCN1
is the system-time period start column.

f) Let SCN2 be the <period end column name> contained in the <table period definition>. SCN2
shall be equivalent to the <column name> contained in CD2. The column identified by SCN2
is the system-time period end column.

g) The <data type or domain name> contained in CD1 shall be equivalent to the <data type or
domain name> contained in CD2.

5) If <table period definition> contains <application time period specification> ATPS, then:

a) Let ATPN be the <application time period name> contained in ATPS.

b) The table descriptor ofT shall not include aperioddescriptor other than a system-timeperiod
descriptor.
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c) No column of T shall have a column name that is equivalent to ATPN.

d) <add system time period column list> shall not be specified.

e) Let BCN1 be the <period begin column name> contained in the <table period definition>. The
table descriptor ofT shall include a columndescriptor that includesBCN1 as the columnname.
The column BC1 identified by BCN1 is the ATPN period start column.

f) Let BCN2 be the <period end column name> contained in the <table period definition>. The
table descriptor ofT shall include a columndescriptor that includesBCN2 as the columnname.
The column BC2 identified by BCN2 is the ATPN period end column.

g) The declared type of BC1 shall be either DATE or a timestamp type and shall be equivalent to
the declared type of BC2.

h) BC1 and BC2 shall be known not nullable.

i) Neither BC1 nor BC2 shall be an identity column, a generated column, a system-time period
start column, or a system-time period end column.

Access Rules

None.

General Rules

1) If <table period definition> contains <system time period specification>, then:

a) Let CD1 be <column definition 1>. The following <alter table statement> is executed without
further Access Rule checking:

ALTER TABLE TN ADD COLUMN CD1

b) Let CD2 be <column definition 2>. The following <alter table statement> is executed without
further Access Rule checking:

ALTER TABLE TN ADD COLUMN CD2

c) Let C1 be the column specified by CD1. Let C2 be the column specified by CD2. Let DT be the
data type of C2. Let TTS be an implementation-defined (IV181) value of type DT. Every row
of T is effectively updated at the end of each SQL-statement such that the value of C1 is set to
TTS and the value of C2 is set to the greatest value supported by DT.

NOTE 570—This update does not create a new state change in themost recent statement execution context.

d) Let SCN1 be the <period begin column name> contained in the <table period definition>. Let
SCN2 be the <period end column name> contained in the <table period definition>. The table
descriptor of T is modified to include a period descriptor that contains SYSTEM_TIME as the
name of the period, SCN1 as the name of the system-time period start column and SCN2 as
the name of the system-time period end column.

2) If <table period definition> contains <application time period specification>, then:

a) Let S be the schema identified by the explicit or implicit <schema name> of TN. Let BCN1 be
the <period begin column name> contained in the <table period definition>. Let BCN2 be the
<period end column name> contained in the <table period definition>. Let IDCN be an imple-
mentation-dependent (UV100) <constraint name> that is not equivalent to the <constraint
name> of any table constraint descriptor included in S.
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b) The following <alter table statement> is executed without further Access Rule checking:

ALTER TABLE TN ADD CONSTRAINT IDCN CHECK ( BCN1 < BCN2 )

c) The table descriptor of T is modified to include a period descriptor that contains ATPN as the
name of the period, BCN1 as the name of the ATPN period start column, BCN2 as the name of
the ATPN period end column, and IDCN as the ATPN period constraint name.

Conformance Rules

1) Without Feature T180, “System-versioned tables”, conforming SQL language shall not contain ADD
<system time period specification>.

2) Without Feature T181, “Application-timeperiod tables”, conforming SQL language shall not contain
ADD <application time period specification>.
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11.28 <drop table period definition>

Function

Remove a system-time period or application-time period from a persistent base table.

Format
<drop table period definition> ::=
DROP <system or application time period specification> <drop behavior>

Syntax Rules

1) Let TN be the <table name> immediately contained in the containing <alter table statement>. Let
T be the table identified by TN.

2) If <system or application time period specification> specifies PERIOD SYSTEM_TIME, then:

a) T shall not be a system-versioned table.

b) The descriptor of T shall include a system-time period descriptor.

c) If RESTRICT is specified, thenneither the system-timeperiod start columnofTnor the system-
time period end column of T shall be referenced in any of the following:

i) The original <query expression> of any view descriptor.

ii) The SQL routine body of any routine descriptor.

iii) The <parameter default> of any SQL parameter of any routine descriptor.

iv) The <triggered action> of any trigger descriptor.

v) The generation expression of any column descriptor.
NOTE571—A<drop table perioddefinition> that doesnot specify CASCADEwill fail if there are any references
to the system-time period start column of T or to the system-period end column of T resulting from the use
of CORRESPONDING, NATURAL, or SELECT * (except where contained in an <exists predicate>).

NOTE 572— If CASCADE is specified, then any such dependent object will be dropped by the execution of
the <drop column definition> specified in the General Rules of this Subclause.

d) If RESTRICT is specified, then the SYSTEM_TIME period of T shall not be referenced in any of
the following:

i) The original <query expression> of any view descriptor.

ii) The <search condition> of any constraint descriptor.

iii) The <search condition> of any assertion descriptor.

iv) The <parameter default> of any SQL parameter of any routine descriptor.

v) The SQL routine body of any routine descriptor.

vi) The <triggered action> of any trigger descriptor.

vii) The generation expression of any column descriptor.
NOTE 573— If CASCADE is specified, then any such dependent object will be dropped by the execution of
the General Rules of this Subclause.
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3) If <system or application time period specification> specifies an <application time period name>
ATPN, then:

a) The descriptor of T shall include an ATPN period descriptor.

b) If RESTRICT is specified, then a <delete statement: searched> that contains a <target table>
that is T and that contains an <application time period name> that is equivalent to ATPN shall
not be referenced in any of the following:

i) The SQL routine body of any routine descriptor.

ii) The <triggered action> of any trigger descriptor.
NOTE 574— If CASCADE is specified, then any such dependent object will be dropped by the execution of
the General Rules of this Subclause.

c) If RESTRICT is specified, then an <update statement: searched> that contains a <target table>
that is T and that contains an <application time period name> that is equivalent to ATPN shall
not be referenced in any of the following:

i) The SQL routine body of any routine descriptor.

ii) The <triggered action> of any trigger descriptor.
NOTE 575— If CASCADE is specified, then any such dependent object will be dropped by the execution of
the General Rules of this Subclause.

d) If RESTRICT is specified, then the period identified by ATPN shall not be referenced in any of
the following:

i) The original <query expression> of any view descriptor.

ii) The <search condition> of any constraint descriptor.

iii) The <search condition> of any assertion descriptor.

iv) The <parameter default> of any SQL parameter of any routine descriptor.

v) The SQL routine body of any routine descriptor.

vi) The <triggered action> of any trigger descriptor.

vii) The generation expression of any column descriptor.
NOTE 576— If CASCADE is specified, then any such dependent object will be dropped by the execution of
the General Rules of this Subclause.

Access Rules

None.

General Rules

1) If <system or application time period specification> specifies PERIOD SYSTEM_TIME, then:

a) Let SCN be the <column name> of the system-time period start column of T. The following
<alter table statement> is executed without further Access Rule checking:

ALTER TABLE TN DROP COLUMN SCN CASCADE

b) Let ECN be the <column name> of the system-time period end column of T. The following
<alter table statement> is executed without further Access Rule checking:
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ALTER TABLE TN DROP COLUMN ECN CASCADE

c) The system-time period descriptor is removed from the table descriptor of T.

d) For every period reference PR that references the SYSTEM_TIME period of T.

Case:

i) If PR is contained in the original <query specification> of a view descriptor, then for
every such view descriptor:

1) Let SON be the name of the view included in that view descriptor.

2) The following <drop view statement> is effectively executed without further
Access Rule checking:

DROP VIEW SON CASCADE

ii) If PR is contained in the <search condition> of an assertion descriptor, then for every
such assertion descriptors:

1) Let SON be the name of the constraint included in that assertion descriptor.

2) The following <drop assertion statement> is effectively executedwithout further
Access Rule checking:

DROP ASSERTION SON CASCADE

iii) If PR is contained in the <search condition> of any table constraint descriptor, then for
every such table constraint descriptor:

1) Let SOD be the table constraint descriptor, let SON be the name of the constraint
included in SOD, and let CTN be the <table name> included in the table descriptor
that includes SOD.

2) The following <alter table statement> is effectively executed without further
Access Rule checking:

ALTER TABLE CTN DROP CONSTRAINT SON CASCADE

iv) If PR is contained in the SQL routine body of any routine descriptor or is contained in
the <parameter default> of any SQLparameter of any routine descriptor, then for every
such routine descriptor:

1) Let SON be the specific name included in that routine descriptor.

2) The following <drop routine statement> is effectively executed without further
Access Rule checking:

DROP SPECIFIC ROUTINE SON CASCADE

v) If PR is contained in the <triggered action> of any trigger descriptor, then for every
such trigger descriptor:

1) Let SON be the trigger name included in that trigger descriptor.

2) The following <drop trigger statement> is effectively executed without further
Access Rule checking:

DROP TRIGGER SON
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2) If <system or application time period specification> specifies an <application time period name>
ATPN, then:

a) Let IDCN be the name of the ATPN period constraint contained in the ATPN period descriptor
of T.

b) The ATPN period descriptor is removed from the table descriptor of T.

c) The following <alter table statement> is effectively executed without further Access Rule
checking:

ALTER TABLE TN DROP CONSTRAINT IDCN CASCADE

d) For every SQL routine R such that the SQL routine body in the descriptor of R contains either
a <delete statement: searched> SSor an<update statement: searched> SS such that SS contains
a <target table> that isT and SS contains an <application time period name> that is equivalent
to APTN:

i) Let SON be the specific name included in the routine descriptor of R.

ii) The following <drop routine statement> is effectively executedwithout further Access
Rule checking:

DROP SPECIFIC ROUTINE SON CASCADE

e) For every triggerTT such that the <triggered action>ofTT contains either a <delete statement:
searched> SS or an <update statement: searched> SS such that SS contains a <target table>
that is T and SS contains an <application time period name> that is equivalent to APTN:

i) Let TTN be the name of TT.

ii) The following <drop trigger statement> is effectively executed without further Access
Rule checking:

DROP TRIGGER TTN

f) For every period reference PR that references the ATPN period of T,

Case:

i) If PR is contained in the original <query specification> of a view descriptor, then for
every such view descriptor:

1) Let SON be the name of the view included in that view descriptor.

2) The following <drop view statement> is effectively executed without further
Access Rule checking:

DROP VIEW SON CASCADE

ii) If PR is contained in the <search condition> of an assertion descriptor, then for every
such assertion descriptor:

1) Let SON be the name of the constraint included in that assertion descriptor.

2) The following <drop assertion statement> is effectively executedwithout further
Access Rule checking:

DROP ASSERTION SON CASCADE

iii) If PR is contained in the <search condition> of any table constraint descriptor, then for
every such table constraint descriptor:
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Let SOD be the table constraint descriptor, let SON be the name of the constraint
included in SOD, and let CTN be the <table name> included in the table descriptor
that includes SOD.

1)

2) The following <alter table statement> is effectively executed without further
Access Rule checking:

ALTER TABLE CTN DROP CONSTRAINT SON CASCADE

iv) If PR is contained in the SQL routine body of any routine descriptor or is contained in
the <parameter default> of any SQLparameter of any routine descriptor, then for every
such routine descriptor:

1) Let SON be the specific name included in that routine descriptor.

2) The following <drop routine statement> is effectively executed without further
Access Rule checking:

DROP SPECIFIC ROUTINE SON CASCADE

v) If PR is contained in the <triggered action> of any trigger descriptor, then for every
such trigger descriptor:

1) Let SON be the trigger name included in that trigger descriptor.

2) The following <drop trigger statement> is effectively executed without further
Access Rule checking:

DROP TRIGGER SON

Conformance Rules

1) Without Feature T180, “System-versioned tables”, conforming SQL language shall not containDROP
PERIOD SYSTEM_TIME.

2) Without Feature T181, “Application-timeperiod tables”, conforming SQL language shall not contain
a <drop table period definition> that contains an <application time period name>.
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11.29 <add system versioning clause>

Function

Alter a regular persistent base table to a system-versioned table.

Format
<add system versioning clause> ::=
ADD <system versioning clause>

Syntax Rules

1) Let TN be the <table name> immediately contained in the containing <alter table statement>. Let
T be the table identified by TN.

2) T shall be a regular persistent base table.

3) T shall not be a referenceable table.

4) The descriptor of T shall include a system-time period descriptor.

5) T shall not be a system-versioned table.

6) The descriptor of T shall not include the descriptor of a columnwhose declared type is a reference
type.

Access Rules

None.

General Rules

1) The table descriptor ofT ismodified such that the indication thatT is a regular persistent base table
is modified to indicate that T is a system-versioned table.

Conformance Rules

1) Without Feature T180, “System-versioned tables”, conforming SQL language shall not contain <add
system versioning clause>.
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11.30 <drop system versioning clause>

Function

Change a system-versioned table into a regular persistent base table.

Format
<drop system versioning clause> ::=
DROP SYSTEM VERSIONING <drop behavior>

Syntax Rules

1) Let TN be the <table name> immediately contained in the containing <alter table statement>. Let
T be the table identified by TN.

2) T shall be a system-versioned table.

3) If RESTRICT is specified, then a <table primary> that specifies <query system time period specific-
ation> and references T shall not be referenced in any of the following:

a) The original <query expression> of any view descriptor.

b) The <search condition> of any constraint descriptor.

c) The <search condition> of any assertion descriptor.

d) The <parameter default> of any SQL parameter of any routine descriptor.

e) The SQL routine body of any routine descriptor.

f) The <triggered action> of any trigger descriptor.

g) The generation expression of any column descriptor.
NOTE577—If CASCADE is specified, then any suchdependent objectwill be droppedby the executionof theGeneral
Rules of this Subclause.

Access Rules

None.

General Rules

1) The table descriptor of T is modified such that the indication that T is a system-versioned table is
modified to indicate it is a regular persistent base table.

2) Every row of T that corresponds to a historical system row is effectively deleted at the end of the
SQL-statement.

NOTE 578— This deletion does not create a new state change in the most recent statement execution context.

3) For each<table primary>TP that specifies<query system timeperiod specification>and references
T,

Case:
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a) If TP is contained in the original <query specification> of a view descriptor, then for every
such view descriptor:

i) Let SON be the name of the view included in that view descriptor.

ii) The following <drop view statement> is effectively executed without further Access
Rule checking:

DROP VIEW SON CASCADE

b) If TP is contained in the <search condition> of an assertion descriptor, then for every such
assertion descriptor:

i) Let SON be the name of the constraint included in that assertion descriptor.

ii) The following<drop assertion statement> is effectively executedwithout furtherAccess
Rule checking:

DROP ASSERTION SON CASCADE

c) If TP is contained in the <search condition> of any table constraint descriptor:

i) Let SOD that table constraint descriptor, let SON be the name of the constraint included
in SOD, and let CTN be the <table name> included in the table descriptor that includes
SOD.

ii) The following <alter table statement> is effectively executed without further Access
Rule checking:

ALTER TABLE CTN DROP CONSTRAINT SON CASCADE

d) If TP is contained in the SQL routine body of any routine descriptor or is contained in the
<parameter default> of any SQL parameter of any routine descriptor, then for every such
routine descriptor:

i) Let SON be the specific name included in that routine descriptor.

ii) The following <drop routine statement> is effectively executedwithout further Access
Rule checking:

DROP SPECIFIC ROUTINE SON CASCADE

e) If TP is contained in the <triggered action> of any trigger descriptor, then for every such
trigger descriptor:

i) Let SON be the trigger name included in that trigger descriptor.

ii) The following <drop trigger statement> is effectively executed without further Access
Rule checking:

DROP TRIGGER SON

Conformance Rules

1) Without FeatureT180, “System-versioned tables”, conforming SQL language shall not contain <drop
system versioning clause>.
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11.31 <drop table statement>
This Subclause is modified by Subclause 10.10, “<drop table statement>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 11.5, “<drop table statement>”, in ISO/IEC 9075-16.

Function

Destroy a table.

Format
<drop table statement> ::=
DROP TABLE <table name> <drop behavior>

Syntax Rules

1) Let T be the table identified by the <table name> and let TN be that <table name>.

2) The schema identified by the explicit or implicit <schema name> of the <table name> shall include
the descriptor of T.

3) T shall be a base table.

4) T shall not be a declared local temporary table.

5) An impacted dereference operation is any of the following:

a) A <dereference operation> DO, where T is the scope of the reference type of the <reference
value expression> immediately contained in DO.

b) A <method reference>MR, where T is the scope of the reference type of the <value expression
primary> immediately contained inMR.

c) A <reference resolution>RR, whereT is the scope of the reference type of the <reference value
expression> immediately contained in RR.

6) If RESTRICT is specified, then T shall not have any proper subtables.

7) 04 If RESTRICT is specified, then T shall not be referenced and no impacted dereference operation
shall be contained in any of the following:

a) The original <query expression> of any view descriptor.

b) The <search condition> of any constraint descriptor that is not a table check constraint
descriptor included in the base table descriptor of T.

c) The <search condition> of any assertion descriptor.

d) The table descriptor of the referenced table of any referential constraint descriptor of any
table other than T.

e) The SQL routine body of any routine descriptor.

f) The <parameter default> of any SQL parameter of any routine descriptor.

g) 16The <triggered action> of any trigger descriptor.
NOTE 579— If CASCADE is specified, then such objects will be dropped by the execution of the <revoke statement>
and/or explicitly by the SQL-schema manipulation statements specified in the General Rules of this Subclause.
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8) If RESTRICT is specified and T is a referenceable table, then TN shall not be the scope included in
a reference type descriptor generally included in any of the following:

a) The attribute descriptor of an attribute of a user-defined type.

b) The column descriptor of a column of a table other than T.

c) The descriptor of an SQL parameter or the result type included in the routine descriptor of
any <SQL-invoked routine>.

d) The descriptor of an SQL parameter or the result type included in a method specification
descriptor included in the user-defined type descriptor of any user-defined type.

e) The descriptor of any user-defined cast.
NOTE 580— A descriptor that “generally includes” another descriptor is defined in Subclause 6.3.4, “Descriptors”,
in ISO/IEC 9075-1.

9) Let A be the <authorization identifier> that owns the schema identified by the <schema name> of
the table identified by TN.

Access Rules

1) The enabled authorization identifiers shall include A.

General Rules

1) Let STN be the <table name> of any direct subtable of T. The following <drop table statement> is
effectively executed without further Access Rule checking:

DROP TABLE STN CASCADE

2) For every proper supertable of T, every superrow of every row of T is effectively deleted at the end
of the SQL-statement, prior to the checking of any integrity constraints.

NOTE 581— This deletion does not create a new state change in the most recent statement execution context.

3) The following <revoke statement> is effectively executed with a current authorization identifier of
"_SYSTEM" and without further Access Rule checking:

REVOKE ALL PRIVILEGES ON TN FROM A CASCADE

4) If T is a referenceable table, then:

a) For every reference type descriptor RTD that includes a scope of TN and is generally included
in any of the following:

i) The attribute descriptor of an attribute of a user-defined type.

ii) The column descriptor of a column of a table other than T.

iii) Thedescriptor of an SQLparameter or the result type included in the routine descriptor
of any SQL-invoked routine.

iv) The descriptor of an SQL parameter or the result type in a method specification
descriptor included in the user-defined type descriptor of any user-defined type.

v) The descriptor of any user-defined cast.

the scope of RTD is made empty.
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b) Let SOD be the descriptor of a schema object dependent on the table descriptor of T.
NOTE 582— A descriptor that “depends on” another descriptor is defined in Subclause 6.3.4, “Descriptors”,
in ISO/IEC 9075-1.

Case:

i) If SOD is a view descriptor, then let SON be the name of the view included in SOD. The
following <drop view statement> is effectively executed without further Access Rule
checking:

DROP VIEW SON CASCADE

ii) If SOD is an assertion descriptor, then let SON be the name of the constraint included
in SOD. The following<dropassertion statement> is effectively executedwithout further
Access Rule checking:

DROP ASSERTION SON CASCADE

iii) If SOD is a table constraint descriptor, then let SON be the name of the constraint
included in SOD. Let CTN be the <table name> included in the table descriptor that
includes SOD. The following <alter table statement> is effectively executed without
further Access Rule checking:

ALTER TABLE CTN DROP CONSTRAINT SON CASCADE

iv) If SOD is a routine descriptor, then let SON be the specific name included in SOD. The
following <drop routine statement> is effectively executedwithout furtherAccessRule
checking:

DROP SPECIFIC ROUTINE SON CASCADE

v) If SOD is a trigger descriptor, then let SON be the trigger name included in SOD. The
following <drop trigger statement> is effectively executedwithout further Access Rule
checking:

DROP TRIGGER SON

5) For each direct supertable DST of T, the table name of T is removed from the list of table names of
direct subtables of DST that is included in the table descriptor of DST.

6) The descriptor of T is destroyed.

Conformance Rules

1) Without Feature F032, “CASCADE drop behavior”, conforming SQL language shall not contain a
<drop table statement> that contains <drop behavior> that contains CASCADE.
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11.32 <view definition>
This Subclause is modified by Subclause 10.11, “<view definition>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 10.3, “<view definition>”, in ISO/IEC 9075-13.
This Subclause is modified by Subclause 12.4, “<view definition>”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 11.2, “<view definition>”, in ISO/IEC 9075-15.
This Subclause is modified by Subclause 11.6, “<view definition>”, in ISO/IEC 9075-16.

Function

Define a viewed table.

Format
<view definition> ::=
CREATE [ RECURSIVE ] VIEW <table name> <view specification>

AS <query expression> [ WITH [ <levels clause> ] CHECK OPTION ]

<view specification> ::=
<regular view specification>

| <referenceable view specification>

<regular view specification> ::=
[ <left paren> <view column list> <right paren> ]

<referenceable view specification> ::=
OF <path-resolved user-defined type name> [ <subview clause> ]
    [ <view element list> ]

<subview clause> ::=
UNDER <table name>

<view element list> ::=
<left paren> <view element> [ { <comma> <view element> }... ] <right paren>

<view element> ::=
<self-referencing column specification>

| <view column option>

<view column option> ::=
<column name> WITH OPTIONS <scope clause>

<levels clause> ::=
CASCADED

| LOCAL

<view column list> ::=
<column name list>

Syntax Rules

1) Let QE be the <query expression>.

2) 04QE shall not contain a <host parameter specification>, an <SQLparameter reference>, a <dynamic
parameter specification>, or an <embedded variable specification>.

3) If a <viewdefinition> is contained in a<schemadefinition>and the<tablename>contains a<schema
name>, then that <schema name> shall be equivalent to the specified or implicit <schema name>
of the containing <schema definition>.
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4) 16The schema identified by the explicit or implicit <schema name> of the <table name> shall not
include a table descriptor whose table name is <table name>.

5) Let TN be the <table name>. There shall not exist a viewed table V2 identified by <table name> TN2
whose view descriptor includes an original <query expression> QE2 such that TN is generally con-
tained in QE2 and TN2 is generally contained in QE.

6) No <table reference> generally contained in QE shall identify any declared local temporary table.

7) No <table reference> generally contained in QE shall contain a <data change delta table>.

8) If a <table reference> generally contained in QE identifies the viewed table VT defined by <view
definition> VD, then VD and VT are said to be recursive.

9) If VD is recursive, then:

a) <view column list> shall be specified.

b) RECURSIVE shall be specified.

c) CHECK OPTION shall not be specified.

d) <referenceable view specification> shall not be specified.

e) VD is equivalent to

CREATE VIEW <table name> AS
WITH RECURSIVE <table name> (<view column list>)
AS (<query expression>)

SELECT <view column list> FROM <table name>

10) The viewed table is generally updatable if QE is generally updatable.

11) The viewed table is simply updatable if QE is simply updatable.

12) The viewed table is effectively updatable if QE is effectively updatable.

13) The viewed table is insertable-into if QE is insertable-into.

14) The number of <column name>s in the <view column list> shall be the same as the degree of the
table specified by QE.

15) Every column in the table specified by QEwhose declared type is a character string type shall have
a declared type collation.

16) If WITH CHECK OPTION is specified and <levels clause> is not specified, then a <levels clause> of
CASCADED is implicit.

17) If CASCADED CHECK OPTION is specified or implied, then the viewed table shall be effectively
updatable.

18) If LOCAL CHECK OPTION is specified, then the viewed table shall be simply updatable.

19) If CHECK OPTION is specified, then no generally underlying table of QE shall be a viewwhose view
descriptor includes an indication that the view is trigger updatable, trigger insertable-into, or trigger
deletable.

20) If LOCALCHECKOPTION is specified, thenQE shall not contain apotential sourceof non-determinism
except for a leaf underlying table specification of QE, or a <column reference> whose implicit or
explicit qualifying range variable is a leaf underlying table of QE.

If CASCADED CHECK OPTION is specified, then QE shall not contain a potential source of non-
determinism.
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21) Let V be the view defined by the <view definition>. The underlying columns of every i-th column of
V are the underlying columns of the i-th column of the <query expression> and the underlying
columns of V are the underlying columns of the <query expression>. The generally underlying
columns of every i-th column of V are the generally underlying columns of the i-th column of the
<query expression>and the generally underlying columnsofV are the generally underlying columns
of the <query expression>.

22) <subview clause>, if present, identifies the direct superview SV of V. V is said to be a direct subview
of SV. View V1 is a superview of view V2 if and only if one of the following is true:

a) V1 and V2 are the same view.

b) V1 is a direct superview of V2.

c) There exists a view V3 such that V1 is a direct superview of V3 and V3 is a superview of V2.

If V1 is a superview of V2, then V2 is said to be a subview of V1.

If V1 is a superview of V2 and V1 and V2 are not the same view, then V2 is a proper subview of V1
and V1 is a proper superview of V2.

If V2 is a direct subview of V1, then V2 is a direct subtable of V1.
NOTE 583— It follows that the subviews of the superviews of V together constitute the subtable family of V, every
implication of which applies.

23) If <referenceable view specification> is specified, then:

a) V is a referenceable view.

b) RECURSIVE shall not be specified.

c) 13The<user-defined typename> simply contained in <path-resolveduser-defined typename>
shall identify a structured type ST.

d) The subtable family of V shall not include a member, other than V itself, whose associated
structured type is ST.

e) If <subview clause> is not specified, then <self-referencing column specification> shall be
specified.

f) Let n be the number of attributes of ST. Let Ai, 1 (one) ≤ i ≤ n be the attributes of ST.

g) Let RT be the row type of QE.

h) If <self-referencing column specification> is specified, then:

i) Exactly one <self-referencing column specification> shall be specified.

ii) <subview clause> shall not be specified.

iii) SYSTEM GENERATED shall not be specified.

iv) Let RST be the reference type REF(ST).

Case:

1) If USER GENERATED is specified, then:

A) RST shall have a user-defined representation.

B) Letm be 1 (one).

2) If DERIVED is specified, then:
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A) RST shall have a derived representation.

B) Letm be 0 (zero).

i) If <subview clause> is specified, then:

i) The <table name> contained in the <subview clause> shall identify a referenceable
table SV that is a view.

ii) ST shall be a direct subtype of the structured type of the direct supertable SUPERT of
V.

iii) The SQL-schema identified by the explicit or implicit <schema name> of the <table
name> of V shall include the descriptor of SV.

iv) LetMSV be the maximal superview of the subtable family of V. LetMSVTY be the
structured type ofMSV. Let RMSV be the reference type REF(MSVTY).

Case:

1) If RMSV has a user-defined representation, then letm be 1 (one).

2) Otherwise, RMSV has a derived representation. Letm be 0 (zero).

j) The degree of RT shall be n+m.

k) Let Fi, 1 (one) ≤ i ≤ n, be the fields of RT.

l) For i varying from 1 (one) to n:

i) The declared type DDTFi+m of Fi+m shall be compatible with the declared type DDTAi
of Ai.

ii) The Syntax Rules of Subclause 9.30, “Data type identity”, are applied with DDTFi+m as
TYPE1 and DDTAi as TYPE2.

m) QE shall consist of a single <query specification> QS.

n) The <from clause> of QS shall simply contain a single <table reference> TR.

o) TR shall immediately contain a <table or query name> that is a <table name>. Let TQN be the
table identified by the <table or query name>. TQN is the basis table of V.

p) If TQN is a referenceable table, then TR shall simply contain ONLY.

q) QS shall not simply contain a <group by clause> or a <having clause>.

r) QS shall not generally contain an <aggregate function>.

s) If <self-referencing column specification> is specified, then

Case:

i) If RST has a user-defined representation, then:

1) TQN shall have a candidate key consisting of a single column RC.

2) Let SS be the first <select sublist> in the <select list> of QS.

3) SS shall consist of a single <cast specification> CSwhose leaf column is RC.
NOTE 584— “Leaf column of a <cast specification>” is defined in Subclause 6.13, “<cast spe-
cification>”.
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4) The declared type of F1 shall be REF(ST).

ii) Otherwise, RST has a derived representation.

1) Let u be the number of attributes of the derived representation of RST. Let Ci, 1
(one) ≤ i ≤ u, be the columns of V that correspond to the attributes of the derived
representation of RST.

2) For each i, 1 (one)≤ i≤ u, the <value expression> simply contained in the <derived
column> that defines Ci shall be a column reference.

3) TQN shall have a candidate key consisting of some subset of the underlying
columns of Ci, 1 (one) ≤ i ≤ u.

t) If <subview clause> is specified, then:

i) TQN shall be a proper subtable or a proper subview of the basis table of SV.

ii) If SUPERT is effectively updatable, then QS shall be effectively updatable.

iii) Let k be the number of columns of SUPERT. For all j, 1 (one) < j ≤ k, if the j-th column
of the original <query expression> SOQE of SUPERT is updatable, then let VEj be the
<value expression> simply contained in the j-th <derived column> simply contained
in the <select list> simply contained in SOQE. Since VEj is updatable, it is a column ref-
erence; let CNj be the column name of VEj. The <value expression> simply contained
in the (j+m)-th <derived column> simply contained in the <select list> of QS shall be a
column reference whose column name is CNj and whose qualifying table is TQN.

NOTE 585— This ensures that the updatable columns of SUPERT can be determined when the view
is created and will not be subject to change as a result of adding the subview. It also ensures that
UPDATE column privileges on SUPERT can be established solely by examining the original <query
expression> of SUPERT, and need not change as the result of adding a subview. In more detail, the
rule says that if a column of a referenceable view RV is a column reference to a column of the basis
table ofRV, then in every subview SUBRV, that columnmust be a columnreference to the corresponding
column in the basis table of SUBRV.

iv) If the view descriptor of SUPERT or any supertable of SUPERT includes an indication
that LOCAL CHECK OPTIONwas specified, then QS shall not contain a potential source
of non-determinism except for a leaf underlying table specification of QE.

NOTE586—This ensures that a viewhavingLOCALCHECKOPTIONwill remaindeterministic (except
possibly its leaf underlying table specification) when any subview is added.

v) If the view descriptor of SUPERT or any supertable of SUPERT includes an indication
that CASCADED CHECK OPTION was specified, then QS shall not contain a potential
source of non-determinism.

NOTE 587— This ensures that a view having CASCADED CHECK OPTION will remain deterministic
when any subview is added.

vi) If SUPERTor any supertable of SUPERT is referenced in any check constraint descriptor,
assertion descriptor, or the original <query expression> of any viewhaving CASCADED
CHECK OPTION, then QS shall not contain a potential source of non-determinism.

NOTE 588— This ensures that if a view must be deterministic for the sake of a check constraint,
assertion, or some other view that has CASCADED CHECK OPTION, then the view will remain
deterministic when any subview is added.

vii) If SUPERT or any supertable of SUPERT is referenced, except as a leaf underlying table,
in the original <query expression> of any view having LOCAL CHECK OPTION, then QS
shall not contain a potential source of non-determinism.
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NOTE 589— This ensures that if a view must be deterministic for the sake of some other view that
has LOCAL CHECK OPTION, then the view will remain deterministic when any subview is added.

viii) If the view descriptor of SUPERT or any supertable of SUPERT includes an indication
that LOCAL CHECK OPTION was specified, then QS shall be simply updatable.

NOTE 590—When LOCAL CHECK OPTION is enforced during an update operation on a supertable
of QS, LOCAL CHECK OPTIONmust also be enforced on any rows of QS that are subrows of the
supertable. By an earlier Syntax Rule, this requires that QS be simply updatable.

ix) For every

1) Original <query expression> OBJ of the view descriptor of any view.

2) <search condition> OBJ of any constraint descriptor or assertion descriptor.

3) <triggered action> OBJ of any trigger descriptor.

4) SQL routine body OBJ of any routine descriptor.

5) 04<parameter default> OBJ of any SQL parameter of any routine descriptor.

OBJ shall still satisfy the Syntax Rules and Conformance Rules applicable to OBJ under
the assumption that V is created as a subtable of SUPERT.

NOTE 591— This prevents the following general scenario: 1) create a referenceable view SUPERT;
2) create an SQL-schema objectOBJ that depends on some property P of SUPERT; 3) create a subtable
of SUPERT that lacks the property P on which OBJ depends, thereby invalidating OBJ. Examples of
properties P are: containing a potential source of non-determinism; not invoking an SQL-invoked
routine that possibly reads SQL-data; or the usage of domains.

u) If <view element list> TEL1 is specified, then:

i) Let r be the number of <view column option>s. For every <view column option> VCOj,
1 (one) ≤ j ≤ r, <column name> shall be equivalent to the <attribute name> of some
originally-defined attribute of ST.

ii) Distinct <view column option>s contained in TEL1 shall specify distinct <column
name>s.

iii) Let CNj, 1 (one) ≤ j ≤ r, be the <column name> contained in VCOj and let SCLj be the
<scope clause> contained in VCOj.

1) CNj shall be equivalent to some <attribute name> of ST, whose declared type is
some reference type CORTj.

2) The <table name> contained in SCLj shall identify a referenceable table SRT.

3) SRT shall be based on the referenced type of CORTj.

NOTE 592—The notion of one data type being based on another data type is defined in Subclause 4.2, “Data
types”.

24) Case:

a) If <regular view specification> is specified, then:

i) If any two columns in the table specified by the <query expression> have equivalent
<column name>s, or if any column of that table has an implementation-dependent
name, then a <view column list> shall be specified.

ii) Equivalent <columnname>s shall not be specifiedmore than once in the <viewcolumn
list>.
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b) Otherwise,

Case:

i) If <subview clause> is specified, then the name of the self-referencing column of SV
shall not be equivalent to the name of any attribute of ST.

ii) Otherwise, <self-referencing column specification> shall not be equivalent to the name
of any attribute of ST.

25) A column of V is called an updatable column of V if its underlying column is updatable.

26) If the <view definition> is contained in a <schema definition>, then let A be the explicit or implicit
<authorization identifier> of the <schema definition>; otherwise, let A be the <authorization iden-
tifier> that owns the schema identified by the explicit or implicit <schema name> of the <table
name>.

Access Rules

1) If a <view definition> is contained in an <SQL-client module definition>, then the enabled authori-
zation identifiers shall include the <authorization identifier> that owns the schema identified by
the implicit or explicit <schema name> of the <table name>.

2) If <referenceable view specification> is specified, then the applicable privileges for A shall include
USAGE on ST.

3) If <subview clause> is specified, then

Case:

a) If <view definition> is contained, without an intervening <SQL routine spec> that specifies
SQL SECURITY INVOKER, in an <SQL schema statement>, then the applicable privileges of the
<authorization identifier> that owns the schema shall include UNDER for SV.

b) Otherwise, the current privileges shall include UNDER for SV.

General Rules

1) A view descriptor VD is created that describes V. VD includes:

a) The <table name> TN.

b) Case:

i) If RMSV has a derived representation, then let SL be the <select list> simply contained
in QS, and let TE be the <table expression> simply contained in QS. Let IDV be an
implementation-dependent (UV101) <value expression> that computes the REF value
that references a row of V. Let OQE be the <query expression>

SELECT IDV, SL
TE

ii) Otherwise, let OQE be QE.

c) OQE, as both the hierarchical <query expression> of the descriptor and the original <query
expression> of the descriptor.

d) QE, as the user-specified <query expression> of the descriptor.

e) Case:
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If <regular view specification> is specified, then the columndescriptors taken from the
table specified by the <query expression>.

Case:

i)

1) If a <view column list> is specified, then the <column name> of the i-th column
of the view is the i-th <column name> in that <view column list>.

2) Otherwise, the <column name>s of the view are the <column name>s of the table
specified by the <query expression>.

ii) Otherwise:

1) A column descriptor in which:

A) The name of the column is

Case:

I) If <self-referencing columnname> is specified, then<self-referencing
column name>.

II) Otherwise, the name of the first column of the direct supertable of
V.

B) The data type descriptor is that generated by the <data type> “REF(ST)
SCOPE(TN)”.

C) The nullability characteristic is known not nullable.

D) The ordinal position is 1 (one).

E) The column is indicated to be self-referencing.

2) The columndescriptorODCDof each inherited columnandeachoriginally-defined
column ODC of V in which:

A) The <column name> included in ODCD is replaced by the <attribute name>
of its corresponding attribute of ST.

B) Thedeclared type included inODCD is thedeclared typeof its corresponding
attribute of ST.

C) If the declared type of the column is a reference type and someVCOi contains
the <attribute name> of ST that corresponds to the column, then the (pos-
sibly empty) scope contained in the reference type descriptor immediately
included in the column descriptor is replaced by SCOi.

3) If DERIVED is specified, then an indication that the self-referencing column is a
derived self-referencing column.

4) If USER GENERATED is specified, then an indication that the self-referencing
column is a user-generated self-referencing column.

f) In each column descriptor, an indication that the column is updatable if V is effectively
updatable and the corresponding column of QE is updatable.

g) An indication as to whether CHECK OPTION was omitted, specified with LOCAL, or specified
with CASCADED.

h) An indication that V is not trigger insertable-into.

i) An indication that V is not trigger updatable.
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j) An indication that V is not trigger deletable.

k) If V is insertable-into, then an indication that V is insertable-into.

l) If V is simply updatable, then an indication that V is simply updatable.

m) If V is effectively updatable, then an indication that V is effectively updatable.

2) Let VN be the <table name>. Let HQE be the hierarchical <query expression> included in the view
descriptor VD of the view identified by VN. Let OQE be the original <query expression> included in
VD.

a) Case:

i) If a <view column list> is specified, then let VCL be the <view column list> preceded
by a <left paren> and followed by a <right paren>.

ii) If V is a referenceable view, then let SRCN be the name of the self-referencing column
of V, let n be the number of attributes of ST, and let AN1, ..., ANn be the names of those
attributes of ST. Let VCL be

( SRCN, AN1, ..., ANn )

iii) Otherwise, let VCL be the zero-length character string.

b) Case:

i) If VN is immediately contained in some SQL-schema statement, then VN identifies the
view descriptor VD.

ii) If VN is immediately contained in a <table reference> that specifies ONLY, then VN
references the same table as the <table reference>:

( OQE ) AS VN VCL

iii) Otherwise, VN references the same table as the <table reference>:

( HQE ) AS VN VCL

3) Let UT be the set of all distinct leaf underlying tables of the <query expression> of V. Let CU be the
set of all columns from all tables in UT. For every column CV in V:

a) Let CUCV be the set of all columns in CU that are underlying columns of CV.

b) A set of column privilege descriptors with the grantor for each set to the special grantor value
"_SYSTEM" is created as follows:

i) A column privilege descriptor is created that defines the privilege SELECT on CV to A.
That privilege is grantable if and only if all the following are true:

1) The applicable privileges for A include grantable SELECT privileges on all of the
columns in CUCV.

2) The applicable privileges for A include grantable EXECUTE privileges on all SQL-
invoked routines that are subject routines of <routine invocation>s contained in
QE.

3) The applicable privileges forA include grantable SELECT privilege on every table
T1 and every methodM such that there is a <method reference>MR contained
in QE such that T1 is in the scope of the <value expression primary> ofMR and
M is the method identified by the <method name> ofMR.
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4) The applicable privileges for A include grantable SELECTWITH HIERARCHY
OPTIONprivilegeonat least one supertable of the scoped table of every<reference
resolution> that is contained in QE.

ii) If, for each columnCUCVC inCUCV, the applicable privileges forA includeREFERENCES
privilege on CUCVC, and if, for every table UTT in UT, the applicable privileges for A
include REFERENCES on some column in UTT, then a column privilege descriptor is
created that defines the REFERENCES privilege on CV to A. That privilege is grantable
if and only if all the following are true:

1) The applicable privileges for A include grantable REFERENCES privileges on all
of the columns in CUCV.

2) The applicable privileges for A include grantable EXECUTE privileges on all SQL-
invoked routines that are subject routines of <routine invocation>s contained in
QE.

3) The applicable privileges forA include grantable SELECT privilege on every table
T1 and every methodM such that there is a <method reference>MR contained
in QE such that T1 is in the scope of the <value expression primary> ofMR and
M is the method identified by the <method name> ofMR.

4) The applicable privileges for A include grantable SELECTWITH HIERARCHY
OPTIONprivilegeonat least one supertable of the scoped table of every<reference
resolution> that is contained in QE.

4) A privilege descriptor is created that defines the privilege SELECT on V to A. That privilege is
grantable if and only if the applicable privileges for A include grantable SELECT privilege on every
column of V. The grantor of that privilege descriptor is set to the special grantor value "_SYSTEM".

5) A privilege descriptor is created that defines the privilege TRIGGER on V to A. That privilege is not
grantable. The grantor of that privilege descriptor is set to the special grantor value "_SYSTEM".

6) If the applicable privileges forA includeREFERENCESprivilege on every columnofV, then aprivilege
descriptor is created that defines the privilege REFERENCES on V to A. That privilege is grantable
if and only if the applicable privileges for A include grantable REFERENCES privilege on every
column of V. The grantor of that privilege descriptor is set to the special grantor value "_SYSTEM".

7) If V is effectively updatable, then the General Rules of Subclause 9.39, “Determination of view
privileges”, are applied with V as VIEW.

8) If V is a referenceable view, then a set of privilege descriptors with the grantor for each set to the
special grantor value "_SYSTEM" are created as follows:

a) Aprivilege descriptor is created that defines the SELECTWITHHIERARCHYOPTIONprivilege
on V to A. That privilege is grantable.

b) For every methodM of the structured type identified by <path-resolved user-defined type
name>, a privilegedescriptor is created that defines the SELECTprivilegeon the table/privilege
pair consisting of table V and methodM to A. That privilege is grantable.

c) Case:

i) If <subview clause> is not specified, then a privilege descriptor is created that defines
the UNDER privilege on V to A. That privilege is grantable.

ii) Otherwise, a privilege descriptor is created that defines the UNDER privilege on V to
A. That privilege is grantable if and only if the applicable privileges for A include
grantable UNDER privilege on the direct supertable of V.
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9) If <subview clause> is specified, then let ST be the set of supertables of V. Let PDS be the set of
privilege descriptors that define SELECTWITH HIERARCHY OPTION privilege on a table in ST.

10) For every privilege descriptor in PDS, with grantee G and grantor A,

Case:

a) If the privilege is grantable, then letWGO be “WITH GRANT OPTION”.

b) Otherwise, letWGO be the zero-length character string.

The following <grant statement> is effectively executed without further Access Rule checking:

GRANT SELECT ON VN TO G WGO FROM A

11) If <subview clause> is specified, then for every proper superview SUPERV of V, the General Rules
of Subclause 9.38, “Generation of the hierarchical <query expression> of a view”, are applied with
SUPERV as VIEW.

NOTE 593— As a consequence of rewriting the hierarchical <query expression> of SUPERV, the interpretation of a
reference to SUPERV in a <table reference> that does not specify ONLY has changed.

12) If the character representation of the user-specified <query expression> cannot be represented in
the Information Schemawithout truncation, then a completion condition is raised:warning—query
expression too long for information schema (0100A).

NOTE 594— The Information Schema is defined in ISO/IEC 9075-11.

Conformance Rules

1) Without Feature T131, “Recursive query”, conforming SQL language shall not contain a <view
definition> that immediately contains RECURSIVE.

2) Without Feature F751, “View CHECK enhancements”, conforming SQL language shall not contain
a <levels clause>.

3) Without Feature S043, “Enhanced reference types”, conforming SQL language shall not contain a
<referenceable view specification>.

4) Without Feature F751, “View CHECK enhancements”, conforming SQL language shall not contain
<view definition> that contains a <query expression> that contains a <query expression> and con-
tains CHECK OPTION.

5) Without Feature F751, “View CHECK enhancements”, in conforming SQL language, if the <view
definition>, or any supertable of the viewed table, specifies CASCADED CHECK OPTION, then the
viewed table shall be simply updatable.

6) Without Feature F852, “Top-level ORDER BY in views”, in conforming SQL language, a <query
expression> immediately contained in a <view definition> shall not immediately contain an <order
by clause>.

7) Without Feature F864, “Top-level OFFSET in views”, in conforming SQL language, a <query
expression> immediately contained in a <view definition> shall not immediately contain a <result
offset clause>.

8) Without Feature F859, “Top-level FETCH FIRST in views”, in conforming SQL language, a <query
expression> immediately contained in a <view definition> shall not immediately contain a <fetch
first clause>.

9) 14 15Without Feature S081, “Subtables”, conforming SQL language shall not contain a <subview
clause>.
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11.33 <drop view statement>
This Subclause is modified by Subclause 10.12, “<drop view statement>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 11.7, “<drop view statement>”, in ISO/IEC 9075-16.

Function

Destroy a view.

Format
<drop view statement> ::=
DROP VIEW <table name> <drop behavior>

Syntax Rules

1) Let V be the table identified by the <table name> and let VN be that <table name>. The schema
identified by the explicit or implicit <schema name> of VN shall include the descriptor of V.

2) V shall be a viewed table.

3) An impacted dereference operation is any of the following:

a) A <dereference operation> DO, where V is the scope of the reference type of the <reference
value expression> immediately contained in DO.

b) A <method reference>MR, where V is the scope of the reference type of the <value expression
primary> immediately contained inMR.

c) A <reference resolution>RR, whereV is the scope of the reference type of the <reference value
expression> immediately contained in RR.

4) If RESTRICT is specified, then V shall not have any proper subtables.

5) 04 If RESTRICT is specified, then V shall not be referenced and no impacted dereference operation
shall be contained in any of the following:

a) The original <query expression> of the view descriptor of any view other than V.

b) The <search condition> of any constraint descriptor or assertion descriptor.

c) The <triggered action> of any trigger descriptor.

d) 16The SQL routine body of any routine descriptor.
NOTE595—If CASCADE is specified, thenany suchdependent objectwill bedroppedby the executionof the<revoke
statement> and/or explicitly by the SQL-schema manipulation statements specified in the General Rules of this
Subclause.

6) If RESTRICT is specified and V is a referenceable view, then VN shall not be the scope included in a
reference type descriptor generally included in any of the following:

a) The attribute descriptor of an attribute of a user-defined type.

b) The column descriptor of a column of a table other than V.

c) The descriptor of an SQL parameter or the result type included in the routine descriptor of
any <SQL-invoked routine>.
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d) The descriptor of an SQL parameter or the result type included in a method specification
descriptor included in the user-defined type descriptor of any user-defined type.

e) The descriptor of any user-defined cast.
NOTE 596— A descriptor that “generally includes” another descriptor is defined in Subclause 6.3.4, “Descriptors”,
in ISO/IEC 9075-1.

7) Let A be the <authorization identifier> that owns the schema identified by the <schema name> of
the table identified by VN.

Access Rules

1) The enabled authorization identifier shall include A.

General Rules

1) Let SVN be the <table name> of any direct subview of V. The following <drop view statement> is
effectively executed without further Access Rule checking:

DROP VIEW SVN CASCADE

2) The following <revoke statement> is effectively executed with a current authorization identifier of
"_SYSTEM" and without further Access Rule checking:

REVOKE ALL PRIVILEGES ON VN FROM A CASCADE

3) If V is a referenceable view, then:

a) For every reference type descriptor RTD that includes a scope of VN and is generally included
in any of the following:

i) The attribute descriptor of an attribute of a user-defined type.

ii) The column descriptor of a column of a table other than V.

iii) Thedescriptor of an SQLparameter or the result type included in the routine descriptor
of any SQL-invoked routine.

iv) Thedescriptor of an SQLparameter or the result type included in amethod specification
descriptor included in the user-defined type descriptor of any user-defined type.

v) The descriptor of any user-defined cast.

the scope of RTD is made empty.

b) Let SOD be the descriptor of a schema object dependent on the view descriptor of V.
NOTE 597— A descriptor that “depends on” another descriptor is defined in Subclause 6.3.4, “Descriptors”,
in ISO/IEC 9075-1.

Case:

i) If SOD is a view descriptor, then let SON be the name of the view included in SOD. The
following <drop view statement> is effectively executed without further Access Rule
checking:

DROP VIEW SON CASCADE
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ii) If SOD is an assertion descriptor, then let SON be the name of the constraint included
in SOD. The following<dropassertion statement> is effectively executedwithout further
Access Rule checking:

DROP ASSERTION SON CASCADE

iii) If SOD is a table constraint descriptor, then let SON be the name of the constraint
included in SOD. Let CTN be the <table name> included in the table descriptor that
includes SOD. The following <alter table statement> is effectively executed without
further Access Rule checking:

ALTER TABLE CTN DROP CONSTRAINT SON CASCADE

iv) If SOD is a routine descriptor, then let SON be the specific name included in SOD. The
following <drop routine statement> is effectively executedwithout furtherAccessRule
checking:

DROP SPECIFIC ROUTINE SON CASCADE

v) If SOD is a trigger descriptor, then let SON be the trigger name included in SOD. The
following <drop trigger statement> is effectively executedwithout further Access Rule
checking:

DROP TRIGGER SON

4) If V has a direct supertable DST, then:

a) The table name of V is removed from the list of table names of direct subtables of DST that is
included in the table descriptor of DST.

b) For every superview SV of DST (including DST itself), the General Rules of Subclause 9.38,
“Generation of the hierarchical <query expression> of a view”, are applied with SV as VIEW.

5) The descriptor of V is destroyed.

Conformance Rules

1) Without Feature F032, “CASCADE drop behavior”, conforming SQL language shall not contain a
<drop view statement> that contains a <drop behavior> that contains CASCADE.
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11.34 <domain definition>
This Subclause is modified by Subclause 10.8, “<domain definition>”, in ISO/IEC 9075-9.

Function

Define a domain.

Format
<domain definition> ::=
CREATE DOMAIN <domain name> [ AS ] <predefined type>
    [ <default clause> ]
    [ <domain constraint>... ]
    [ <collate clause> ]

<domain constraint> ::=
[ <constraint name definition> ] <check constraint definition> [

<constraint characteristics> ]

Syntax Rules

1) 09If a <domaindefinition> is contained in a<schemadefinition>, and if the<domainname>contains
a <schemaname>, then that <schemaname> shall be equivalent to the specifiedor implicit <schema
name> of the containing <schema definition>.

2) If <constraint name definition> is specified and its <constraint name> contains a <schema name>,
then that <schema name> shall be equivalent to the explicit or implicit <schema name> of the
<domain name> of the domain identified by the containing <domain definition> or <alter domain
statement>.

3) The schema identified by the explicit or implicit <schema name> of the <domain name> shall not
includeadomaindescriptorwhosedomainname is equivalent to<domainname>nor auser-defined
type descriptor whose user-defined type name is equivalent to <domain name>.

4) If <predefined type> specifies a <character string type> anddoes not specify <character set specific-
ation>, then the character set name of the default character set of the schema identified by the
implicit or explicit <schema name> of <domain name> is implicit.

5) <collate clause> shall not be both specified in <predefined type> and immediately contained in
<domain definition>. If <collate clause> is immediately contained in <domain definition>, then it
is equivalent to specifying an equivalent <collate clause> in <predefined type>.

6) LetD1be somedomain.D1 is in usage by a domain constraintDC if and only if the <search condition>
of DC generally contains the <domain name> either of D1 or of some domain D2 such that D1 is in
usage by some domain constraint of D2. No domain shall be in usage by any of its own constraints.

7) If <collate clause> is specified, then <predefined type> shall be a character string type.

8) For every <domain constraint> specified:

a) If <constraint characteristics> is specified, then neither ENFORCEDnorNOTENFORCED shall
be specified.

b) If <constraint characteristics> is not specified, then INITIALLY IMMEDIATENOTDEFERRABLE
is implicit.
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c) If <constraint name definition> is not specified, then a <constraint name definition> that
contains an implementation-dependent (UV100) <constraint name> is implicit. The assigned
<constraint name> shall obey the Syntax Rules of an explicit <constraint name>.

d) Let S be the schema identified by the explicit or implicit <schema name> of the <constraint
name> contained in <domain constraint>. S shall not include a constraint descriptor whose
constraint name is <constraint name>.

Access Rules

1) If a <domain definition> is contained in an <SQL-client module definition>, then the enabled
authorization identifiers shall include the<authorization identifier> that owns the schema identified
by the implicit or explicit <schema name> of the <domain name>.

General Rules

1) A <domain definition> defines a domain.

2) A data type descriptor is created that describes the declared type of the domain being created.

3) A domain descriptor is created that describes the domain being created. The domain descriptor
contains the name of the domain, the data type descriptor of the declared type, the value of the
<default clause> if the <domain definition> immediately contains <default clause>, and a domain
constraint descriptor for every immediately contained <domain constraint>.

4) A privilege descriptor is created that defines the USAGE privilege on this domain to the <authoriz-
ation identifier> A of the schema or SQL-client module in which the <domain definition> appears.
This privilege is grantable if and only if the applicable privileges for A include a grantable REFER-
ENCES privilege for each <column reference> contained in the <search condition> of every domain
constraint descriptor included in the domain descriptor and a grantable USAGE privilege for each
<domain name>, <collation name>, <character set name>, and <transliteration name> contained
in the <search condition> of every domain constraint descriptor included in the domain descriptor.
The grantor of the privilege descriptor is set to the special grantor value "_SYSTEM".

5) A domain constraint descriptor is created that describes the domain constraint being defined. The
domain constraint descriptor includes:

a) The <constraint name> contained in the explicit or implicit <constraint name definition>.

b) An indication of whether the constraint is deferrable or not deferrable.

c) An indicationofwhether the initial constraintmodeof the constraint is deferred or immediate.

d) The <search condition> contained in the <domain definition> as the template <search condi-
tion>.

e) The applicable <search condition>:

( 1=1 )

Conformance Rules

1) Without Feature F251, “Domain support”, conforming SQL language shall not contain a <domain
definition>.

2) Without Feature F692, “Extended collation support”, conforming SQL language shall not contain a
<domain definition> that immediately contains a <collate clause>.
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11.35 <alter domain statement>

Function

Change a domain and its definition.

Format
<alter domain statement> ::=
ALTER DOMAIN <domain name> <alter domain action>

<alter domain action> ::=
<set domain default clause>

| <drop domain default clause>
| <add domain constraint definition>
| <drop domain constraint definition>

Syntax Rules

1) LetD be the domain identified by <domain name>. The schema identified by the explicit or implicit
<schema name> of the <domain name> shall include the descriptor of D.

Access Rules

1) The enabled authorization identifiers shall include the <authorization identifier> that owns the
schema identified by the implicit or explicit <schema name> of <domain name>.

General Rules

1) The domain descriptor of D is modified as specified by <alter domain action>.
NOTE 598— The changed domain descriptor of D is applicable to every column that is dependent on D.

Conformance Rules

1) Without Feature F711, “ALTER domain”, conforming SQL language shall not contain an <alter
domain statement>.
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11.36 <set domain default clause>

Function

Set the default value in a domain.

Format
<set domain default clause> ::=
SET <default clause>

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let D be the domain identified by the <domain name> in the containing <alter domain statement>.

2) The default value specified by the <default clause> is placed in the domain descriptor of D.

Conformance Rules

1) Without Feature F711, “ALTER domain”, conforming SQL language shall not contain a <set domain
default clause>.
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11.37 <drop domain default clause>

Function

Remove the default clause of a domain.

Format
<drop domain default clause> ::=
DROP DEFAULT

Syntax Rules

1) Let D be the domain identified by the <domain name> in the containing <alter domain statement>.

2) The descriptor of D shall contain a default value.

Access Rules

None.

General Rules

1) Let C be the set of columns whose column descriptors contain the <domain name> that identifies
D.

2) For every column belonging to C, if the column descriptor does not already contain a default value,
then the default value from the domain descriptor of D is placed in that column descriptor.

3) The default value is removed from the domain descriptor of D.

Conformance Rules

1) Without Feature F711, “ALTERdomain”, conforming SQL language shall not contain a <dropdomain
default clause>.
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11.38 <add domain constraint definition>

Function

Add a constraint to a domain.

Format
<add domain constraint definition> ::=
ADD <domain constraint>

Syntax Rules

1) Let D be the domain identified by the <domain name> in the <alter domain statement>.

2) LetD1be somedomain.D1 is in usage by a domain constraintDC if and only if the <search condition>
of DC generally contains the <domain name> either of D1 or of some domain D2 such that D1 is in
usage by some domain constraint of D2. No domain shall be in usage by any of its own constraints.

3) D shall not be included in the columndescriptor of any columnof any global temporary table, created
local temporary table, or declared local temporary table.

Access Rules

None.

General Rules

1) The constraint descriptor of the <domain constraint> is added to the domain descriptor of D.

2) If DC causes some column CN to be known not nullable and no other constraint causes CN to be
known not nullable, then the nullability characteristic of the column descriptor of CN is changed to
known not nullable.

NOTE599—The nullability characteristic of a column is defined in Subclause 4.15, “Columns, fields, and attributes”.

Conformance Rules

1) WithoutFeatureF711, “ALTERdomain”, conformingSQL language shall not contain an<adddomain
constraint definition>.
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11.39 <drop domain constraint definition>

Function

Destroy a constraint on a domain.

Format
<drop domain constraint definition> ::=
DROP CONSTRAINT <constraint name>

Syntax Rules

1) LetDbe thedomain identifiedby the<domainname>DN in the containing<alterdomain statement>.

2) Let DC be the descriptor of the constraint identified by <constraint name>.

3) DC shall be included in the domain descriptor of D.

Access Rules

None.

General Rules

1) The constraint descriptor DC is removed from the domain descriptor of D.

2) If DC causes some column CN to be known not nullable and no other constraint causes CN to be
known not nullable, then the nullability characteristic of the column descriptor of CN is changed to
possibly nullable.

NOTE600—The nullability characteristic of a column is defined in Subclause 4.15, “Columns, fields, and attributes”.

3) The descriptor of DC is destroyed.

Conformance Rules

1) Without Feature F711, “ALTERdomain”, conforming SQL language shall not contain a <dropdomain
constraint definition>.

2) Without Feature F491, “Constraint management”, conforming SQL language shall not contain a
<drop domain constraint definition>.

© ISO/IEC 2023 – All rights reserved 939

ISO/IEC 9075-2:2023(E)
11.39 <drop domain constraint definition>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


11.40 <drop domain statement>
This Subclause is modified by Subclause 10.13, “<drop domain statement>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 11.8, “<drop domain statement>”, in ISO/IEC 9075-16.

Function

Destroy a domain.

Format
<drop domain statement> ::=
DROP DOMAIN <domain name> <drop behavior>

Syntax Rules

1) Let D be the domain identified by <domain name> and let DN be that <domain name>. The schema
identified by the explicit or implicit <schema name> of DN shall include the descriptor of D.

2) 04 If RESTRICT is specified, then D shall not be referenced in any of the following:

a) A column descriptor.

b) The original <query expression> of any view descriptor.

c) The <search condition> of any constraint descriptor.

d) 16The SQL routine body of any routine descriptor.

3) Let UA be the <authorization identifier> that owns the schema identified by the <schema name> of
the domain identified by DN.

Access Rules

1) The enabled authorization identifiers shall include UA.

General Rules

1) For every column descriptor CD that includes DN:

a) Let T be the table described by the table descriptor that includes CD, and let TN be the table
name of T.

b) CD is modified as follows:

i) DN is removed from CD. A copy of the data type descriptor of D is included in CD.

ii) If CD does not include a <default clause> and the domain descriptor of D includes a
<default clause>, then a copy of the <default clause> of D is included in CD.

iii) For every domain constraint descriptor DCD included in the domain descriptor of D,
for every domain constraint usage descriptor DCU included in DCD:

1) Let SC be the applicable <search condition> included in DCU.
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2) Let TCD be a <table constraint definition> consisting of a <constraint name
definition> whose <constraint name> is implementation-dependent (UV100),
whose <constraint characteristics> are the <constraint characteristics> of the
domain constraint descriptor, and whose <table constraint> is:

CHECK ( SC )

3) If the applicable privileges for UA include all of the privileges necessary for UA
to successfully execute the <alter table statement>

ALTER TABLE TN ADD TCD

then the following <alter table statement> is effectively executed with a current
authorization identifier of UA:

ALTER TABLE TN ADD TCD

2) The following <revoke statement> is effectively executed with a current authorization identifier of
"_SYSTEM" and without further Access Rule checking:

REVOKE USAGE ON DOMAIN DN
FROM UA CASCADE

3) The descriptor of D is destroyed.

Conformance Rules

1) Without Feature F251, “Domain support”, conforming SQL language shall not contain a <drop
domain statement>.
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11.41 <character set definition>

Function

Define a character set.

Format
<character set definition> ::=
CREATE CHARACTER SET <character set name> [ AS ]

<character set source> [ <collate clause> ]

<character set source> ::=
GET <character set specification>

Syntax Rules

1) If a <character set definition> is contained in a <schemadefinition> and if the <character set name>
immediately contained in the <character set definition> contains a <schema name>, then that
<schema name> shall be equivalent to the specified or implicit <schema name> of the <schema
definition>.

2) The schema identified by the explicit or implicit <schema name> of the <character set name> shall
not include a character set descriptor whose character set name is <character set name>.

3) The character set CS identified by the <character set specification> contained in <character set
source> shall have been associated with a privilege descriptor that was effectively defined by the
<grant statement>

GRANT USAGE ON CHARACTER SET CSN TO PUBLIC

where CSN is a <character set name> that identifies CS.

4) If <collate clause> is specified, then the <collation name> contained in <collate clause> shall identify
a collationdescriptorCD included in the schema identifiedby the explicit or implicit <schemaname>
contained in the <collation name>. The collation shall be applicable to the character repertoire of
the character set identified by <character set source>. The list of applicable character set names
included in CD shall include one that identifies CS.

5) Let A be the <authorization identifier> that owns the schema identified by the implicit or explicit
<schema name> of <character set name>.

Access Rules

1) If a <character set definition> is contained in an <SQL-client module definition>, then the enabled
authorization identifiers shall include A.

2) The applicable privileges forA shall includeUSAGEon the character set identified by the <character
set specification>.

General Rules

1) A <character set definition> defines a character set.

2) A character set descriptor is created for the defined character set.
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3) The descriptor created for the character set being defined is identical to the descriptor for the
character set identifiedby<character set specification>, except that the included character set name
is <character set name> and, if <collate clause> is specified, then the included name of the default
collation is the <collation name> contained in <collate clause>.

4) A privilege descriptor is created that defines the USAGE privilege on this character set to the
<authorization identifier> of the <schema definition> or <SQL-client module definition> in which
the <character set definition> appears. The grantor of the privilege descriptor is set to the special
grantor value "_SYSTEM". This privilege is grantable.

Conformance Rules

1) Without Feature F451, “Character set definition”, conforming SQL language shall not contain a
<character set definition>.
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11.42 <drop character set statement>
This Subclause is modified by Subclause 10.14, “<drop character set statement>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 11.9, “<drop character set statement>”, in ISO/IEC 9075-16.

Function

Destroy a character set.

Format
<drop character set statement> ::=
DROP CHARACTER SET <character set name>

Syntax Rules

1) Let C be the character set identified by the <character set name> and let CN be the name of C.

2) The schema identified by the explicit or implicit <schema name> of CN shall include the descriptor
of C.

3) The explicit or implicit <schema name> contained in CN shall not be equivalent to INFORMA-
TION_SCHEMA.

4) 04 C shall not be referenced in any of the following:

a) The data type descriptor included in any column descriptor.

b) The data type descriptor included in any domain descriptor.

c) The data type descriptor generally included in any user-defined type descriptor.

d) The data type descriptor included in any field descriptor.

e) The original <query expression> of any view descriptor.

f) The <search condition> of any constraint descriptor.

g) The collation descriptor of any collation.

h) The transliteration descriptor of any transliteration.

i) The SQL routine body, the <SQL parameter declaration>s, or the <returns data type> of any
routine descriptor.

j) 16The <SQL parameter declaration>s or <returns data type> of any method specification
descriptor.

5) Let the containing schema be the schema identified by the <schema name> explicitly or implicitly
contained in <character set name>.

Access Rules

1) Let A be the <authorization identifier> that owns the schema identified by the <schema name> of
the character set identified by C. The enabled authorization identifiers shall include A.
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General Rules

1) If C is the current default character set of any active or dormant SQL-session, then an exception
condition is raised: invalid character set name (2C000).

2) The following <revoke statement> is effectively executed with a current authorization identifier of
"_SYSTEM" and without further Access Rule checking:

REVOKE USAGE ON CHARACTER SET CN
FROM A CASCADE

3) The descriptor of C is destroyed.

Conformance Rules

1) Without Feature F451, “Character set definition”, conforming SQL language shall not contain a
<drop character set statement>.

© ISO/IEC 2023 – All rights reserved 945

ISO/IEC 9075-2:2023(E)
11.42 <drop character set statement>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


11.43 <collation definition>

Function

Define a collation.

Format
<collation definition> ::=
CREATE COLLATION <collation name> FOR <character set specification>

FROM <existing collation name> [ <pad characteristic> ]

<existing collation name> ::=
<collation name>

<pad characteristic> ::=
NO PAD

| PAD SPACE

Syntax Rules

1) Let A be the <authorization identifier> that owns the schema identified by the implicit or explicit
<schema name> of the <collation name>.

2) If a <collation definition> is contained in a <schema definition> and if the <collation name> imme-
diately contained in the <collationdefinition> contains a <schemaname>, then that <schemaname>
shall be equivalent to the specified or implicit <schema name> of the <schema definition>.

3) The schema identified by the explicit or implicit <schema name> of the <collation name> CN
immediately contained in <collation definition> shall not include a collation descriptor whose col-
lation name is CN.

4) The schema identified by the explicit or implicit <schema name> of the <collation name> ECN
immediately contained in <existing collation name> shall include a collation descriptor whose col-
lation name is ECN.

5) The collation identifiedbyECN shall be a collationwhose descriptor includes a character repertoire
name that is equivalent to that included in thedescriptor of the character set identifiedby<character
set specification>.

6) If <pad characteristic> is not specified, then the <pad characteristic> of the collation identified by
ECN is implicit.

7) If NO PAD is specified, then the collation is said to have the NO PAD characteristic. If PAD SPACE is
specified, then the collation is said to have the PAD SPACE characteristic.

Access Rules

1) If a <collation definition> is contained in an <SQL-client module definition>, then the enabled
authorization identifiers shall include A.

2) The applicable privileges for A shall include USAGE on ECN.
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General Rules

1) A <collation definition> defines a collation.

2) A privilege descriptor is created that defines theUSAGEprivilege on this collation forA. The grantor
of the privilege descriptor is set to the special grantor value "_SYSTEM".

3) This privilege descriptor is grantable if and only if the USAGE privilege for A on the collation iden-
tified by ECN is grantable.

4) A collation descriptor is created for the defined collation.

5) The collation descriptor CD created is identical to the collation descriptor for ECN, except that the
collation name included in CD is CN and, if <pad characteristic> is specified, then the pad character-
istic included in CD is <pad characteristic>.

Conformance Rules

1) Without Feature F690, “Collation support”, conforming SQL language shall not contain a <collation
definition>.
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11.44 <drop collation statement>
This Subclause is modified by Subclause 10.15, “<drop collation statement>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 11.10, “<drop collation statement>”, in ISO/IEC 9075-16.

Function

Destroy a collation.

Format
<drop collation statement> ::=
DROP COLLATION <collation name> <drop behavior>

Syntax Rules

1) Let C be the collation identified by the <collation name> and let CN be the name of C.

2) The schema identified by the explicit or implicit <schema name> of CN shall include the descriptor
of C.

3) The explicit or implicit <schema name> contained in CN shall not be equivalent to INFORMA-
TION_SCHEMA.

4) 04 If RESTRICT is specified, then C shall not be referenced in any of the following:

a) Any character set descriptor.

b) The triggered action of any trigger descriptor.

c) The original <query expression> of any view descriptor.

d) The <search condition> of any constraint descriptor.

e) The SQL routine body, the <SQL parameter declaration>s, or the <returns data type> of any
routine descriptor.

f) 16The <SQL parameter declaration>s or the <returns data type> of any method specification
descriptor.

5) Let A be the <authorization identifier> that owns the schema identified by the <schema name> of
the collation identified by C.

6) Let the containing schema be the schema identified by the <schema name> explicitly or implicitly
contained in <collation name>.

Access Rules

1) The enabled authorization identifiers shall include A.

General Rules

1) For every character set descriptorCSD that includesCN,CSD ismodified such that it does not include
CN; if CSD does not include any collation name, then CSD is modified to indicate that it utilizes the
default collation for its character repertoire.
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2) For every data typedescriptorDD that includesCN,DD ismodified such that it includes the collation
name of the character set collation of the character set of DD.

NOTE 601— This causes the column, domain, attribute, or field described by DD to revert to the default collation
for its character set.

3) The following <revoke statement> is effectively executed with a current authorization identifier of
"_SYSTEM" and without further Access Rule checking:

REVOKE USAGE ON COLLATION CN
FROM A CASCADE

4) The descriptor of C is destroyed.

Conformance Rules

1) Without Feature F690, “Collation support”, conforming SQL language shall not contain a <drop
collation statement>.
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11.45 <transliteration definition>

Function

Define a character transliteration.

Format
<transliteration definition> ::=
CREATE TRANSLATION <transliteration name> FOR <source character set specification>

TO <target character set specification> FROM <transliteration source>

<source character set specification> ::=
<character set specification>

<target character set specification> ::=
<character set specification>

<transliteration source> ::=
<existing transliteration name>

| <transliteration routine>

<existing transliteration name> ::=
<transliteration name>

<transliteration routine> ::=
<specific routine designator>

Syntax Rules

1) If a <transliteration definition> is contained in a <schema definition> and if the <transliteration
name> immediately contained in the <transliteration definition> contains a <schema name>, then
that <schemaname> shall be equivalent to the specified or implicit <schemaname> of the <schema
definition>.

2) The schema identified by the explicit or implicit <schema name> of the <transliteration name> TN
immediately contained in <transliteration definition> shall not include a transliteration descriptor
whose transliteration name is TN.

3) The schema identified by the explicit or implicit <schema name> of the <character set name> SCSN
contained in the <character set specification> contained in <source character set specification>
shall include a character set descriptor whose character set name is SCSN.

4) The schema identified by the explicit or implicit <schema name> of the <character set name> TCSN
contained in the <character set specification> contained in <target character set specification> shall
include a character set descriptor whose character set name is TCSN.

5) If <existing transliteration name> ETN is specified, then:

a) The schema identified by the explicit or implicit <schema name> of ETN shall include a
transliteration descriptor whose transliteration name is ETN.

b) The character set identified by SCSN shall have the same character repertoire and character
encoding form as the source character set of the transliteration identified by ETN.

c) The character set identified by TCSN shall have the same character repertoire and character
encoding form as the target character set of the transliteration identified by ETN.
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6) If <transliteration routine> is specified, then:

a) The schema identified by the explicit or implicit <schema name> of the <specific routine
designator> SRD contained in <transliteration routine> shall include a routine descriptor that
identifies a routine having a <specific routine designator> SRD.

b) The routine identified by SRD shall be an SQL-invoked function that has one parameterwhose
declared type is character string and whose character set is the character set specified by
SCSN; the <returns type> of the routine shall be character string whose character set is the
character set specified by TCSN.

Access Rules

1) Let A be the <authorization identifier> that owns the schema identified by the implicit or explicit
<schemaname>of <transliteration name>. If a <transliteration definition> is contained in an <SQL-
client module definition>, then the enabled authorization identifiers shall include A.

2) If <existing transliteration name> is specified, then the applicable privileges for A shall include
USAGE on the transliteration identified by ETN.

3) If <transliteration routine> is specified, then the applicable privileges for A shall include EXECUTE
on the routine identified by SRD.

General Rules

1) A <transliteration definition> defines a transliteration.

2) If <transliteration source> contains <existing transliteration name>, then let SRDN be the specific
name included in the transliteration descriptor whose transliteration name is TN; otherwise, let
SRDN be the specific name of the SQL-invoked routine identified by <transliteration routine>.

3) A transliteration descriptor is created that includes:

a) The name of the transliteration TN.

b) The name of the character set SCSN from which it translates.

c) The name of the character set TCSN to which it translates.

d) SRDN, the specific name of the SQL-invoked routine that performs the transliteration.

4) A privilege descriptor PD is created that defines the USAGE privilege on this transliteration to the
<authorization identifier> of the <schema definition> or <SQL-client module definition> in which
the <transliteration definition> appears. The grantor of the privilege descriptor is set to the special
grantor value "_SYSTEM".

5) PD is grantable if and only if the USAGE privilege for the <authorization identifier> of the <schema
definition> or <SQL-client module definition> in which the <transliteration definition> appears is
also grantable on every character set identified by a <character set name> contained in the
<transliteration definition>.

Conformance Rules

1) Without Feature F695, “Translation support”, conforming SQL language shall not contain a
<transliteration definition>.
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11.46 <drop transliteration statement>
This Subclause is modified by Subclause 10.16, “<drop transliteration statement>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 11.11, “<drop transliteration statement>”, in ISO/IEC 9075-16.

Function

Destroy a character transliteration.

Format
<drop transliteration statement> ::=
DROP TRANSLATION <transliteration name>

Syntax Rules

1) Let T be the transliteration identified by the <transliteration name> and let TN be the name of T.

2) Let A be the <authorization identifier> that owns the schema identified by the <schema name> of
the transliteration identified by TN.

3) 04The schema identifiedby the explicit or implicit <schemaname>ofTN shall include thedescriptor
of T.

4) T shall not be referenced in any of the following:

a) The triggered action of any trigger descriptor.

b) The original <query expression> of any view descriptor.

c) The <search condition> of any constraint descriptor.

d) The collation descriptor of any collation.

e) The transliteration descriptor of any translation.

f) 16The SQL routine body of any routine descriptor.

Access Rules

1) The enabled authorization identifiers shall include A.

General Rules

1) The following <revoke statement> is effectively executed with a current authorization identifier of
"_SYSTEM" and without further Access Rule checking:

REVOKE USAGE ON TRANSLATION TN
FROM A CASCADE

2) The descriptor of T is destroyed.
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Conformance Rules

1) Without Feature F695, “Translation support”, conforming SQL language shall not contain a <drop
transliteration statement>.
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11.47 <assertion definition>
This Subclause is modified by Subclause 10.17, “<assertion definition>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 10.9, “<assertion definition>”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 12.5, “<assertion definition>”, in ISO/IEC 9075-14.

Function

Specify an integrity constraint.

Format
14 <assertion definition> ::=
CREATE ASSERTION <constraint name>

CHECK <left paren> <search condition> <right paren>
    [ <constraint characteristics> ]

Syntax Rules

1) If an <assertion definition> is contained in a <schema definition> and if the <constraint name>
contains a <schema name>, then that <schema name> shall be equivalent to the explicit or implicit
<schema name> of the containing <schema definition>.

2) The schema identified by the explicit or implicit <schema name> of the <constraint name> shall
not include a constraint descriptor whose constraint name is <constraint name>.

3) If <constraint characteristics> is specified, then neither ENFORCED nor NOT ENFORCED shall be
specified.

4) If <constraint characteristics> is not specified, then INITIALLY IMMEDIATE NOT DEFERRABLE is
implicit.

5) 04The <search condition> shall not contain a <host parameter name>, an <SQL parameter name>,
an<embeddedvariable specification>, a<dynamicparameter specification>, or a<columnreference>
that references a system-timeperiod start columnora system-timeperiodendcolumnof any system-
versioned table.

NOTE 602— <SQL parameter name> is excluded because of the scoping rules for <SQL parameter name>.

6) No <query expression> in the <search condition> shall reference a temporary table.

7) The <boolean value expression> that is simply contained in the <search condition> shall be retro-
spectively deterministic.

NOTE 603— “retrospectively deterministic” is defined in Subclause 6.46, “<boolean value expression>”.

8) The <search condition> shall not generally contain a <routine invocation> whose subject routine
is an SQL-invoked routine that possibly modifies SQL-data.

9) 09 14The<search condition> shall not generally contain a <routine invocation>whose subject routine
is an external routine that possibly reads SQL-data.

Access Rules

1) Let A be the <authorization identifier> that owns the schema identified by the <schema name> of
the <assertion definition>. If an <assertion definition> is contained in an <SQL-client module
definition>, then the enabled authorization identifier shall include A.
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General Rules

1) An <assertion definition> defines an assertion. An assertion is a constraint.

2) Let SC be the <search condition> simply contained in the <assertion definition>.

3) Anassertiondescriptor is created thatdescribes theassertionbeingdefined.Thisdescriptor includes:

a) The <constraint name>.

b) Whether the constraint is deferrable or not deferrable, as specified in <constraint character-
istics>.

c) The initial constraint mode, as specified in <constraint characteristics>.

d) The applicable <search condition> SC.

4) If the character representation of SC cannot be represented in the Information Schema without
truncation, thena completion condition is raised:warning—search condition too long for information
schema (01009).

NOTE 604— The Information Schema is defined in ISO/IEC 9075-11.

5) If SC causes some column CN be to known not nullable and no other constraint causes CN to be
known not nullable, then the nullability characteristic of CN is changed to known not nullable.

NOTE605—The nullability characteristic of a column is defined in Subclause 4.15, “Columns, fields, and attributes”.

6) If any of the <query expression>s contained in SC references a system-versioned table T, only those
rowsofT that correspond to the current system rows are consideredwhile evaluating the assertion.

Conformance Rules

1) Without Feature F521, “Assertions”, conforming SQL language shall not contain an <assertion
definition>.

2) 14Without Feature F672, “Retrospective CHECK constraints”, conforming SQL language shall not
contain an <assertion definition> that contains a potential source of non-determinism.
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11.48 <drop assertion statement>
This Subclause is modified by Subclause 10.18, “<drop assertion statement>”, in ISO/IEC 9075-4.

Function

Destroy an assertion.

Format
<drop assertion statement> ::=
DROP ASSERTION <constraint name> [ <drop behavior> ]

Syntax Rules

1) Let A be the assertion identified by <constraint name> and let AN be the name of A.

2) The schema identified by the explicit or implicit <schema name> of AN shall include the descriptor
of A.

3) If <drop behavior> is not specified, then RESTRICT is implicit.

4) If RESTRICT is specified or implied, then AN shall not be referenced in the SQL routine body of any
routine descriptor.

5) If QS is a <query specification> that contains a column reference to a column C in its <select list>
that is not contained in a <set function specification>, and if G is the set of columns defined by the
<grouping column reference list> of QS, and if the assertion A is needed to conclude that G ↦ C is a
known functional dependency in QS, then QS is said to be dependent on A.

6) If V is a view that contains a <query specification> that is dependent on A, then V is said to be
dependent on A.

7) IfR is an SQL routinewhose <SQL routine body> contains a <query specification> that is dependent
on A, then R is said to be dependent on A.

8) If C is a constraint or assertion whose <search condition> contains a <query specification> that is
dependent on A, then C is said to be dependent on A.

9) IfT is a triggerwhose triggered action contains a <query specification> that is dependent onA, then
T is said to be dependent on A.

10) If RESTRICT is specified or implicit, or <drop behavior> is not specified, then:

a) No table constraint shall be dependent on A.

b) No view shall be dependent on A.

c) No SQL routine shall be dependent on A.

d) No constraint or assertion shall be dependent on A.

e) No trigger shall be dependent on A.
NOTE606—If CASCADE is specified, thenany suchdependent objectwill bedroppedby the executionof the<revoke
statement> and/or explicitly by the SQL-schema manipulation statements specified in the General Rules of this
Subclause.
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Access Rules

1) The enabled authorization identifiers shall include the <authorization identifier> that owns the
schema identified by the <schema name> of the assertion identified by AN.

General Rules

1) Let RS be the set of all SQL-invoked routines whose routine descriptor contains the <constraint
name> of A in the <SQL routine body>.

2) For every routine R in RS:

a) Let SN be the <specific name> of R.

b) 04The following <drop routine statement> is effectively executedwithout further Access Rule
checking:

DROP SPECIFIC ROUTINE SN CASCADE

3) For every view V that is dependent on A:

a) Let VN be the table name of V.

b) The following <drop view statement> is effectively executed:

DROP VIEW VN CASCADE

4) For every SQL routine SR that is dependent on A or that contains a reference to A:

a) Let SRN be the specific name of SR.

b) The following <drop routine statement> is effectively executed:

DROP SPECIFIC ROUTINE SRN CASCADE

5) For every table constraint C that is dependent on A:

a) Let CN be the constraint name of C and let TN be the name of the table constrained by C.

b) The following <alter table statement> is effectively executed:

ALTER TABLE TN DROP CONSTRAINT CN CASCADE

6) For every assertion A2 that is dependent on A:

a) Let AN2 be the constraint name of A2.

b) The following <drop assertion statement> is effectively executed:

DROP ASSERTION AN2 CASCADE

7) For every trigger T that is dependent on A:

a) Let TN be the trigger name of T.

b) The following <drop trigger statement> is effectively executed:

DROP TRIGGER TN
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8) Let SC be the <search condition> included in the descriptor of A. If SC causes some column CN be
to known not nullable and no other constraint causes CN to be known not nullable, then the nullab-
ility characteristic of CN is changed to possibly nullable.

NOTE607—The nullability characteristic of a column is defined in Subclause 4.15, “Columns, fields, and attributes”.

9) The descriptor of A is destroyed.

Conformance Rules

1) Without Feature F521, “Assertions”, conforming SQL language shall not contain a <drop assertion
statement>.
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11.49 <trigger definition>
This Subclause is modified by Subclause 10.19, “<trigger definition>”, in ISO/IEC 9075-4.

Function

Define triggered SQL-statements.

Format
<trigger definition> ::=
CREATE TRIGGER <trigger name> <trigger action time> <trigger event>

ON <table name> [ REFERENCING <transition table or variable list> ]
<triggered action>

<trigger action time> ::=
BEFORE

| AFTER
| INSTEAD OF

<trigger event> ::=
INSERT

| DELETE
| UPDATE [ OF <trigger column list> ]

<trigger column list> ::=
<column name list>

<triggered action> ::=
[ FOR EACH { ROW | STATEMENT } ]
    [ <triggered when clause> ]

<triggered SQL statement>

<triggered when clause> ::=
WHEN <left paren> <search condition> <right paren>

<triggered SQL statement> ::=
<SQL procedure statement>

| <compound triggered SQL statement>

<compound triggered SQL statement> ::=
BEGIN ATOMIC { <SQL procedure statement> <semicolon> }... END

<transition table or variable list> ::=
<transition table or variable>...

<transition table or variable> ::=
OLD [ ROW ] [ AS ] <old transition variable name>

| NEW [ ROW ] [ AS ] <new transition variable name>
| OLD TABLE [ AS ] <old transition table name>
| NEW TABLE [ AS ] <new transition table name>

<old transition table name> ::=
<transition table name>

<new transition table name> ::=
<transition table name>

<transition table name> ::=
<identifier>
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<old transition variable name> ::=
<correlation name>

<new transition variable name> ::=
<correlation name>

Syntax Rules

1) Case:

a) If a <triggerdefinition> is contained in a<schemadefinition>and if the<triggername>contains
a <schema name>, then that <schema name> shall be equivalent to the specified or implicit
<schema name> of the containing <schema definition>.

b) If a <trigger definition> is contained in an <SQL-client module definition> and if the <trigger
name>containsa<schemaname>, then that<schemaname>shall beequivalent to the specified
or implicit <schema name> of the <SQL-client module definition>.

2) LetTN be the <table name> of a <trigger definition>. The tableT identified byTN is the subject table
of the <trigger definition>.

3) The schema identified by the explicit or implicit <schema name> of TN shall include the descriptor
of T.

4) The schema identified by the explicit or implicit <schema name> of a <trigger name> TRN shall not
include a trigger descriptor whose trigger name is TRN.

5) Case:

a) If INSTEAD OF is specified, then T shall be a viewed table.

Case:

i) If <trigger event> specifies INSERT, then T shall not be trigger insertable-into.

ii) If <trigger event> specifies UPDATE, then T shall not be trigger updatable.

iii) If <trigger event> specifies DELETE, then T shall not be trigger deletable.

b) Otherwise, T shall be a base table that is not a declared local temporary table.

6) If a <trigger column list> is specified, then:

a) No <column name> shall appear more than once in the <trigger column list>.

b) The <column name>s of the <trigger column list> shall identify columns of T.

7) If REFERENCING is specified, then:

a) Let OR, OT, NR, and NT be the <old transition variable name>, <old transition table name>,
<new transition variable name>, and <new transition table name>, respectively.

b) OLD or OLDROW, NEWorNEWROW, OLDTABLE, andNEWTABLE shall be specified atmost
once each within the <transition table or variable list>.

c) Case:

i) If <trigger event> specifies INSERT, then neither OLD ROW nor OLD TABLE shall be
specified.

ii) If <trigger event> specifies DELETE, then neither NEW ROW nor NEW TABLE shall be
specified.

960 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
11.49 <trigger definition>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


d) No two of OR, OT, NR, and NT shall be equivalent.

e) BothOR andNR are range variables. The associated column lists ofOR andNR comprise every
column of the old transition table and the new transition table, respectively. The associated
period lists of OR and NR comprise every period of the old transition table and the new
transition table, respectively.

NOTE 608— “range variable” is defined in Subclause 4.17.11, “Range variables”.

f) The scope of OR, OT, NR, and NT is the <triggered action>, excluding any <SQL schema state-
ment>s that are contained in the <triggered action>.

8) If neither FOR EACH ROW nor FOR EACH STATEMENT is specified, then FOR EACH STATEMENT
is implicit.

9) If OR or NR is specified, then FOR EACH ROW shall be specified.

10) The <triggered action> shall not contain an <SQL parameter reference>, a <host parameter name>,
a <dynamic parameter specification>, or an <embedded variable name>.

11) The <triggered when clause> shall not generally contain a <routine invocation> whose subject
routine is an SQL-invoked routine that possibly modifies SQL-data.

12) If the descriptor ofT includes a system-timeperiod descriptor, then no <column reference> broadly
contained in the <triggered action> shall reference the system-time period start column of T or the
system-time period end column of T.

13) It is implementation-defined (IA046) whether the <triggered SQL statement> shall not broadly
contain an <SQL transaction statement>, an <SQL connection statement>, an <SQL schema state-
ment>, an <SQL dynamic statement>, or an <SQL session statement>.

NOTE 609— These kinds of statements are prohibited at runtime by Subclause 15.21, “Execution of triggers”,
GR 6)e)iii). It is implementation-defined (IA046) whether the check is made as a Syntax Rule check as well.

14) If BEFORE is specified, then:

a) It is implementation-defined (IA047) whether the <triggered action> shall not contain an
SQL-statement that possibly modifies SQL-data.

b) Neither OLD TABLE nor NEW TABLE shall be specified.

c) The <triggered action> shall not contain a <field reference> that references a field in the new
transition variable corresponding to a generated columnofT, system-timeperiod start column
of T, system-time period end column of T, ATPN period start column of T, or ATPN period end
columnofT, whereATPN is the<application timeperiodname> included in aperioddescriptor,
if any, contained in the descriptor of T.

15) 04 If INSTEAD OF is specified, then:

a) <triggered when clause> shall not be specified.

b) <trigger column list> shall not be specified.

c) <table name> shall not identify a view that is either recursive or referenceable, orwhose view
descriptor includes an indication that CHECK OPTION has been specified.

d) <table name> shall not identify a view that is identified by any generally underlying table
specification of the original <query expression> of a view whose view descriptor includes an
indication that CHECK OPTION has been specified.

e) <table name> shall not identify a view that is identifiedby a<target table>or<insertion target>
TT of a <data change statement> DCS contained in a <data change delta table> that specifies

© ISO/IEC 2023 – All rights reserved 961

ISO/IEC 9075-2:2023(E)
11.49 <trigger definition>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


FINAL, or is a target generally underlying table of TT, where DCS is contained in any of the
following:

i) The SQL routine body of any SQL routine.

ii) The triggered action of any trigger descriptor.

Access Rules

1) Let A be the <authorization identifier> that owns the schema identified by the implicit or explicit
<schemaname>of the<triggername>of the<triggerdefinition>. If a <triggerdefinition> is contained
in an <SQL-client module definition>, then the enabled authorization identifiers shall include A.

2) The applicable privileges for A shall include TRIGGER on T.

3) 04 If the <triggered action> TA of a <trigger definition> contains an <old transition table name>
OTTN, an <old transition variable name> OTVN, a <new transition table name> NTTN, or a <new
transition variable name> NTVN, then the applicable privileges for A shall include SELECT on T.

General Rules

1) A <trigger definition> defines a trigger.

2) OT identifies the old transition table. NT identifies the new transition table. OR identifies the old
transition variable. NR identifies the new transition variable.

NOTE 610— “old transition table”, “new transition table”, “old transition variable”, and “new transition variable”
are defined in Subclause 4.46.1, “General description of triggers”.

3) The transition table identified by OT is the table associated with OR. The transition table identified
by NT is the table associated with NR.

4) If the character representation of the <triggered SQL statement> cannot be represented in the
InformationSchemawithout truncation, then a completion condition is raised:warning—statement
too long for information schema (0100F).

NOTE 611— The Information Schema is defined in ISO/IEC 9075-11.

5) A trigger descriptor is created for <trigger definition>s as follows:

a) The trigger name included in the trigger descriptor is <trigger name>.

b) The subject table included in the trigger descriptor is <table name>.

c) The trigger action time included in the trigger descriptor is <trigger action time>.

d) If FOR EACH STATEMENT is specified or implicit, then an indication that the trigger is a
statement-level trigger is included in the trigger descriptor; otherwise, an indication that the
trigger is a row-level trigger is included in the trigger descriptor.

e) The trigger event included in the trigger descriptor is <trigger event>.

f) Any <old transition variable name>, <new transition variable name>, <old transition table
name>, or <new transition table name> specified in the <trigger definition> is included in the
trigger descriptor as the old transition variable name, new transition variable name, old
transition table name, or new transition table name, respectively.

g) The triggered action included in the trigger descriptor is the specified <triggered action>.

h) If a <trigger column list> TCL is specified, then TCL is the trigger column list included in the
trigger descriptor; otherwise, that trigger column list is empty.
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i) The triggered action column set included in the trigger descriptor is the set of all distinct, fully
qualified names of columns contained in the <triggered action>.

j) The timestamp of creation included in the trigger descriptor is the timestamp of creation of
the trigger.

6) If INSTEAD OF is specified, then:

a) Let VD be the view descriptor of the view V identified by TN. Let U be the <authorization
identifier> that owns the schema identified by the <schema name> of TN.

b) Case:

i) If the <trigger event> is INSERT, then

1) VD is modified to include an indication that V is trigger insertable-into.

2) A privilege descriptor is created that defines the privilege INSERT on V to U. This
privilege is grantable. The grantor of that privilege descriptor is set to the special
grantor value "_SYSTEM".

3) For each column C of V, a privilege descriptor is created that defines the privilege
INSERT on C to U. This privilege is grantable. The grantor of that privilege
descriptor is set to the special grantor value "_SYSTEM".

ii) If the <trigger event> is UPDATE, then

1) VD is modified to include an indication that V is trigger updatable.

2) A privilege descriptor is created that defines the privilege UPDATE onV toU. This
privilege is grantable. The grantor of that privilege descriptor is set to the special
grantor value "_SYSTEM".

3) For each column C of V, a privilege descriptor is created that defines the privilege
UPDATE on C to U. This privilege is grantable. The grantor of that privilege
descriptor is set to the special grantor value "_SYSTEM".

iii) If the <trigger event> is DELETE, then

1) VD is modified to include an indication that V is trigger deletable.

2) A privilege descriptor is created that defines the privilege DELETE on V toU. This
privilege is grantable. The grantor of that privilege descriptor is set to the special
grantor value "_SYSTEM".

Conformance Rules

1) Without Feature T200, “Trigger DDL”, conforming SQL language shall not contain a <trigger defin-
ition>.

2) Without Feature T212, “Enhanced trigger capability”, in conforming SQL language, a <triggered
action> shall contain FOR EACH ROW.

3) Without Feature T213, “INSTEADOF triggers”, in conforming SQL language, a <trigger action time>
shall not immediately contain INSTEAD OF.

4) Without Feature T214, “BEFORE triggers”, conforming SQL language shall not contain a <trigger
action time> that immediately contains BEFORE.

5) Without Feature T215, “AFTER triggers”, conforming SQL language shall not contain a <trigger
action time> that immediately contains AFTER.
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6) Without FeatureT216, “Ability to require true search conditionbefore trigger is invoked”, conforming
SQL language shall not contain a <triggered when clause>.
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11.50 <drop trigger statement>

Function

Destroy a trigger.

Format
<drop trigger statement> ::=
DROP TRIGGER <trigger name>

Syntax Rules

1) Let TR be the trigger identified by the <trigger name> and let TRN be the name of TR.

2) The schema identifiedby the explicit or implicit <schemaname>ofTRN shall include the descriptor
of TR.

Access Rules

1) Let A be the <authorization identifier> that owns the schema identified by the <schema name> of
TR. The enabled authorization identifiers shall include A.

General Rules

1) If TR is an INSTEAD OF trigger, then:

a) LetV be the subject table of TR. LetVD be the viewdescriptor ofV. LetVN be the <table name>
included in VD. Let QE be the original <query expression> included in VD. Let U be the
<authorization identifier> that owns the schema identified by the <schema name> of VN.

b) Case:

i) If TR is an insert INSTEAD OF trigger, then:

1) VD is modified to include an indication that V is not trigger insertable-into.

2) Case:

A) If V is not insertable-into, then the following <revoke statement> is effect-
ively executed with a current authorization identifier of "_SYSTEM" and
without further Access Rule checking:

REVOKE INSERT ON VN FROM U CASCADE

B) Otherwise:

I) The General Rules of Subclause 9.40, “Determination of view com-
ponent privileges”, are applied with V as VIEW; let a set of view
component privilege descriptors be the DESCRIPTOR SET returned
from the application of those General Rules.

II) Case:
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1) If there is no view component table privilege descriptorwhose
identified object is QE, whose action is INSERT, whose grantor
is "_SYSTEM", and whose grantee is U, then the following
<revoke statement> is effectively executed with a current
authorization identifier of "_SYSTEM" and without further
Access Rule checking:

REVOKE INSERT ON VN FROM U CASCADE

2) Otherwise, let VCTPD be the view component table privilege
descriptor whose identified object is QE, whose action is
INSERT, whose grantor is "_SYSTEM", and whose grantee is U.
If VCTPD indicates that the privilege is not grantable, then the
following <revoke statement> is effectively executed with a
current authorization identifier of "_SYSTEM" and without
further Access Rule checking:

REVOKE GRANT OPTION FOR INSERT ON VN FROM U CASCADE

ii) If TR is an update INSTEAD OF trigger, then:

1) VD is modified to include an indication that V is not trigger updatable.

2) Case:

A) If V is not effectively updatable, then the following <revoke statement> is
effectively executed with a current authorization identifier of "_SYSTEM"
and without further Access Rule checking:

REVOKE UPDATE ON VN FROM U CASCADE

B) Otherwise:

I) The General Rules of Subclause 9.40, “Determination of view com-
ponent privileges”, are applied with V as VIEW; let a set of view
component privilege descriptors be the DESCRIPTOR SET returned
from the application of those General Rules.

II) Case:

1) If there is no view component table privilege descriptorwhose
identified object isQE, whose action is UPDATE,whose grantor
is "_SYSTEM", and whose grantee is U, then the following
<revoke statement> is effectively executed with a current
authorization identifier of "_SYSTEM" and without further
Access Rule checking:

REVOKE UPDATE ON VN FROM U CASCADE

2) Otherwise, let VCTPD be the view component table privilege
descriptor whose identified object is QE, whose action is
UPDATE, whose grantor is "_SYSTEM", and whose grantee is
U. If VCTPD indicates that the privilege is not grantable, then
the following <revoke statement> is effectively executed with
a current authorization identifier of "_SYSTEM" and without
further Access Rule checking:

REVOKE GRANT OPTION FOR UPDATE ON VN FROM U CASCADE
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iii) If TR is a delete INSTEAD OF trigger, then:

1) VD is modified to include an indication that V is not trigger deletable.

2) Case:

A) If V is not effectively updatable, then the following <revoke statement> is
effectively executed with a current authorization identifier of "_SYSTEM"
and without further Access Rule checking:

REVOKE DELETE ON VN FROM U CASCADE

B) Otherwise:

I) The General Rules of Subclause 9.40, “Determination of view com-
ponent privileges”, are applied with V as VIEW; let a set of view
component privilege descriptors be the DESCRIPTOR SET returned
from the application of those General Rules.

II) Case:

1) If there is no view component table privilege descriptorwhose
identified object isQE, whose action is DELETE,whose grantor
is "_SYSTEM", and whose grantee is U, then the following
<revoke statement> is effectively executed with a current
authorization identifier of "_SYSTEM" and without further
Access Rule checking:

REVOKE DELETE ON VN FROM U CASCADE

2) Otherwise, let VCTPD be the view component table privilege
descriptor whose identified object is QE, whose action is
DELETE, whose grantor is "_SYSTEM", andwhose grantee is U.
If VCTPD indicates that the privilege is not grantable, then the
following <revoke statement> is effectively executed with a
current authorization identifier of "_SYSTEM" and without
further Access Rule checking:

REVOKE GRANT OPTION FOR DELETE ON VN FROM U CASCADE

2) All view component privilege descriptors are destroyed, if any.

3) The descriptor of TR is destroyed.

Conformance Rules

1) Without Feature T200, “Trigger DDL”, conforming SQL language shall not contain a <drop trigger
statement>.
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11.51 <user-defined type definition>
This Subclause is modified by Subclause 10.10, “<user-defined type definition>”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 10.4, “<user-defined type definition>”, in ISO/IEC 9075-13.
This Subclause is modified by Subclause 12.6, “<user-defined type definition>”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 11.3, “<user-defined type definition>”, in ISO/IEC 9075-15.

Function

Define a user-defined type.

Format
<user-defined type definition> ::=
CREATE TYPE <user-defined type body>

13 <user-defined type body> ::=
<schema-resolved user-defined type name>
    [ <subtype clause> ]
    [ AS <representation> ]
    [ <user-defined type option list> ]
    [ <method specification list> ]

<user-defined type option list> ::=
<user-defined type option> [ <user-defined type option>... ]

<user-defined type option> ::=
<instantiable clause>

| <finality>
| <reference type specification>
| <cast to ref>
| <cast to type>
| <cast to distinct>
| <cast to source>

<subtype clause> ::=
UNDER <supertype name>

<supertype name> ::=
<path-resolved user-defined type name>

<representation> ::=
<predefined type>

| <collection type>
| <member list>

<member list> ::=
<left paren> <member> [ { <comma> <member> }... ] <right paren>

<member> ::=
<attribute definition>

<instantiable clause> ::=
INSTANTIABLE

| NOT INSTANTIABLE

<finality> ::=
FINAL

| NOT FINAL

<reference type specification> ::=
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<user-defined representation>
| <derived representation>
| <system-generated representation>

<user-defined representation> ::=
REF USING <predefined type>

<derived representation> ::=
REF FROM <list of attributes>

<system-generated representation> ::=
REF IS SYSTEM GENERATED

<cast to ref> ::=
CAST <left paren> SOURCE AS REF <right paren> WITH <cast to ref identifier>

<cast to ref identifier> ::=
<identifier>

<cast to type> ::=
CAST <left paren> REF AS SOURCE <right paren> WITH <cast to type identifier>

<cast to type identifier> ::=
<identifier>

<list of attributes> ::=
<left paren> <attribute name> [ { <comma> <attribute name> }... ] <right paren>

<cast to distinct> ::=
CAST <left paren> SOURCE AS DISTINCT <right paren>

WITH <cast to distinct identifier>

<cast to distinct identifier> ::=
<identifier>

<cast to source> ::=
CAST <left paren> DISTINCT AS SOURCE <right paren>

WITH <cast to source identifier>

<cast to source identifier> ::=
<identifier>

<method specification list> ::=
<method specification> [ { <comma> <method specification> }... ]

13 <method specification> ::=
<original method specification>

| <overriding method specification>

<original method specification> ::=
<partial method specification> [ SELF AS RESULT ] [ SELF AS LOCATOR ]
    [ <method characteristics> ]

<overriding method specification> ::=
OVERRIDING <partial method specification>

<partial method specification> ::=
[ INSTANCE | STATIC | CONSTRUCTOR ]

METHOD <method name> <SQL parameter declaration list>
<returns clause>

    [ SPECIFIC <specific method name> ]

<specific method name> ::=
[ <schema name> <period> ] <qualified identifier>
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<method characteristics> ::=
<method characteristic>...

13 <method characteristic> ::=
<language clause>

| <parameter style clause>
| <deterministic characteristic>
| <SQL-data access indication>
| <null-call clause>

Syntax Rules

1) Let UDTD be the <user-defined type definition>, let UDTB be the <user-defined type body> imme-
diately contained inUDTD, letUDTNbe the<schema-resolveduser-defined typename> immediately
contained in UDTB, let SN be the specified or implicit <schema name> of UDTN, let SS be the SQL-
schema identified by SN, and let UDT be the data type defined by UDTD.

2) If UDTD is contained in a <schema definition> and UDTN contains a <schema name>, then that
<schema name> shall be equivalent to the specified or implicit <schema name> of the containing
<schema definition>.

3) 13SS shall not includeauser-defined typedescriptor or adomaindescriptorwhosename is equivalent
to UDTN.

4) None of <instantiable clause>, <finality>, <reference type specification>, <cast to ref>, <cast to
type>, <cast to distinct>, or <cast to source> shall be specified more than once.

5) Case:

a) If <representation> specifies <predefined type> or <collection type>, then UDTD defines a
distinct type.

b) Otherwise, UDTD defines a structured type.

6) If <finality> specifies FINAL, then <instantiable clause> shall not specify NOT INSTANTIABLE.

7) If UDTD defines a distinct type, then:

a) 15 Let PSDT be the data type identified by <predefined type> or <collection type>.

Case:

i) If PSDT is an exact numeric type, then let SDT be an implementation-defined (IV223)
exact numeric type whose precision is equal to the precision of PSDT and whose scale
is equal to the scale of PSDT.

ii) If PSDT is an approximate numeric type, then let SDT be an implementation-defined
(IV223) approximate numeric type whose precision is equal to the precision of PSDT.

iii) Otherwise, let SDT be PSDT.

b) <instantiable clause> shall not be specified.

c) If <finality> is not specified, then FINAL is implicit; otherwise, FINAL shall be specified.

d) <subtype clause> shall not be specified.

e) <reference type specification> shall not be specified.

f) Neither <cast to ref> nor <cast to type> shall be specified.
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g) If <cast to distinct> is specified, then let FNUDT be <cast to distinct identifier>; otherwise, let
FNUDT be the <qualified identifier> of UDTN.

h) If <cast to source> is specified, then let FNSDT be <cast to source identifier>; otherwise, the
Syntax Rules of Subclause 9.9, “Type name determination”, are applied with SDT as TYPE; let
FNSDT be the IDENTIFIER returned from the application of those Syntax Rules.

8) If UDTD specifies a structured type, then:

a) Neither <cast to distinct> nor <cast to source> shall be specified.

b) If <subtype clause> is specified, then <reference type specification> shall not be specified.

c) If neither <subtype clause> nor <reference type specification> are specified, then <system-
generated representation> is implicit.

d) If <instantiable clause> is not specified, then INSTANTIABLE is implicit.

e) <finality> shall be specified.

f) The originally-definedattributes ofUDT are those definedby<attribute definition>s contained
in <member list>. No twooriginally-defined attributes ofUDT shall have equivalent <attribute
name>s.

g) For each <attribute definition> ATD contained in <member list>, let AN be the <attribute
name> contained in ATD and let DT be the <data type> contained in ATD. The following <ori-
ginal method specification>s are implicit:

METHOD AN ( )
RETURNS DT
LANGUAGE SQL
DETERMINISTIC
CONTAINS SQL

RETURNS NULL ON NULL INPUT

This is the original method specification of the observer function of attribute AN.

METHOD AN ( ATTR DT )
RETURNS UDTN
SELF AS RESULT
LANGUAGE SQL
DETERMINISTIC
CONTAINS SQL

CALLED ON NULL INPUT

This is the original method specification of the mutator function of attribute AN.

h) If <user-defined representation> is specified, then:

i) Let BT be <predefined type>. BT is the representation type of the referencing type of
UDT.

ii) BT shall be exact numeric or a character string type that is not a large object string
type.

iii) If <cast to ref> is specified, then let FNREF be <cast to ref identifier>; otherwise, let
FNREF be the <qualified identifier> of UDTN.

iv) Case:

1) If <cast to type> is specified, then let FNTYP be <cast to type identifier>.
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2) Otherwise, the Syntax Rules of Subclause 9.9, “Type name determination”, are
applied with BT as TYPE; let FNTYP be the IDENTIFIER returned from the
application of those Syntax Rules.

i) If <derived representation> is specified, then no two <attribute name>s in <list of attributes>
shall be equivalent. The attributes identified by the <attribute name>s are the derivational
attributes of the derived representation.

j) If <subtype clause> is specified, then:

i) <supertype name> shall not be equivalent to UDTN.

ii) 13The <supertype name> immediately contained in the <subtype clause> shall identify
the descriptor of some structured type SST. UDT is a direct subtype of SST, and SST is
a direct supertype of UDT.

iii) The descriptor of SST shall not include an indication that SST is final.

iv) The inherited attributes ofUDT are the attributes describedby the attribute descriptors
included in the descriptor of SST.

v) If <member list> is specified, then no <attribute name> contained in <member list>
shall have an attribute name that is equivalent to the attribute name of an inherited
attribute.

vi) If the user-defined type descriptor of SST indicates that the referencing type of SST has
a user-defined representation, then let BT be the data type described by the data type
descriptor of the representation type of the referencing type of SST included in the
user-defined type descriptor of SST.

1) If <cast to ref> is specified, then let FNREF be <cast to ref identifier>; otherwise,
let FNREF be the <qualified identifier> of UDTN.

2) Case:

A) If <cast to type> is specified, then let FNTYP be <cast to type identifier>.

B) Otherwise, the Syntax Rules of Subclause 9.9, “Type name determination”,
are applied with BT as TYPE; let FNTYP be the IDENTIFIER returned from
the application of those Syntax Rules.

k) If <cast to ref> or <cast to type> is specified, then exactly one of the following shall be true:

i) <user-defined representation> is specified.

ii) <subtype clause> is specified and the user-defined type descriptor of the direct
supertype of UDT indicates that the referencing type of the direct supertype of UDT
has a user-defined representation.

9) 13 If <method specification list> is specified, then:

a) 13LetM be the number of <method specification>sMSi, 1 (one) ≤ i ≤M, contained in <method
specification list>. LetMNi be the <method name> ofMSi.

b) For i ranging from 1 (one) toM:

i) IfMSi does not specify INSTANCE, CONSTRUCTOR, or STATIC, then INSTANCE is
implicit.

ii) IfMSi specifies STATIC, then:

1) None of SELFASRESULT, SELFAS LOCATOR, andOVERRIDING shall be specified.
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2) MSi specifies a static method.

iii) IfMSi specifies CONSTRUCTOR, then:

1) SELF AS RESULT shall be specified.

2) OVERRIDING shall not be specified.

3) MNi shall be equivalent to the <qualified identifier> of UDTN.

4) The <returns data type> shall specify UDTN.

5) UDTD shall define a structured type.

6) 13MSi specifies an SQL-invoked constructor method.

iv) Let RNi be SN.MNi.

v) If <specificmethodname> is not specified, thenan implementation-dependent (UV102)
<specific method name> whose <schema name> is equivalent to SN is implicit.

vi) If <specificmethod name> contains a <schema name>, then that <schema name> shall
be equivalent to SN. If <specific method name> does not contain a <schema name>,
then the <schema name> of SN is implicit.

vii) The schema identifiedby the explicit or implicit <schemaname>of the<specificmethod
name> shall not include a routine descriptor whose specific name is equivalent to
<specific method name> or a user-defined type descriptor that includes a method
specificationdescriptorwhose specificmethodname is equivalent to <specificmethod
name>.

viii) Let PDLi be the <SQL parameter declaration list> contained inMSi.

1) No two <SQL parameter name>s contained in PDLi shall be equivalent.

2) No <SQL parameter name> contained in PDLi shall be equivalent to SELF.

ix) Let Ni be the number of <SQL parameter declaration>s contained inMSi. For every
<SQL parameter declaration> PDi,j, 1 (one) ≤ j ≤ Ni:

1) PDi,j shall not contain <parameter mode>. A <parameter mode> of IN is implicit.

2) PDi,j shall not specify RESULT.

3) <parameter type> PTi,j immediately contained in PDi,j shall not specify ROW.

4) If PTi,j simply contains <locator indication>, then:

A) MSi shall not specify or imply LANGUAGE SQL.

B) 13PTi,j shall specify either binary large object type, character large object
type, array type, multiset type, or user-defined type.

x) If <returns data type> RT simply contains <locator indication>, then:

1) LANGUAGE SQL shall not be specified or implied.

2) RT shall be either binary large object type, character large object type, array type,
multiset type, or user-defined type.

3) 13<result cast> shall not be specified.

© ISO/IEC 2023 – All rights reserved 973

ISO/IEC 9075-2:2023(E)
11.51 <user-defined type definition>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


xi) If SELF AS RESULT is specified, then the <returns data type> shall specify UDTN.

xii) For k ranging from (i+1) toM, at least one of the following shall be false:

1) MNi and the <method name> ofMSk are equivalent.

2) BothMSi andMSk either specify CONSTRUCTOR or neither specifies CON-
STRUCTOR.

3) MSk has Ni <SQL parameter declaration>s.

4) The data type of PTi,j, 1 (one) ≤ j ≤ Ni, is compatible with PTk,j.

xiii) 13The unaugmented SQL parameter declaration list ofMSi is the <SQL parameter
declaration list> contained inMSi.

xiv) IfMSi specifies <original method specification>, then:

1) 13The<methodcharacteristics>ofMSi shall contain atmost one<language clause>,
atmost one <parameter style clause>, atmost one <deterministic characteristic>,
at most one <SQL-data access indication>, and at most one <null-call clause>.

2) 13 If <language clause> is not specified, then LANGUAGE SQL is implicit.

3) If <deterministic characteristic> is not specified, then NOT DETERMINISTIC is
implicit.

4) <SQL-data access indication> shall be specified.

5) If <null-call clause> is not specified, then CALLED ON NULL INPUT is implicit.

6) Case:

A) If LANGUAGE SQL is specified or implied, then:

I) The <returns clause> shall not specify a <result cast>.

II) <SQL-data access indication> shall not specify NO SQL.

III) <parameter style clause> shall not be specified.

IV) Every <SQL parameter declaration> contained in <SQL parameter
declaration list> shall contain an <SQL parameter name>.

B) Otherwise:

I) 13 If <parameter style> is not specified, then PARAMETERSTYLE SQL
is implicit.

II) If a <result cast> is specified, then let V be some value of the <data
type> specified in the <result cast> and let RT be the <returns data
type>. The following shall be valid according to the Syntax Rules of
Subclause 6.13, “<cast specification>”:

CAST ( V AS RT )

III) If <result cast from type> RCT simply contains <locator indication>,
then RCT shall be either binary large object type, character large
object type, array type, multiset type, or user-defined type.

974 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
11.51 <user-defined type definition>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


7) Let a conflictingmethod specificationCMSbeamethodspecification that is included
in the descriptor of a proper supertype of UDT, such that all of the following are
true:

A) The method names of CMS andMNi are equivalent.

B) CMS andMSi have the same number of SQL parameters Ni.

C) Let PCMSj, 1 (one) ≤ j ≤ Ni, be the j-th SQL parameter in the unaugmented
SQL parameter declaration list of CMS. Let PMSi,j, 1 (one) ≤ j ≤Ni, be the j-th
SQL parameter in the unaugmented SQL parameter declaration list ofMSi.

D) For j varying from1 (one) toNi, the declared type of PCMSj and the declared
type of PMSi,j are compatible.

E) MSi does not specify CONSTRUCTOR.

F) CMS andMSi either both are not static methods or one of CMS andMSi is a
static method and the other is not a static method.

8) There shall be no conflicting method specification.

9) The augmented SQL parameter declaration list NPLi ofMSi is defined as follows.

Case:

A) IfMSi specifies STATIC, then let NPLi be:

 ( PDi,1, ..., PDi,Ni )

B) IfMSi specifies SELF AS RESULT and SELF AS LOCATOR, then let NPLi be:

 ( SELF UDTN RESULT AS LOCATOR, PDi,1, ..., PDi,Ni )

C) IfMSi specifies SELF AS LOCATOR, then let NPLi be:

 ( SELF UDTN AS LOCATOR, PDi,1, ..., PDi,Ni )

D) IfMSi specifies SELF AS RESULT, then let NPLi be:

 ( SELF UDTN RESULT, PDi,1, ..., PDi,Ni )

E) Otherwise, let NPLi be:

 ( SELF UDTN, PDi,1, ..., PDi,Ni )

10) Let ANi be the number of <SQL parameter declaration>s in NPLi.

11) IfMSi does not specify STATIC or CONSTRUCTOR, then there shall be no SQL-
invoked function F that satisfies all the following conditions:

A) The routine name of F and RNi have equivalent <qualified identifier>s.

B) If F is not a static method, then F has ANi SQL parameters; otherwise, F has
(ANi−1) SQL parameters.

C) The data type being defined is a proper subtype of
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Case:

I) If F is not a static method, then the declared type of the first SQL
parameter of F.

II) Otherwise, theuser-defined typewhoseuser-defined typedescriptor
includes the routine descriptor of F.

D) Thedeclared typeof the j-th SQLparameter inNPLi, 2≤ j≤ANi is compatible
with

Case:

I) If F is not a static method, then the declared type of j-th SQL para-
meter of F.

II) Otherwise, the declared type of the (j−1)-th SQL parameter of F.

12) IfMSi specifies STATIC, then there shall be no SQL-invoked function F that is not
a static method that satisfies all the following conditions:

A) The routine name of F and RNi have equivalent <qualified identifier>s.

B) F has (ANi+1) SQL parameters.

C) The data type being defined is a subtype of the declared type of the first
SQL parameter of F.

D) The declared type of the j-th SQL parameter in F, 2 ≤ j ≤ (ANi+1), is compat-
ible with the declared type of the (j−1)-th SQL parameter of NPLi.

xv) 13 IfMSi specifies <overriding method specification>, then:

1) MSi shall not specify STATIC or CONSTRUCTOR.

2) A <returns clause> contained inMSi shall not specify a <result cast> or <locator
indication>.

3) Let the candidate original method specification COMS be an original method
specificationwhose descriptor is included in the descriptor of a proper supertype
of the user-defined type being defined, such that all of the following are true:

A) The <method name> of COMS andMNi are equivalent.

B) COMS andMSi have the same number of SQL parameters Ni.

C) Let PCOMSj, 1 (one) ≤ j ≤ Ni, be the j-th SQL parameter in the unaugmented
SQL parameter declaration list of COMS. Let POVMSj, 1 (one) ≤ j ≤ Ni, be the
j-th SQL parameter in the unaugmented SQL parameter declaration list of
MSi.

D) For j varying from 1 (one) to Ni, the Syntax Rules of Subclause 9.30, “Data
type identity”, are applied with the declared type of PCOMSj as TYPE1 and
the declared type of POVMSj as TYPE2.

E) The descriptor of COMS shall not include an indication that STATIC or
CONSTRUCTOR was specified.

4) There shall exist exactly one COMS.
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5) COMS shall notbe the correspondingmethodspecificationof amutatororobserver
function.

NOTE 612— “Corresponding method specification” is defined in Subclause 11.60, “<SQL-
invoked routine>”.

6) For j ranging from 1 (one) to Ni, all of the following shall be true:

A) If POVMSj contains an <SQL parameter name> PNM1, then PCOMSj contains
an <SQL parameter name> that is equivalent to PNM1.

B) If PCOMSj contains an <SQL parameter name> PNM2, then POVMSj contains
an <SQL parameter name> that is equivalent to PNM2.

C) If POVMSj contains a <locator indication>, then PCOMSj contains a <locator
indication>.

D) If PCOMSj contains a <locator indication>, then POVMSj contains a <locator
indication>.

7) Let ROVMS be the <returns data type> ofMSi. Let RCOMS be the <returns data
type> of COMS.

Case:

A) If RCOMS is a user-defined type, then:

I) Let a candidate overridingmethod specification COVRMSbe amethod
specification that is included in the descriptor of a proper supertype
of UDT, such that all of the following are true:

1) The <method name> of COVRMS andMNi are equivalent.

2) COVRMS andMSi have the same number of SQL parametersNi.

3) Let PCOVRMSj, 1 (one) ≤ j ≤Ni, be the j-th SQL parameter in the
unaugmented SQL parameter declaration list of COVRMS. Let
POVMSj, 1 (one) ≤ j ≤ Ni, be the j-th SQL parameter in the
unaugmented SQL parameter declaration list ofMSi.

4) For j varying from 1 (one) to Ni, the Syntax Rules of
Subclause 9.30, “Data type identity”, are applied with the
declared type of PCOVRMSj as TYPE1 and the declared type of
POVMSj as TYPE2.

II) Let NOVMS be the number of candidate overriding method specific-
ations. For i varying from1 (one) toNOVMS,ROVMS shall be a subtype
of the <returns data type> of the i-th candidate overriding method
specification.

B) Otherwise, the Syntax Rules of Subclause 9.30, “Data type identity”, are
applied with RCOMS as TYPE1 and ROVMS as TYPE2.

8) The augmented SQL parameter declaration list ASPDL ofMSi is formed from the
augmented SQL parameter declaration list of COMS by replacing the <data type>
of the first parameter (named SELF) with UDTN.

9) There shall benoSQL-invoked functionF that satisfies all the following conditions:
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A) The routine name of F and the RNi have equivalent <qualified identifier>s.

B) F and ASPDL have the same number N of SQL parameters.

C) The data type being defined is a proper subtype of the declared type of the
first SQL parameter of F.

D) Thedeclared typeofPOVMSi, 1 (one)≤ i≤N, is compatiblewith thedeclared
type of SQL parameter Pi+1 of F.

E) F is not an SQL-invoked method.

Access Rules

1) LetAbe the <authorization identifier> that owns SS. If a <user-defined type definition> is contained
in an <SQL-client module definition>, then the enabled authorization identifiers shall include A.

2) The applicable privileges for A shall include UNDER on the <user-defined type name> specified in
<subtype clause>.

General Rules

1) A user-defined type descriptor UDTDS that describes UDT is created. UDTDS includes:

a) The user-defined type name UDTN.

b) If UDT is a distinct type or INSTANTIABLE is specified or implicit, then an indication that UDT
is instantiable; otherwise, an indication that UDT is not instantiable.

c) An indication of whether the user-defined type is final or not final.

d) An indication of whether UDT is a distinct type or a structured type.

e) If UDT is a distinct type, then the data type descriptor of SDT.

f) If UDT is a structured type, then:

i) For each inherited attribute IA of UDT, the attribute descriptor of IA and an indication
that IA is an inherited attribute.

ii) For each originally-defined attribute ODA of UDT, the attribute descriptor of ODA and
an indication that ODA is an originally-defined attribute.

iii) The name of the direct supertype of UDT.

iv) A transform descriptor with an empty list of groups.

v) Case:

1) If <user-defined representation> is specified, then an indication that the referen-
cing type of UDT has a user-defined representation, along with the data type
descriptor of the representation type of the referencing type of UDT.

2) If <derived representation> is specified, then an indication that the referencing
type of UDT has a derived representation, along with the list of derivational
attributes of the derived representation specified by <list of attributes>.

3) Otherwise, an indication that the referencing type of UDT has a system-defined
representation.
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vi) If <subtype clause> is specified, then let SUDT be the direct supertype of UDT and let
DSUDT be the user-defined type descriptor of SUDT. Let RUDT be the referencing type
of UDT and let RSUDT be the referencing type of SUDT.

Case:

1) IfDSUDT indicates that RSUDT has a user-defined representation, then an indica-
tion that RUDT has a user-defined representation and the data type descriptor
of the representation type of RSUDT included in DSUDT.

2) If DSUDT indicates that RSUDT has a derived representation, then an indication
that RUDT has a derived representation and the list of derivational attributes of
the derived representation included in DSUDT.

3) If DSUDT indicates that RSUDT has a system-defined representation, then an
indication that RUDT has a system-defined representation.

vii) The ordering form NONE.

viii) The ordering category STATE.

g) If <method specification list> is specified, then for every<originalmethod specification>ORMS
contained in <method specification list>, a method specification descriptor that includes:

i) The <method name> of ORMS.

ii) The <specific method name> of ORMS.

iii) An indication that the method specification is original.

iv) An indication of whether STATIC or CONSTRUCTOR is specified.

v) The <SQL parameter declaration list> contained in ORMS (augmented, if STATIC is not
specified in ORMS, to include the implicit first parameter with parameter name SELF).

vi) For every <SQL parameter declaration> in the <SQL parameter declaration list>, a
<locator indication>, if any.

vii) The <returns data type>.

viii) The <result cast from type>, if any.

ix) The <locator indication> contained in the <returns clause>, if any.

x) The <language name> contained in the explicit or implicit <language clause>.

xi) 13 If the <language name> is not SQL, then the explicit or implicit <parameter style>.

xii) An indication of whether the method is deterministic.

xiii) An indication of whether the method possibly modifies SQL-data, possibly reads SQL-
data, possibly contains SQL, or does not possibly contain SQL.

xiv) An indication of whether themethod is to be invoked if any argument is the null value.

xv) The CURRENT_TIMESTAMP as the value of the creation timestamp.

xvi) The CURRENT_TIMESTAMP as the value of the last-altered timestamp.

h) If <method specification list> is specified, then for every <overriding method specification>
OVMS contained in<method specification list>, letDCMSbe thedescriptor of the corresponding
original method specification. The method specification descriptor of OVMS includes:

i) The <method name> of OVMS.
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ii) The <specific method name> of OVMS.

iii) An indication that the method specification is overriding.

iv) The <SQL parameter declaration list> contained in OVMS (augmented to include the
implicit first parameter with parameter name SELF).

v) For every <SQL parameter declaration> in the <SQL parameter declaration list>, a
<locator indication>, if any.

vi) The <returns data type> of OVMS.

vii) The <result cast from type> included in DCMS (if any).

viii) The <locator indication> contained in the <returns clause> included in the DCMS, if
any.

ix) The <language name> included in DCMS.

x) The <parameter style> included in DCMS (if any).

xi) The determinism indication included in DCMS.

xii) The SQL-data access indication included in DCMS.

xiii) The indication included inDCMS, whether themethod is to be invoked if any argument
is the null value.

xiv) The CURRENT_TIMESTAMP as the value of the creation timestamp.

xv) The CURRENT_TIMESTAMP as the value of the last-altered timestamp.

2) If UDTD specifies a distinct type, then:

a) The degree of UDT is 0 (zero).

b) The following SQL-statements are executed without further Access Rule checking:

CREATE FUNCTION SN.FNUDT ( SDTP SDT )
RETURNS UDTN
LANGUAGE SQL
DETERMINISTIC

RETURN RV1
CREATE FUNCTION SN.FNSDT ( UDTP UDTN )

RETURNS SDT
LANGUAGE SQL
DETERMINISTIC

RETURN RV2
CREATE CAST ( UDTN AS SDT )

WITH FUNCTION FNSDT ( UDTN )
AS ASSIGNMENT

CREATE CAST (SDT AS UDTN)
WITH FUNCTION SN.FNUDT ( SDT )
AS ASSIGNMENT

CREATE TRANSFORM FOR UDTN
FNUDT ( FROM SQL WITH FUNCTION FNSDT ( UDTN ),

TO SQL WITH FUNCTION SN.FNUDT(SDT) )

where: SN is the explicit or implicit <schema name> of UDTN; RV1 is an implementation-
dependent (UV103) <value expression> such that for every invocation of SN.FNUDTwith
argument value AV1, RV1 evaluates to the representation of AV1 in the data type identified
by UDTN; RV2 is an implementation-dependent (UV103) <value expression> such that for
every invocation of SN.FNSDTwith argument value AV2, RV2 evaluates to the representation
of AV2 in the data type SDT, and SDTP and UDTP are <SQL parameter name>s arbitrarily
chosen.
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c) Case:

i) 09 If SDT is neither a large object type nor a collection type, then the following SQL-
statement is executed without further Access Rule checking:

CREATE ORDERING FOR UDTN
ORDER FULL BY
MAP WITH FUNCTION FNSDT(UDTN)
FOR UDTN

ii) If SDT is a large object type, and the SQL-implementation supports Feature T042,
“Extended LOB data type support”, then the following SQL-statement is executed
without further Access Rule checking:

CREATE ORDERING FOR UDTN
ORDER EQUALS ONLY BY
MAP WITH FUNCTION FNSDT(UDTN)
FOR UDTN

NOTE 613— If SDT is a large object type, and the SQL-implementation does not support Feature
T042, “Extended LOB data type support”, then no ordering for UDTN is created.

3) If UDTD specifies a structured type, then:

a) Case:

i) If <subtype clause> is specified, then let SST be the direct supertype of UDT and let D
be the degree of SST.

ii) Otherwise, let D be 0 (zero).

b) The degree of UDT is initially set to D; the General Rules of Subclause 11.52, “<attribute
definition>”, specify the degree of UDT during the definition of the attributes of UDT.

c) If INSTANTIABLE is specified, then let V be a value of the most specific type UDT such that,
for every attribute ATT of UDT, invocation of the corresponding observer function on V yields
the default value for ATT. The following <SQL-invoked routine> is effectively executed:

CREATE FUNCTION UDTN () RETURNS UDTN
RETURN V

This SQL-invoked function is the constructor function for UDT.

d) If <user-defined representation> is specified or if <subtype clause> is specified and the user-
defined type descriptor of the direct supertype of UDT indicates that the referencing type of
the direct supertype of UDT has a user-defined representation, then the following SQL-state-
ments are executed without further Access Rule checking:

CREATE FUNCTION SN.FNREF ( BTP BT )
RETURNS REF(UDTN)
LANGUAGE SQL
DETERMINISTIC
STATIC DISPATCH

RETURN RV1
CREATE FUNCTION SN.FNTYP ( UDTNP REF(UDTN) )

RETURNS BT
LANGUAGE SQL
DETERMINISTIC
STATIC DISPATCH

RETURN RV2
CREATE CAST ( BT AS REF(UDTN) )

WITH FUNCTION SN.FNREF(BT)
CREATE CAST ( REF(UDTN) AS BT )

WITH FUNCTION SN.FNTYP(REF(UDTN) )
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where: SN is the explicit or implicit <schema name> of UDTN; RV1 is an implementation-
dependent (UV103) <value expression> such that for every invocation of SN.FNREFwith
argument value AV1, RV1 evaluates to the representation of AV1 in the data type identified
by REF(UDTN); RV2 is an implementation-dependent (UV103) <value expression> such that
for every invocationof SN.FNTYPwith argument valueAV2,RV2 evaluates to the representation
of AV2 in the data type BT; and UDTNP is an <SQL parameter name> arbitrarily chosen.

4) A privilege descriptor is created that defines the USAGE privilege on UDT to A. This privilege is
grantable. The grantor for this privilege descriptor is set to the special grantor value "_SYSTEM".

5) If UDTD specifies a structured type, then a privilege descriptor is created that defines the UNDER
privilege on UDT to A. The grantor for the privilege descriptor is set to the special grantor value
"_SYSTEM". This privilege is grantable if and only if A holds the UNDER privilege on the direct
supertype of UDTWITH GRANT OPTION.

Conformance Rules

1) Without Feature S023, “Basic structured types”, conforming SQL language shall not contain a
<member list>.

2) Without Feature S024, “Enhanced structured types”, conforming SQL language shall not contain an
<instantiable clause> that contains NOT INSTANTIABLE.

3) Without Feature S024, “Enhanced structured types”, conforming SQL language shall not contain an
<original method specification> that immediately contains SELF AS RESULT.

4) Without Feature S024, “Enhanced structured types”, conforming SQL language shall not contain a
<method characteristics> that contains a <parameter style> that contains GENERAL.

5) Without Feature S024, “Enhanced structured types”, conforming SQL language shall not contain an
<original method specification> that contains an <SQL-data access indication> that immediately
contains NO SQL.

6) Without Feature S401, “Distinct types based on array types”, in conforming SQL language, <repres-
entation> shall not contain <array type>.

7) Without Feature S402, “Distinct types based on multiset types”, in conforming SQL language,
<representation> shall not contain <multiset type>.

8) Without Feature T571, “Array-returning external SQL-invoked functions”, conforming SQL language
shall not contain a <method specification> that contains a <returns clause> for which any of the
following are true:

a) A<result cast from type> is specified that simply contains an<array type>anddoesnot contain
a <locator indication>.

b) A <result cast from type> is not specified and <returns data type> simply contains an <array
type> and does not contain a <locator indication>.

9) Without Feature T572, “Multiset-returning external SQL-invoked functions”, conforming SQL lan-
guage shall not contain a <method specification> that contains a <returns clause> for which any of
the following are true:

a) A <result cast from type> is specified that simply contains a <multiset type> and does not
contain a <locator indication>.

b) A <result cast from type> is not specified and <returns data type> simply contains a <multiset
type> and does not contain a <locator indication>.
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10) Without Feature S043, “Enhanced reference types”, conforming SQL language shall not contain a
<reference type specification>.

11) Without Feature S024, “Enhanced structured types”, conforming SQL language shall not contain a
<partial method specification> that contains INSTANCE or STATIC.

12) Without Feature S023, “Basic structured types”, conforming SQL language shall not contain a
<method specification list>.

13) Without Feature S025, “Final structured types”, in conforming SQL language, a <user-defined type
definition> that defines a structured type shall contain a <finality> that is NOT FINAL.

14) 13 14Without Feature S028, “PermutableUDToptions list”, conforming SQL language shall not contain
a <user-defined type option list> in which <instantiable clause>, if specified, <finality>, <reference
type specification>, if specified, <cast to ref>, if specified, <cast to type>, if specified, <cast to distinct>,
if specified, and <cast to source>, if specified, do not appear in that sequence.

© ISO/IEC 2023 – All rights reserved 983

ISO/IEC 9075-2:2023(E)
11.51 <user-defined type definition>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


11.52 <attribute definition>
This Subclause is modified by Subclause 10.5, “<attribute definition>”, in ISO/IEC 9075-13.
This Subclause is modified by Subclause 12.7, “<attribute definition>”, in ISO/IEC 9075-14.

Function

Define an attribute of a structured type.

Format
13 <attribute definition> ::=
<attribute name> <data type>
    [ <attribute default> ]
    [ <collate clause> ]

<attribute default> ::=
<default clause>

Syntax Rules

1) 13An <attribute definition> defines a certain component of some structured type. Let UDT be that
structured type, let UDTN be its name, and let SS be the SQL-schemawhose descriptor includes the
descriptor of UDT.

2) Let AN be the <attribute name> contained in the <attribute definition>.

3) The declared type DT of the attribute is <data type>.

4) <collate clause> shall not be both specified in <data type> and immediately contained in <attribute
definition>. If <collate clause> is immediately contained in<attributedefinition>, then it is equivalent
to specifying an equivalent <collate clause> in <data type>.

5) DT shall not be based on UDT.
NOTE 614—The notion of one data type being based on another data type is defined in Subclause 4.2, “Data types”.

6) If DT is a <character string type> and does not contain a <character set specification>, then the
default character set for SS is implicit.

Access Rules

None.

General Rules

1) A data type descriptor is created that describes DT.

2) Let A be the attribute defined by <attribute definition>.

3) The degree of UDT is increased by 1 (one).

4) An attribute descriptor is created that describes A. The attribute descriptor includes:

a) AN, the name of the attribute.

b) The data type descriptor of DT.
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c) The ordinal position of the attribute.
NOTE 615— The ordinal position of the attribute is equal to the degree of UDT at the time this <attribute
definition> is being processed.

d) The implicit or explicit <attribute default>.

e) 13The name UDTN of the user-defined type UDT.

5) An SQL-invoked method OF is created whose signature and result data type are as given in the
descriptor of the originalmethod specification of the observer function ofA. LetV be a value inUDT.

Case:

a) If V is the null value, then the invocation V.AN() of OF returns the result of:

CAST (NULL AS DT)

b) 13Otherwise, V.AN() returns the value of A in V.
NOTE 616— The original method specification of the observer function of A is defined in the Syntax Rules of
Subclause 11.51, “<user-defined type definition>”.

NOTE 617— The descriptor of OF is created under the General Rules of Subclause 11.60, “<SQL-invoked routine>”.

6) An SQL-invoked methodMF is created whose signature and result data type are as given in the
descriptor of the original method specification of themutator function of A. Let V be a value in UDT
and let AV be a value in DT.

Case:

a) If V is the null value, then the invocation V.AN(AV) ofMF raises an exception condition: data
exception— null value substituted for mutator subject parameter (2202D);

b) 13Otherwise, the invocation V.AN(AV) returns V2 such that V2.AN() = AV and for every other
observer function ANX of UDT, V2.ANX() = V.ANX().

NOTE 618— The original method specification of the mutator function of A is defined in the Syntax Rules of
Subclause 11.51, “<user-defined type definition>”.

NOTE 619— The descriptor ofMF is created under the General Rules of Subclause 11.60, “<SQL-invoked routine>”.

Conformance Rules

1) Without Feature S023, “Basic structured types”, conforming SQL language shall not contain an
<attribute definition>.

2) Without Feature F692, “Extended collation support”, conforming SQL language shall not contain
an <attribute definition> that immediately contains a <collate clause>.

3) Without Feature S024, “Enhanced structured types”, conforming SQL language shall not contain an
<attribute default>.

4) 14Without Feature S026, “Self-referencing structured types”, conforming SQL language shall not
contain a <data type> simply contained in an <attribute definition> that is a <reference type>whose
<referenced type> is equivalent to the<schema-resolveduser-defined typename> simply contained
in the <user-defined type definition> that contains <attribute definition>.
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11.53 <alter type statement>
This Subclause is modified by Subclause 10.6, “<alter type statement>”, in ISO/IEC 9075-13.

Function

Change the definition of a user-defined type.

Format
<alter type statement> ::=
ALTER TYPE <schema-resolved user-defined type name> <alter type action>

<alter type action> ::=
<add attribute definition>

| <drop attribute definition>
| <add original method specification>
| <add overriding method specification>
| <drop method specification>

Syntax Rules

1) 13 Let DN be the <schema-resolved user-defined type name> and let D be the data type identified
by DN.

2) The schema identified by the explicit or implicit <schema name> of the <schema-resolved user-
defined type name> shall include the descriptor of D. Let S be that schema.

3) The scope of the <schema-resolved user-defined type name> is the entire <alter type statement>.

4) If <alter type action> contains <add attribute definition>, <drop attribute definition>, or <add
overriding method specification>, then D shall be a structured type.

5) Let A be the <authorization identifier> that owns the schema S.

Access Rules

1) If an <alter type statement> is contained in an <SQL-client module definition>, then the enabled
authorization identifiers shall include A.

2) The applicable privileges for A shall include UNDER on each proper supertype of D.

General Rules

1) The user-defined type descriptor of D is modified as specified by <alter type action>.

Conformance Rules

1) Without Feature S024, “Enhanced structured types”, conforming SQL language shall not contain an
<alter type statement>.
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11.54 <add attribute definition>

Function

Add an attribute to a user-defined type.

Format
<add attribute definition> ::=
ADD ATTRIBUTE <attribute definition>

Syntax Rules

1) Let D be the user-defined type identified by the <schema-resolved user-defined type name>
immediately contained in the containing<alter type statement>. Let SPDbe the set of all supertypes
of D. Let SBD be the set of all subtypes of D.

2) Let RD be the reference type whose referenced type is D. Let SPRD be the set of all supertypes of
RD. Let SBRDbe the set of all subtypes ofRD. Let SPADbe the set of all collection typeswhose element
type is in SPD or SPRD. Let SBAD be the set of all collection types whose element type is in SBD or
SBRD.

3) The declared type of a column of a base table shall not be in SPRD, SBRD, SPAD, or SBAD.

4) The declared type of a column of a base table shall not be based on D.
NOTE 620—The notion of one data type being based on another data type is defined in Subclause 4.2, “Data types”.

5) No referenceable table shall have a structured type in SBD.

6) LetM be the mutator function resulting from the <attribute definition>, had that <attribute defini-
tion> been simply contained in the <user-defined type definition> for D. There shall be no SQL-
invoked routine F for which all of the following are true:

a) The routine name included in the descriptor of F and the <schema qualified routine name>
ofM have equivalent <qualified identifier>s.

b) F has two SQL parameters.

c) The declared type of the first SQL parameter of F is a subtype or supertype of D.

d) The declared type of the second SQL parameter of F is a compatible with the second SQL
parameter ofM.

7) Let O be the observer function resulting from the <attribute definition>, had that <attribute defini-
tion> been simply contained in the <user-defined type definition> for D. There shall be no SQL-
invoked routine F for which all of the following are true:

a) The <schema qualified routine name> of O and the routine name included in the descriptor
of F have equivalent <qualified identifier>s.

b) F has 1 (one) SQL parameter.

c) The declared type of the first SQL parameter of F is a subtype or supertype of D.
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Access Rules

None.

General Rules

1) The attribute defined by the <attribute definition> is added to D.

2) In all other respects, the specification of an <attribute definition> in an <alter type statement> has
the same effect as specification of the <attribute definition> simply contained in the <user-defined
type definition> for Dwould have had.

NOTE 621— In particular, the degree of D is increased by 1 (one) and the ordinal position of that attribute is equal
to the new degree of D as specified in the General Rules of Subclause 11.52, “<attribute definition>”.

3) Let A be the attribute defined by <attribute definition>. Let CPA be a copy of the descriptor of A,
modified to include an indication that the attribute is an inherited attribute.

4) For each proper subtype PSBD of D:

a) Let DPSBD be the descriptor of PSBD, let N be the number of attribute descriptors included
in DPSBD, and let DAi, 1 (one) ≤ i ≤ N, be the attribute descriptors included in DPSBD.

b) For every i between 1 (one) and N, if DAi is the descriptor of an originally-defined attribute,
then increase the ordinal position included in DAi by 1 (one).

c) Include CPA in DPSBD.

Conformance Rules

None.
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11.55 <drop attribute definition>
This Subclause is modified by Subclause 11.12, “<drop attribute definition>”, in ISO/IEC 9075-16.

Function

Destroy an attribute of a user-defined type.

Format
<drop attribute definition> ::=
DROP ATTRIBUTE <attribute name> RESTRICT

Syntax Rules

1) Let D be the user-defined type identified by the <schema-resolved user-defined type name>
immediately contained in the containing <alter type statement>.

2) Let A be the attribute identified by the <attribute name> AN.

3) A shall be an attribute of D that is not an inherited attribute, and A shall not be the only attribute
of D.

4) Let SPDbe the set of all supertypes ofD. Let SBDbe the set of all subtypes ofD. LetRDbe the reference
type whose referenced type is D. Let SPRD be the set of all supertypes of RD. Let SBRD be the set of
all subtypes of RD. Let SPAD be the set of all collection types whose element type is in SPD or SPRD.
Let SBAD be the set of all collection types whose element type is in SBD or SBRD.

5) The declared types of all columns of all base tables shall not be in SPRD, SBRD, SPAD, or SBAD.

6) The declared types of all columns of all base tables shall not be based on D.
NOTE 622—The notion of one data type being based on another data type is defined in Subclause 4.2, “Data types”.

7) No referenceable table shall have a structured type in SBD.

8) Let R1 be the mutator function and let R2 be the observer function of A.

a) R1 and R2 shall not be the subject routine of any <routine invocation>, <method invocation>,
<static method invocation>, or <method reference> that is contained in any of the following:

i) The SQL routine body of any routine descriptor.

ii) The original <query expression> of any view descriptor.

iii) The <search condition> of any constraint descriptor.

iv) 16The triggered action of any trigger descriptor.

b) The specific names of R1 and R2 shall not be included in any user-defined cast descriptor.

c) R1 and R2 shall not be the ordering function in the descriptor of any user-defined type.

Access Rules

None.
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General Rules

1) The descriptor of A is removed from the descriptor of every SBD.

2) The descriptor of A is destroyed.

3) The descriptors of the mutator and observer functions of A are destroyed.

4) The degree of every SBD is reduced by 1 (one). The ordinal position of all attributes having an
ordinal position greater than the ordinal position of A in SBD is reduced by 1 (one).

Conformance Rules

None.
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11.56 <add original method specification>

Function

Add an original method specification to a user-defined type.

Format
<add original method specification> ::=
ADD <original method specification>

Syntax Rules

1) Let D be the user-defined type identified by the <schema-resolved user-defined type name> DN
immediately contained in the containing <alter type statement>. Let SN be the specified or implied
<schema name> of DN. Let SPD be the set of all supertypes of D, if any. Let SBD be the set of all
subtypes of D, if any.

2) LetORMS andPORMSbe the <originalmethod specification>and its immediately contained<partial
method specification>, respectively.

3) LetMN,MPDL andMCH be the <method name>, the <SQL parameter declaration list> and the
<method characteristics>, respectively, that are simply contained in ORMS.MPDL is called the
unaugmented SQL parameter declaration list of ORMS.

4) If PORMS does not specify INSTANCE, CONSTRUCTOR, or STATIC, then INSTANCE is implicit.

5) If PORMS specifies CONSTRUCTOR, then:

a) SELF AS RESULT shall be specified.

b) MN shall be equivalent to the <qualified identifier> of DN.

c) The <returns data type> shall specify DN.

d) D shall be a structured type.

e) PORMS specifies an SQL-invoked constructor method.

6) If PORMS specifies STATIC, then:

a) Neither SELF AS RESULT nor SELF AS LOCATOR shall be specified.

b) PORMS specifies a static method.

7) Let RN be SN.MN.

8) Case:

a) If PORMS does not specify <specific method name>, then an implementation-dependent
(UV102) <specific method name> is implicit whose <schema name> is equivalent to SN.

b) Otherwise,

Case:

i) If <specificmethod name> contains a <schema name>, then that <schema name> shall
be equivalent to SN.

ii) Otherwise, the <schema name> SN is implicit.
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The schema identified by the explicit or implicit <schema name> of the <specific method name>
shall not include a routine descriptorwhose specific name is equivalent to <specificmethod name>
or a user-defined type descriptor that includes a method specification descriptor whose specific
method name is equivalent to <specific method name>.

9) MCH shall contain at most one <language clause>, at most one <parameter style clause>, at most
one<deterministic characteristic>, atmost one<SQL-data access indication>, and atmost one<null-
call clause>.

a) If <language clause> is not specified inMCH, then LANGUAGE SQL is implicit.

b) Case:

i) If LANGUAGE SQL is specified or implied, then:

1) <parameter style clause> shall not be specified.

2) <SQL-data access indication> shall not specify NO SQL.

3) Every <SQL parameter declaration> contained in <SQL parameter declaration
list> shall contain an <SQL parameter name>.

4) The <returns clause> shall not specify a <result cast>.

ii) Otherwise:

1) If <parameter style clause> is not specified, then PARAMETER STYLE SQL is
implicit.

2) If a <result cast> is specified, then letVbe somevalue of the <data type> specified
in the <result cast> and let RT be the <returns data type>. The following shall be
valid according to the Syntax Rules of Subclause 6.13, “<cast specification>”:

CAST ( V AS RT )

3) If <result cast from type> RCT simply contains <locator indication>, then RCT
shall be either binary large object type, character large object type, array type,
multiset type, or user-defined type.

c) If <deterministic characteristic> is not specified inMCH, thenNOTDETERMINISTIC is implicit.

d) If <SQL-data access indication> is not specified, then CONTAINS SQL is implicit.

e) If <null-call clause> is not specified inMCH, then CALLED ON NULL INPUT is implicit.

10) No two <SQL parameter name>s contained inMPDL shall be equivalent.

11) No <SQL parameter name> contained inMPDL shall be equivalent to SELF.

12) LetNbe thenumber of <SQLparameter declaration>s contained inMPDL. For every<SQLparameter
declaration> PDj, 1 (one) ≤ j ≤ N:

a) PDj shall not contain <parameter mode>. A <parameter mode> of IN is implicit.

b) PDj shall not specify RESULT.

c) <parameter type> PTj immediately contained in PDj shall not specify ROW.

d) If PTj simply contains <locator indication>, then:

i) MCH shall not specify LANGUAGE SQL, nor shall LANGUAGE SQL be implied.
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ii) PTj shall specify either binary large object type, character large object type, array type,
multiset type, or user-defined type.

13) If <returns data type> RT simply contains <locator indication>, then:

a) MCH shall not be specify LANGUAGE SQL, nor shall LANGUAGE SQL be implied.

b) RT shall be either binary large object type, character large object type, array type, multiset
type, or user-defined type.

c) <result cast> shall not be specified.

14) If SELF AS RESULT is specified, then the <returns data type> shall specify DN.

15) Case:

a) If ORMS specifies CONSTRUCTOR, then let a conflictingmethod specification CMS be amethod
specificationwhose descriptor is included in the descriptor ofD, such that all of the following
are all true:

i) MPDL and the unaugmented SQL parameter declaration list of CMS have the same
number N of SQL parameters.

ii) LetPCMSj, 1 (one)≤ j≤N, be the j-th SQLparameter in the unaugmented SQLparameter
declaration list of CMS. Let PMSj, 1 (one) ≤ j ≤ N, be the j-th SQL parameter in the
unaugmented SQL parameter declaration listMPDL.

iii) For j varying from 1 (one) to N, the declared type of PCMSj and the declared type of
PMSj are compatible.

iv) CMS is an SQL-invoked constructor method.

b) Otherwise, let a conflictingmethod specificationCMSbeamethodspecificationwhosedescriptor
is included in the descriptor of some type in either SPD or SBD, such that the following are all
true:

i) MN and the method name included in the descriptor of CMS are equivalent.

ii) MPDL and the unaugmented SQL parameter declaration list of CMS have the same
number N of SQL parameters.

iii) LetPCMSj, 1 (one)≤ j≤N, be the j-th SQLparameter in the unaugmented SQLparameter
declaration list of CMS. Let PMSj, 1 (one) ≤ j ≤ N, be the j-th SQL parameter in the
unaugmented SQL parameter declaration listMPDL.

iv) For j varying from 1 (one) to N, the declared type of PCMSj and the declared type of
PMSj are compatible.

v) CMS andORMS either both are not instancemethods or one of CMS andORMS is a static
method and the other is an instance method.

16) There shall be no conflicting method specification.

17) LetMPi, 1 (one)≤ i≤N, be the i-th <SQLparameter declaration> contained inMPDL. The augmented
SQL parameter declaration list NPL of ORMS is defined as follows.

Case:

a) If PORMS specifies STATIC, then let NPL be:

( MP1, ..., MPN )
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b) If ORMS specifies SELF AS RESULT and SELF AS LOCATOR, then let NPL be:

( SELF DN RESULT AS LOCATOR,
MP1, ...,
MPN )

c) If ORMS specifies SELF AS LOCATOR, then let NPL be:

( SELF DN AS LOCATOR,
MP1, ...,
MPN )

d) If ORMS specifies SELF AS RESULT, then let NPL be:

( SELF DN RESULT, MP1, ...,
MPN )

e) Otherwise, let NPL be:

( SELF DN, MP1, ...,
MPN )

Let AN be the number of <SQL parameter declaration>s in NPL.

18) If PORMS does not specify STATIC or CONSTRUCTOR, then there shall be no SQL-invoked function
F for which all of the following are true:

a) F is not an SQL-invoked method.

b) The <routine name> of F and RN have equivalent <qualified identifier>s.

c) F has AN SQL parameters.

d) D is a subtype or supertype of the declared type of the first SQL parameter of F.

e) The declared type of the i-th SQL parameter inNPL, 2 ≤ i ≤ AN is compatible with the declared
type of i-th SQL parameter of F.

19) If PORMS specifies STATIC, then there shall be no SQL-invoked function F that is not a staticmethod
for which all of the following are true:

a) The <routine name> of F and RN have equivalent <qualified identifier>s.

b) F has (AN+1) SQL parameters.

c) D is a subtype or supertype of the declared type of the first SQL parameter of F.

d) Thedeclared type of the i-th SQLparameter ofF, 2≤ i≤ (AN+1), is compatiblewith the declared
type of the (i−1)-th SQL parameter of NPL.

Access Rules

None.

General Rules

1) Let STDS be the descriptor ofD. Amethod specification descriptorDOMS is created forORMS.DOMS
includes:

a) The <method name>MN.
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b) The <specific method name> contained in PORMS.

c) An indication that the method specification is original.

d) An indication of whether STATIC or CONSTRUCTOR is specified.

e) The augmented SQL parameter declaration list NPL.

f) For every SQL parameter declaration in NPL, a locator indication (if specified).

g) The <returns data type> contained in PORMS.

h) The <result cast from type> contained in PORMS (if any).

i) The locator indication, if a <locator indication> is contained in the <returns clause> of PORMS
(if any).

j) The <language name> explicitly or implicitly contained inMCH.

k) If the <language name> is not SQL, then the explicit or implicit <parameter style> contained
inMCH.

l) The determinism indication contained inMCH.

m) An indication of whether the method possibly modifies SQL-data, possibly reads SQL-data,
possibly contains SQL, or does not possibly contain SQL.

n) An indication of whether the method is to be invoked if any argument is the null value.

o) The CURRENT_TIMESTAMP as the value of the creation timestamp.

p) The CURRENT_TIMESTAMP as the value of the last-altered timestamp.

2) DOMS is added to STDS.

3) Let N be the number of table descriptors that include the user-defined type name of a subtype of
D.

For i varying from 1 (one) to N:

a) Let TNi be the object included in the i-th such table descriptor.

b) For every table privilege descriptor that specifies object TNi and action SELECT, a new
table/method privilege descriptor is created that specifies as object the table/method pair
consisting of the table TNi and method DOMS, action SELECT, the same grantor and grantee,
and the same grantability.

Conformance Rules

None.
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11.57 <add overriding method specification>

Function

Add an overriding method specification to a user-defined type.

Format
<add overriding method specification> ::=
ADD <overriding method specification>

Syntax Rules

1) Let OVMS be the <overriding method specification> immediately contained in <add overriding
method specification>. Let D be the user-defined type identified by the <schema-resolved user-
defined type name> DN immediately contained in the <alter type statement> containing OVMS. Let
SN be the specified or implied <schema name> of DN. Let SPD be the set of all supertypes of D, if
any. Let SBD be the set of all subtypes of D, if any.

2) Let POVMS be the <partial method specification> immediately contained in OVMS. POVMS shall not
specify STATIC or CONSTRUCTOR.

3) LetMN,RTC andMPDLbe<routinename>, the<returns clause> and the<SQLparameter declaration
list> immediately contained in POVMS.

4) MN shall not be equivalent to the <qualified identifier> of the user-defined type name of any type
in either SPD or SBD other than D.

5) Let RN be SN.MN.

6) Case:

a) If POVMS does not specify <specific method name>, then an implementation-dependent
(UV102) <specific method name> is implicit whose <schema name> is equivalent to SN.

b) Otherwise,

Case:

i) If <specificmethod name> contains a <schema name>, then that <schema name> shall
be equivalent to SN.

ii) Otherwise, the <schema name> SN is implicit.

7) The schema identified by the explicit or implicit <schema name> of the <specific method name>
shall not include a routine descriptorwhose specific name is equivalent to <specificmethod name>
or a user-defined type descriptor that includes a method specification descriptor whose specific
method name is equivalent to <specific method name>.

8) RTC shall not specify a <result cast> or <locator indication>.

9) Let the candidate original method specification COMS be an original method specification that is
included in the descriptor of a proper supertype of the user-defined type of D, such that all of the
following are true:

a) MN and the <method name> of COMS are equivalent.
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b) Let N be the number of elements of the augmented SQL parameter declaration list UPCOMS
generally included in thedescriptorofCOMS.MPDL contains (N−1)SQLparameterdeclarations.

c) For i varying from 2 toN, the Syntax Rules of Subclause 9.30, “Data type identity”, are applied
with the declared type of SQL parameter PCOMSi of UPCOMS as TYPE1 and the declared type
of SQL parameter POVMSi−1 ofMPDL as TYPE2.

d) The descriptor of COMS shall not include an indication that STATIC or CONSTRUCTOR was
specified.

10) There shall exist exactly one such COMS.

11) COMS shall not be the corresponding method specification of a mutator or observer function.
NOTE 623— “Corresponding method specification” is defined in Subclause 11.60, “<SQL-invoked routine>”.

12) For i varying from 2 to N:

a) IfPOVMSi−1 contains an<SQLparameter name>PNM1, then the i-th element of the augmented
SQLparameter declaration list included in the descriptor ofCOMS shall have an SQLparameter
name that is equivalent to PNM1.

b) If the i-th element of the augmented SQL parameter declaration list included in the descriptor
of COMS has an SQL parameter name PNM2, then POVMSi−1 shall contain an <SQL parameter
name> that is equivalent to PNM2.

c) POVMSi−1 shall not contain <parameter mode>. A <parameter mode> IN is implicit.

d) POVMSi−1 shall not specify RESULT.

e) If the <parameter type> PTi−1 immediately contained in POVMSi−1 contains a <locator indica-
tion>, then the i-th element of the augmented SQL parameter declaration list included in the
descriptor of COMS shall include a <locator indication>.

f) If the i-th element of the augmented SQL parameter declaration list included in the descriptor
of COMS includes a <locator indication>, then the <parameter type> PTi−1 immediately con-
tained in POVMSi−1 shall contain a <locator indication>.

13) Let ROVMS be the <returns data type> of RTC. Let RCOMS be the <returns data type> of COMS.

Case:

a) If RCOMS is a user-defined type, then:

i) Let a candidate overridingmethod specification COVRMS be amethod specification that
is included in the descriptor of a proper supertype or a proper subtype of UDT, such
that all of the following are true:

1) The <method name> of COVRMS andMN are equivalent.

2) COVRMS and OVMS have the same number of SQL parameters N.

3) Let PCOVRMSi, 1 (one)≤ i ≤N, be the i-th SQL parameter in the unaugmented SQL
parameter declaration list of COVRMS. Let POVMSi, 1 (one) ≤ i ≤N, be the i-th SQL
parameter in the unaugmented SQL parameter declaration list of OVMS.

4) For i varying from 1 (one) to N, the Syntax Rules of Subclause 9.30, “Data type
identity”, are applied with the declared type of PCOVRMSi as TYPE1 and the
declared type of POVMSi as TYPE2.
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ii) LetNOVMS be the number of candidate overridingmethod specifications. For i varying
from 1 (one) to NOVMS, let COVRMSi be the i-th candidate overriding method specific-
ation.

Case:

1) If COVRMSi is included in the descriptor of a proper supertype of D, then ROVMS
shall be a subtype of the <returns data type> of COVRMSi.

2) Otherwise, ROVMS shall be a supertype of the <returns data type> of COVRMSi.

b) Otherwise, the Syntax Rules of Subclause 9.30, “Data type identity”, are applied with RCOMS
as TYPE1 and ROVMS as TYPE2.

14) Let a conflicting overriding method specification COVMS be an overriding method specification that
is included in the descriptor of D, such that all of the following are true:

a) MN and the method name of COVMS are equivalent.

b) The augmented SQL parameter declaration list of COVMS contains N elements.

c) For i varying from2 toN, the data types of the SQLparameterPOVMSi−1 and the SQLparameter
PCOVMSi−1 of COVMS are compatible.

15) There shall be no conflicting overriding method specification.

16) The augmented SQL parameter declaration list ASPDL of OVMS is formed from the augmented SQL
parameter declaration list of COMS by replacing the <data type> of the first parameter (named
SELF) with the <schema-resolved user-defined type name> DN.

17) There shall be no SQL-invoked function F for which all of the following are true:

a) F is not an SQL-invoked method.

b) The <routine name> of F and the <routine name>MS have equivalent <qualified identifier>s.

c) Let NPF be the number of SQL parameters in ASPDL. F has NPF SQL parameters.

d) D is a subtype or supertype of the declared type of the first SQL parameter of F.

e) The declared type of the i-th SQL parameter in ASPDL, 2 ≤ i ≤ NPF is compatible with the
declared type of i-th SQL parameter of F.

18) If the descriptor of D includes any method specification descriptor, then:

a) LetM be the number of method specification descriptorsMSDi, 1 (one) ≤ i ≤M, included in
the descriptor of D.

b) For i ranging from 1 (one) toM:

i) Let Ni be the number of <SQL parameter declaration>s contained in the augmented
SQL parameter declaration list included inMSDi. Let PTi,j, 1 (one) ≤ j ≤ Ni, be the j-th
<parameter type> contained inMSDi.

ii) At least one of the following conditions shall be false:

1) The <routine name> included inMSDi is equivalent toMN.

2) ASPDL has Ni <SQL parameter declaration>s.
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3) The data type of PTi,j, 1 (one) ≤ j ≤ Ni, is compatible with the data type of the j-th
<SQL parameter declaration> ofMPDL.

4) MSDi does not include an indication that CONSTRUCTOR was specified.

Access Rules

None.

General Rules

1) Let STDSbe thedescriptor ofD, and letDCMSbe thedescriptor of the corresponding originalmethod
specification COMS. A method specification descriptor DOMS is created for OVMS. DOMS includes:

a) The <method name>MN.

b) The <specific method name> contained in POVMS.

c) An indication that the method specification is overriding.

d) The augmented SQL parameter declaration list APDL.

e) For every SQL parameter in APDL, the locator indication of the corresponding SQL parameter
included in DCMS (if any).

f) The <returns data type> contained in POVMS.

g) The <result cast from type> included in DCMS (if any).

h) The locator indication contained in the <returns clause> included in the DCMS.

i) The <language name> included in DCMS.

j) If the <language name> is not SQL, then the <parameter style> included in DCMS.

k) The determinism indication included in DCMS.

l) The SQL-data access indication included in DCMS (if any).

m) The indication included in DCMSwhether the method is to be invoked if any argument is the
null value.

n) The CURRENT_TIMESTAMP as the value of the creation timestamp.

o) The CURRENT_TIMESTAMP as the value of the last-altered timestamp.

2) DOMS is added to STDS.

3) Let N be the number of table descriptors that include the user-defined type name of a subtype of
D.

For i varying from 1 (one) to N:

a) Let TNi be the object included in the i-th such table descriptor.

b) LetM be the number of table/method privilege descriptors that specify as object the
table/methodpair consisting ofTNi and themethod identifiedby the<specificmethodname>
contained in COMS. For j varying from 1 (one) toM:

i) Let TMPDj be the j-th such table/method privilege descriptor.
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ii) A new table/method privilege descriptor is created that specifies as object the
table/method pair consisting ofTNi and themethod identified by the <specificmethod
name> contained inOVMS, action SELECT, the same grantor and grantee, and the same
grantability.

iii) TMPDj is deleted.

Conformance Rules

None.
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11.58 <drop method specification>

Function

Remove a method specification from a user-defined type.

Format
<drop method specification> ::=
DROP <specific method specification designator> RESTRICT

<specific method specification designator> ::=
[ INSTANCE | STATIC | CONSTRUCTOR ]

METHOD <method name> <data type list>

Syntax Rules

1) Let D be the user-defined type identified by the <schema-resolved user-defined type name> DN
immediately contained in the <alter type statement> containing the <drop method specification>
DORMS. LetDSN be the explicit or implicit <schemaname> ofDN. Let SMSD be the <specificmethod
specification designator> immediately contained in DORMS.

2) If SMSD immediately contains a <specific method name> SMN, then:

a) If SMN contains a <schema name>, then that <schema name> shall be equivalent to DSN.
Otherwise, the <schema name> DSN is implicit.

b) The descriptor of D shall include a method specification descriptor DOOMSwhose specific
method name is equivalent to SMN.

c) Let PDL be the augmented SQL parameter declaration list included in DOOMS.

d) LetMN be the <method name> included in DOOMS.

3) If SMSD immediately contains a <method name>ME, then:

a) If none of INSTANCE, STATIC, or CONSTRUCTOR is immediately contained in SMSD, then
INSTANCE is implicit.

b) The descriptor of D shall include a method specification descriptor DOOMSwhose method
nameMN is equivalent toME.

c) If SMSD immediately contains a <data type list> DTL, then

Case:

i) If STATIC is specified, then the descriptor of D shall include exactly one method spe-
cification descriptor DOOMS that includes:

1) An indication that the method specification is STATIC.

2) An indication that the method specification is original.

3) An augmented SQL parameter declaration list PDL such that the declared type of
its i-th parameter, for all i, is identical to the i-th declared type in DTL.

ii) If CONSTRUCTOR is specified, then thedescriptor ofD shall include exactly onemethod
specification descriptor DOOMS that includes:
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An indication that the method specification is CONSTRUCTOR.1)

2) An indication that the method specification is original.

3) An augmented SQL parameter declaration list PDL such that the declared type of
its i-th parameter, for all i > 1 (one), is identical to the (i−1)-th declared type in
DTL and the declared type of the first parameter of PDL is identical to DN.

iii) Otherwise, the descriptor ofD shall include exactly onemethod specificationdescriptor
DOOMS for which:

1) If DOOMS includes an indication that the method specification is original, then
DOOMS shall not include an indication that the method specification is either
STATIC or CONSTRUCTOR.

2) DOOMS includes an augmented SQL parameter declaration list PDL such that the
declared type of its i-th parameter, for all i > 1 (one), is identical to the (i−1)-th
declared type inDTL and thedeclared typeof thefirst parameter ofPDL is identical
to DN.

d) If SMSD does not immediately contain a <data type list>, then

Case:

i) If STATIC is specified, then the descriptor of D shall include exactly one method spe-
cification descriptor DOOMS that includes indications that the method specification is
both original and STATIC.

ii) If CONSTRUCTOR is specified, then thedescriptor ofD shall include exactly onemethod
specificationdescriptorDOOMS that includes indications that themethod specification
is both original and CONSTRUCTOR.

iii) Otherwise, the descriptor ofD shall include exactly onemethod specificationdescriptor
DOOMS for which if DOOMS includes an indication that the method specification is
original, then DOOMS shall not include an indication that the method specification is
either STATIC or CONSTRUCTOR.

4) Case:

a) If DOOMS includes an indication that the method specification is original, then

Case:

i) If DOOMS includes an indication that the method specification specified STATIC, then
there shall be no SQL-invoked function F for which all of the following are true:

1) The <routine name> of F andMN have equivalent <qualified identifier>s.

2) If N is the number of elements in PDL, then F has N SQL parameters.

3) The declared type of the first SQL parameter of F is D.

4) The declared type of the i-th element of PDL, 1 (one) ≤ i ≤ N, is compatible with
the declared type of SQL parameter Pi of F.

5) F is an SQL-invoked method.

6) F includes an indication that STATIC is specified.

ii) IfDOOMS includes an indication that themethod specification specifiedCONSTRUCTOR,
then there shall be no SQL-invoked function F for which all of the following are true:
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The <routine name> of F andMN have equivalent <qualified identifier>s.1)

2) If N is the number of elements in PDL, then F has N SQL parameters.

3) The declared type of the first SQL parameter of F is D.

4) The declared type of the i-th element of PDL, 2 ≤ i ≤ N, is compatible with the
declared type of SQL parameter Pi of F.

5) F is an SQL-invoked method.

6) F includes an indication that CONSTRUCTOR is specified.

iii) Otherwise:

1) There shall be no proper subtype PSBD of Dwhose descriptor includes the
descriptor DOVMS of an overriding method specification such that all of the fol-
lowing are true:

A) MN and the <method name> included inDOVMS have equivalent <qualified
identifier>s.

B) If N is the number of elements in PDL, then the augmented SQL parameter
declaration list APDL included in DOVMS has N SQL parameters.

C) PSBD is the declared type of the first SQL parameter of APDL.

D) The declared type of the i-th element of PDL, 2 ≤ i ≤ N, is compatible with
the declared type of SQL parameter Pi of APDL.

2) There shall be no SQL-invoked function F for which all of the following are true:

A) The <routine name> of F andMN have equivalent <qualified identifier>s.

B) If N is the number of elements in PDL, then F has N SQL parameters.

C) The declared type of the first SQL parameter of F is D.

D) The declared type of the i-th element of PDL, 2 ≤ i ≤ N, is compatible with
the declared type of SQL parameter Pi of F.

E) F is an SQL-invoked method.

F) F does not include an indication that either STATIC or CONSTRUCTOR is
specified.

b) Otherwise, there shall be no SQL-invoked function F for which all of the following are true:

i) The <routine name> of F andMN have equivalent <qualified identifier>s.

ii) If N is the number of elements in PDL, then F has N SQL parameters.

iii) The declared type of the first SQL parameter of F is D.

iv) The declared type of the i-th element of PDL, 2 ≤ i ≤ N, is compatible with the declared
type of SQL parameter Pi of F.

v) F is an SQL-invoked method.

vi) F does not include an indication that either STATIC or CONSTRUCTOR is specified.
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Access Rules

None.

General Rules

1) Let STDS be the descriptor of D.

2) DOOMS is removed from STDS.

3) DOOMS is destroyed.

Conformance Rules

None.
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11.59 <drop data type statement>
This Subclause is modified by Subclause 10.23, “<drop data type statement>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 10.7, “<drop data type statement>”, in ISO/IEC 9075-13.
This Subclause is modified by Subclause 11.13, “<drop data type statement>”, in ISO/IEC 9075-16.

Function

Destroy a user-defined type.

Format
<drop data type statement> ::=
DROP TYPE <schema-resolved user-defined type name> <drop behavior>

Syntax Rules

1) Let DN be the <schema-resolved user-defined type name> and let D be the data type identified by
DN.

2) Let RD be the reference type whose referenced type is D. Let SRD be the set of all supertypes of RD.
LetAD be the set of all collection typeswhose element type isD. Let SAD be set of all collection types
whose element type is a supertype of D or RD.

3) The schema identified by the explicit or implicit <schema name> of DN shall include the descriptor
of D.

4) If RESTRICT is specified, then:

a) No column, field, or attribute shall have a declared type in either SRD or SAD, unless its
descriptor is included in the descriptor of D.

b) The declared type of no column, attribute, or field shall be based on D.

c) D shall have no proper subtypes.

d) D shall not be the structured type of a referenceable table.

e) The transform descriptor included in the user-defined type descriptor of D shall include an
empty list of transform groups.

f) None of the following shall reference D, RD, or any collection type in AD:

i) The original <query expression> of any view descriptor.

ii) The <search condition> of any constraint descriptor.

iii) A triggered action of any trigger descriptor.

iv) A user-defined cast descriptor.

v) 04 16A user-defined type descriptor other than that of D itself.

g) There shall benoSQL-invoked routine that is not dependent onD andwhose routinedescriptor
includes the descriptor of D, RD, or any collection type in AD, or whose SQL routine body ref-
erences D, RD, or any collection type in AD.

h) For every SQL-invoked routine R dependent on D and whose routine descriptor includes the
descriptor of D or RD:
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R shall not be the subject routine of any <routine invocation>, <method invocation>,
<static method invocation>, or <method reference> that is contained in any of the fol-
lowing:

i)

1) The SQL routine body of any routine descriptor.

2) The original <query expression> of any view descriptor.

3) The <search condition> of any constraint descriptor.

4) 04 16The triggered action of any trigger descriptor.

ii) The specific name of R shall not be included in any user-defined cast descriptor.

iii) R shall not be the ordering function included in the descriptor of any user-defined type.
NOTE 624— If CASCADE is specified, then such referenced objects and such dependent objects will be dropped by
the execution of the <revoke statement> and/or explicitly by the SQL-schema manipulation statements specified in
the General Rules of this Subclause.

NOTE 625— The notion of an SQL-invoked routine being dependent on a user-defined type is defined in
Subclause 4.35, “SQL-invoked routines”.

NOTE 626—The notion of one data type being based on another data type is defined in Subclause 4.2, “Data types”.

Access Rules

1) The enabled authorization identifiers shall include the <authorization identifier> that owns the
schema identified by the implicit or explicit <schema name> of D.

General Rules

1) For every SQL-invoked routineR that referencesD,RD, or any collection type inADorwhose routine
descriptor includes the descriptor of D, RD, or any collection type in AD and that is not dependent
on D:

a) Let SN be the <specific name> of R.

b) The following <drop routine statement> is effectively executed without further Access Rule
checking:

DROP SPECIFIC ROUTINE SN CASCADE

NOTE 627— The notion of an SQL-invoked routine being dependent on a user-defined type is defined in
Subclause 4.35, “SQL-invoked routines”.

2) The following <drop transform statement> is effectively executed without further Access Rule
checking:

DROP TRANSFORM ALL FOR DN CASCADE

NOTE 628— This Rule normally has no effect, since any external routine that depends on the transform being
dropped also depends on the data type forwhich the transform is defined and hencewill have already been dropped
because of GR 1).

3) Let UDCD be the user-defined cast descriptor that references DN as the source data type. Let TDN
be the name of the target data type included in UDCD. The following <drop user-defined cast
statement> is effectively executed without further Access Rule checking:

DROP CAST ( DN AS TDN ) CASCADE
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4) Let UDCD be the user-defined cast descriptor that references DN as the target data type. Let SDN
be the name of the source data type included in UDCD. The following <drop user-defined cast
statement> is effectively executed without further Access Rule checking:

DROP CAST ( SDN AS DN ) CASCADE

5) Let UDCD be the user-defined cast descriptor that references the reference type whose referenced
type is DN as the source data type. Let TDN be the name of the target data type included in UDCD.
The following <drop user-defined cast statement> is effectively executed without further Access
Rule checking:

DROP CAST ( REF (DN) AS TDN ) CASCADE

6) Let UDCD be the user-defined cast descriptor that references the reference type whose referenced
type is DN as the target data type. Let SDN be the name of the source data type included in UDCD.
The following <drop user-defined cast statement> is effectively executed without further Access
Rule checking:

DROP CAST ( SDN AS REF (DN) ) CASCADE

7) For every privilege descriptor that references D, the following <revoke statement> is effectively
executed:

REVOKE PRIV ON TYPE DN FROM GRANTEE CASCADE

where PRIV and GRANTEE are respectively the action and grantee in the privilege descriptor.

8) The descriptor of every SQL-invoked routine that is said to be dependent on D is destroyed.
NOTE 629— The notion of an SQL-invoked routine being dependent on a user-defined type is defined in
Subclause 4.35, “SQL-invoked routines”.

9) The descriptor of D is destroyed.

Conformance Rules

1) 13Without Feature F032, “CASCADE drop behavior”, conforming SQL language shall not contain a
<drop data type statement> that contains a <drop behavior> that contains CASCADE.
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11.60 <SQL-invoked routine>
This Subclause is modified by Subclause 10.24, “<SQL-invoked routine>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 10.11, “<SQL-invoked routine>”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 10.8, “<SQL-invoked routine>”, in ISO/IEC 9075-13.
This Subclause is modified by Subclause 12.8, “<SQL-invoked routine>”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 11.4, “<SQL-invoked routine>”, in ISO/IEC 9075-15.

Function

Define an SQL-invoked routine.

Format
04 <SQL-invoked routine> ::=
<schema routine>

<schema routine> ::=
<schema procedure>

| <schema function>

<schema procedure> ::=
CREATE <SQL-invoked procedure>

<schema function> ::=
CREATE <SQL-invoked function>

<SQL-invoked procedure> ::=
PROCEDURE <schema qualified routine name> <SQL parameter declaration list>

<routine characteristics>
<routine body>

<SQL-invoked function> ::=
{ <function specification> | <method specification designator> } <routine body>

<SQL parameter declaration list> ::=
<left paren> [ <SQL parameter declaration>
    [ { <comma> <SQL parameter declaration> }... ] ] <right paren>

14 <SQL parameter declaration> ::=
[ <parameter mode> ]
    [ <SQL parameter name> ]

<parameter type> [ RESULT ]
    [ DEFAULT <parameter default> ]

<parameter default> ::=
<value expression>

| <contextually typed value specification>
| <descriptor value constructor>

<parameter mode> ::=
IN

| OUT
| INOUT

14 <parameter type> ::=
<data type> [ <locator indication> ]

| <generic table parameter type>
| <descriptor parameter type>
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<generic table parameter type> ::=
TABLE [ <pass through option> ] [ <generic table semantics> ]

<pass through option> ::=
PASS THROUGH

| NO PASS THROUGH

<generic table semantics> ::=
WITH ROW SEMANTICS

| WITH SET SEMANTICS [ <generic table pruning> ]

<generic table pruning> ::=
PRUNE ON EMPTY

| KEEP ON EMPTY

<descriptor parameter type> ::=
DESCRIPTOR

<locator indication> ::=
AS LOCATOR

<function specification> ::=
FUNCTION <schema qualified routine name> <SQL parameter declaration list>

<returns clause>
<routine characteristics>

    [ <dispatch clause> ]

<method specification designator> ::=
SPECIFIC METHOD <specific method name>

| [ INSTANCE | STATIC | CONSTRUCTOR ]
METHOD <method name> <SQL parameter declaration list>

    [ <returns clause> ]
FOR <schema-resolved user-defined type name>

<routine characteristics> ::=
[ <routine characteristic>... ]

<routine characteristic> ::=
<language clause>

| <parameter style clause>
| SPECIFIC <specific name>
| <deterministic characteristic>
| <SQL-data access indication>
| <null-call clause>
| <returned result sets characteristic>
| <savepoint level indication>

<savepoint level indication> ::=
NEW SAVEPOINT LEVEL

| OLD SAVEPOINT LEVEL

<returned result sets characteristic> ::=
DYNAMIC RESULT SETS <maximum returned result sets>

<parameter style clause> ::=
PARAMETER STYLE <parameter style>

<dispatch clause> ::=
STATIC DISPATCH

14 <returns clause> ::=
RETURNS <returns type>

<returns type> ::=
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<returns data type> [ <result cast> ]
| <returns table type>

<returns table type> ::=
TABLE [ <table function column list> ]

| ONLY PASS THROUGH

<table function column list> ::=
<left paren> <table function column list element>
    [ { <comma> <table function column list element> }... ] <right paren>

<table function column list element> ::=
<column name> <data type>

<result cast> ::=
CAST FROM <result cast from type>

<result cast from type> ::=
<data type> [ <locator indication> ]

14 <returns data type> ::=
<data type> [ <locator indication> ]

<routine body> ::=
<SQL routine spec>

| <external body reference>
| <polymorphic table function body>

<SQL routine spec> ::=
[ <rights clause> ] <SQL routine body>

<rights clause> ::=
SQL SECURITY INVOKER

| SQL SECURITY DEFINER

<SQL routine body> ::=
<SQL procedure statement>

<external body reference> ::=
EXTERNAL [ NAME <external routine name> ]
    [ <parameter style clause> ]
    [ <transform group specification> ]
    [ <external security clause> ]

<polymorphic table function body> ::=
[ <PTF private parameters> ]
    [ DESCRIBE WITH <PTF describe component procedure> ]
    [ START WITH <PTF start component procedure> ]

FULFILL WITH <PTF fulfill component procedure>
    [ FINISH WITH <PTF finish component procedure> ]

<PTF private parameters> ::=
PRIVATE [ DATA ] <private parameter declaration list>

<private parameter declaration list> ::=
<left paren> [ <SQL parameter declaration>
    [ { <comma> <SQL parameter declaration> }... ] ]

<right paren>

<PTF describe component procedure> ::=
<specific routine designator>

<PTF start component procedure> ::=
<specific routine designator>
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<PTF fulfill component procedure> ::=
<specific routine designator>

<PTF finish component procedure> ::=
<specific routine designator>

<external security clause> ::=
EXTERNAL SECURITY DEFINER

| EXTERNAL SECURITY INVOKER
| EXTERNAL SECURITY IMPLEMENTATION DEFINED

13 <parameter style> ::=
SQL

| GENERAL

<deterministic characteristic> ::=
DETERMINISTIC

| NOT DETERMINISTIC

<SQL-data access indication> ::=
NO SQL

| CONTAINS SQL
| READS SQL DATA
| MODIFIES SQL DATA

<null-call clause> ::=
RETURNS NULL ON NULL INPUT

| CALLED ON NULL INPUT

<maximum returned result sets> ::=
<unsigned integer>

<transform group specification> ::=
TRANSFORM GROUP { <single group specification> | <multiple group specification> }

<single group specification> ::=
<group name>

<multiple group specification> ::=
<group specification> [ { <comma> <group specification> }... ]

<group specification> ::=
<group name> FOR TYPE <path-resolved user-defined type name>

Syntax Rules

1) 09An <SQL-invoked routine> specifies an SQL-invoked routine. Let R be the SQL-invoked routine
specified by <SQL-invoked routine>.

2) If <SQL-invoked routine> immediately contains <schema routine>, then the SQL-invoked routine
identified by <schema qualified routine name> is a schema-level routine.

3) 13An <SQL-invoked routine> specified as an <SQL-invoked procedure> is called an SQL-invoked
procedure; an <SQL-invoked routine> specified as an <SQL-invoked function> is called an SQL-
invoked function. An <SQL-invoked function> that specifies a <method specification designator> is
further called an SQL-invoked method. An SQL-invoked method that specifies STATIC is called a
static SQL-invoked method. An SQL-invoked method that specifies CONSTRUCTOR is called an SQL-
invoked constructor method.

4) If <returns type> RST specifies <returns table type>, then

Case:
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a) If <table function column list> is not specified, or if some<parameter type> is either a <generic
table parameter type> or <descriptor parameter type>, thenR is a polymorphic table function.

b) Otherwise, R is amonomorphic table function.

5) An SQL-invoked function that is not an SQL-invoked method or a polymorphic table function is an
SQL-invoked regular function.

6) If R is a monomorphic table function, then <table function column list> shall be specified. Let TCL
be the <table function column list> contained in <returns table type>.

a) For every<columnname>CN contained inTCL,CN shall not be equivalent to anyother<column
name> contained in TCL.

b) RST is equivalent to the <returns type>

ROW TCL MULTISET

7) If R is not a polymorphic table function, then:

a) No<parameter type> shall be <generic table parameter type>or <descriptor parameter type>.

b) No <parameter default> shall be <descriptor value constructor>.

c) <polymorphic table function body> shall not be specified.

8) If <SQL-invoked routine> specifies an SQL-invoked method, then

Case:

a) If a <specific method name> SMN is specified, then:

i) Case:

1) If SMN does not contain <schema name>, then

Case:

A) If the <SQL-invoked routine> is contained in a <schema definition>, then
the <schema name> that is specified or implicit in the <schema definition>
is implicit.

B) Otherwise, the <schema name> that is specified or implicit for the <SQL-
client module definition> is implicit.

2) Otherwise, if <SQL-invoked routine> is contained in a <schema definition>, then
the <schema name> contained in SMN shall be equivalent to the specified or
implicit <schema name> of the containing <schema definition>.

ii) Let S be the schema identified by the implicit or explicit <schema name> of SMN.

iii) Let UDT be a user-defined type included in S. There shall exist a method specification
descriptor DMS included in the descriptor of UDTwhose <specific method name> is
SMN.

iv) LetMN be the number of SQL parameters in the unaugmented SQL parameter declara-
tion list inDMS.MN is thenumberof SQLparameters in theunaugmentedSQLparameter
declaration list of R.

v) If DMS includes <result cast> RC, then RC is the <result cast> of R.

vi) Let SPN be the <specific method name> in DMS. SPN is the <specific name> of R.
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vii) LetNPLbe the augmented SQLparameter declaration list ofDMS.NPL is the augmented
SQL parameter declaration list of R.

viii) Let RN be SN.<method name>, where SN is the <schema name> of the schema that
includes the descriptor of UDT.

b) Otherwise:

i) Let UDTN be the <schema-resolved user-defined type name> immediately contained
in <method specification designator>.

ii) 13 Let UDT be the user-defined type identified by UDTN.

iii) There shall exist a method specification descriptor DMS in the descriptor of UDT such
that the <method name> of DMS is equivalent to the <method name>, DMS indicates
STATIC if and only if the <method specification designator> specifies STATIC, DMS
indicates CONSTRUCTOR if and only if the <method specification designator> specifies
CONSTRUCTOR, and the declared type of every SQL parameter in the unaugmented
SQL parameter declaration list in DMS is compatible with the declared type of the cor-
responding SQL parameter in the <SQL parameter declaration list> contained in the
<method specificationdesignator>.DMS identifies the correspondingmethod specific-
ation of the <method specification designator>.

iv) LetMN be the number of SQL parameters in the unaugmented SQL parameter declara-
tion list in DMS.

v) Let PCOMSi, 1 (one) ≤ i ≤MN, be the i-th SQL parameter in the unaugmented SQL
parameter declaration list of DMS. Let POVMSi, 1 (one) ≤ i ≤MN, be the i-th SQL para-
meter contained in <method specification designator>.

vi) For i varying from 1 (one) toMN, the <SQL parameter name>s contained in PCOMSi
and POVMSi shall be equivalent.

vii) Let PDMSi, 1 (one) ≤ i ≤MN, be the declared type of the i-th SQL parameter in the
unaugmented SQL parameter declaration list in DMS. Let PSMi be the declared type of
the i-th SQL parameter contained in <method specification designator>.

viii) With i ranging from 1 (one) toMN, the Syntax Rules of Subclause 9.30, “Data type
identity”, are applied with PDMSi as TYPE1 and PSMi as TYPE2.

ix) Case:

1) If <returns clause> is specified, then let RT be the <returns data type> of R. Let
RDMS be the <returns data type> in DMS. The Syntax Rules of Subclause 9.30,
“Data type identity”, are applied with RT as TYPE1 and RDMS as TYPE2.

2) Otherwise, let RDMS be the <returns data type> of R.

x) If DMS includes <result cast> RC, then

Case:

1) If <returns clause> is specified, then <returns clause> shall contain <result cast>.
Let RDCT be the <data type> specified in RC. Let RCT be the <data type> specified
in the <result cast> contained in <returns clause>. The Syntax Rules of
Subclause 9.30, “Data type identity”, are applied with RDCT as TYPE1 and RCT as
TYPE2.

2) Otherwise, RC is the <result cast> of R.
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xi) Let SPN be the <specific method name> in DMS. SPN is the <specific name> of R.

xii) Let NPL be the augmented SQL parameter declaration list of DMS.

xiii) Let RN be SN.<method name>, where SN is the <schema name> of the schema that
includes the descriptor of UDT.

9) If <SQL-invoked routine> specifies an SQL-invoked procedure or an SQL-invoked regular function,
then:

a) 13<routine characteristics> shall contain at most one <language clause>, at most one <para-
meter style clause>, at most one <specific name>, at most one <deterministic characteristic>,
at most one <SQL-data access indication>, at most one <null-call clause>, and at most one
<returned result sets characteristic>.

b) <parameter style clause> shall not be specified both in <routine characteristics> and in
<external body reference>.

c) The <routine characteristics> of a <function specification> shall not contain a <returned result
sets characteristic>.

d) If the SQL-invoked routine is an SQL-invoked procedure and <returned result sets character-
istic> is not specified, then DYNAMIC RESULT SETS 0 (zero) is implicit.

e) If <deterministic characteristic> is not specified, then NOT DETERMINISTIC is implicit.

f) Case:

i) If PROCEDURE is specified, then:

1) <null-call clause> shall not be specified.

2) <routine characteristics> shall not contain more than one <savepoint level
indication>.

ii) Otherwise, if <null-call clause> is not specified, then CALLED ON NULL INPUT is
implicit.

g) <SQL-data access indication> shall be specified.

h) 04 If <language clause> is not specified, then LANGUAGE SQL is implicit.

i) 13An <SQL-invoked routine> that specifies or implies LANGUAGE SQL is called an SQL routine;
an <SQL-invoked routine> that does not specify LANGUAGE SQL is called an external routine.

j) If <savepoint level indication> is specified, then PROCEDURE shall be specified.

k) If PROCEDURE is specified and <savepoint level indication> is not specified, then OLD SAVE-
POINT LEVEL is implicit.

l) If NEW SAVEPOINT LEVEL is specified, then MODIFIES SQL DATA shall be specified.

m) If R is an SQL routine, then:

i) The <returns clause> shall not specify a <result cast>.

ii) <SQL-data access indication> shall not specify NO SQL.

iii) <parameter style clause> shall not be specified.

n) An array-returning external function is an SQL-invoked function that is an external routine
for which all of the following are true:
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A <result cast from type> is specified that does not contain a <locator indication> but
simply contains one of the following:

i)

1) An <array type>.

2) A <path-resolved user-defined type name> whose source type is an array type.

ii) A <result cast from type> is not specified and <returns data type> does not contain a
<locator indication> but simply contains one of the following:

1) An <array type>.

2) A <path-resolved user-defined type name> whose source type is an array type.

o) Amultiset-returning external function is an SQL-invoked function that is an external routine
for which at least one of the following is true:

i) A <result cast from type> is specified that does not contain a <locator indication> but
simply contains one of the following:

1) A <multiset type>.

2) A <path-resolved user-defined type name>whose source type is a multiset type.

ii) A <result cast from type> is not specified and <returns data type> does not contain a
<locator indication> but simply contains one of the following:

1) A <multiset type>.

2) A <path-resolved user-defined type name>whose source type is a multiset type.

p) 15 Let RN be the <schema qualified routine name> of R.

q) 04 If <SQL-invoked routine> is contained in a <schema definition> and RN contains a <schema
name> SN, then SN shall be equivalent to the specified or implicit <schema name> of the
containing <schema definition>. Let S be the SQL-schema identified by SN.

r) Case:

i) If R is an SQL-invoked regular function and the <SQL parameter declaration list> con-
tains an <SQL parameter declaration> that specifies a <data type> that is one of:

1) A user-defined type.

2) A collection type whose element type is a user-defined type.

3) A collection type whose element type is a reference type.

4) A reference type.

then <dispatch clause> shall be specified.

ii) Otherwise, <dispatch clause> shall not be specified.

s) If <specific name> is not specified, then an implementation-dependent (UV102) <specific
name> whose <schema name> is the equivalent to the <schema name> of S is implicit.

t) If <specific name> contains a <schema name>, then that <schema name> shall be equivalent
to the <schema name> of S. If <specific name> does not contain a <schema name>, then the
<schema name> of S is implicit.

u) The schema identified by the explicit or implicit <schema name> of the <specific name> shall
not include a routine descriptor whose specific name is equivalent to <specific name> or a
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user-defined type descriptor that includes a method specification descriptor whose specific
name is equivalent to <specific name>.

v) If <returns data type> RT simply contains <locator indication>, then:

i) R shall be an external routine.

ii) RT shall be either binary large object type, character large object type, array type,
multiset type, or user-defined type.

iii) <result cast> shall not be specified.

w) If <result cast from type> RCT simply contains <locator indication>, then:

i) R shall be an external routine.

ii) RCT shall be either binary large object type, character large object type, array type,
multiset type, or user-defined type.

x) If R is an external routine, then:

i) If <parameter style> is not specified, then PARAMETER STYLE SQL is implicit.

ii) 13 If R is a collection-returning external function, then PARAMETER STYLE SQL shall
be either specified or implied.

iii) Case:

1) If <transform group specification> is not specified, then a <multiple group spe-
cification>with a<group specification>GS for each<SQLparameterdeclaration>
contained in <SQL parameter declaration list> whose <parameter type> UDT1
identifies auser-defined typewithno<locator indication> is implicit. The<group
name> of GS is implementation-defined (ID155) and its <path-resolved user-
defined type name> is UDT1.

2) If <single group specification> with a <group name> GN is specified, then
<transformgroupspecification> is equivalent to a<transformgroupspecification>
that contains a <multiple group specification> that contains a <group specifica-
tion> GS for each <SQL parameter declaration> contained in <SQL parameter
declaration list> whose <parameter type> UDT1 identifies a user-defined type
withno<locator indication>. The<groupname>ofGS isGN and its <path-resolved
user-defined type name> is UDT1.

3) Otherwise, <multiplegroupspecification> is extendedwitha<groupspecification>
GS for each<SQLparameterdeclaration>contained in<SQLparameterdeclaration
list>whose<parameter type>UDT1 identifiesauser-defined typewithno<locator
indication> and no equivalent of UDT1 is contained in any <group specification>
contained in <multiple group specification>. The <group name> of GS is imple-
mentation-defined (ID155) and its <path-resolved user-defined type name> is
UDT1.

iv) If a <result cast> is specified, then let V be some value of the <data type> specified in
the <result cast> and let RT be the <returns data type>. The following shall be valid
according to the Syntax Rules of Subclause 6.13, “<cast specification>”:

CAST ( V AS RT )

y) 14 Let NPL be the <SQL parameter declaration list> contained in the <SQL-invoked routine>.

10) If R is a polymorphic table function, then:
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<method specification designator>, <language clause>, <parameter style clause>, <null-call
clause>, <returned result sets characteristic>, <savepoint level indication>, and <dispatch
clause> shall not be specified.

a)

b) If <SQL-data access indication> is not specified, then

Case:

i) If R has a parameter whose declared type is <generic table parameter type>, then
READS SQL DATA is implicit.

ii) Otherwise, CONTAINS SQL is implicit.

c) Let PTFSDAI be the explicit or implicit <SQL-data access indication>. PTFSDAI shall not be
MODIFIES SQL DATA.

d) <polymorphic table function body> shall be specified.

e) If <PTF private parameters> PTFPRIV is specified, then for each <SQL parameter declaration>
PTFPRIVPD contained in PTFPRIV:

i) PTFPRIVPD shall not specify <parameter mode>, <locator indication>, RESULT, or a
<parameter type> that is ROW, <generic table parameter type>, or <descriptor para-
meter type>.

ii) If PTFPRIVPD contains a <parameter default> PDEF, then let PV be a variable whose
declared type is specified by the <data type> contained in PTFPRIVPD. Syntax Rules of
Subclause 9.2, “Store assignment”, are applied with PV as TARGET and PDEF as VALUE.

iii) The SQL parameter declared by PTFPRIVPD is a private parameter of R.

f) Let PTFPUB be the <SQL parameter declaration list> simply contained in R.

g) For every <SQL parameter declaration> contained in PTFPUB:

i) <locator indication> shall not be specified.

ii) If <parameter type> is <generic table parameter type>, then:

1) <parameter default> shall not be specified.

2) If <pass through option> is not specified, then NO PASS THROUGH is implicit.

3) If <generic table semantics> is not specified, then WITH SET SEMANTICS is
implicit.

4) If WITH SET SEMANTICS is specified or implicit, and <generic table pruning> is
not specified, then KEEP ON EMPTY is implicit.

iii) If <parameter type> is <descriptor parameter type> and <parameter default> is spe-
cified, then <parameter default> shall be a <descriptor value constructor>; otherwise,
<descriptor value constructor> shall not be specified.

h) In the following rules, a parameter list ACTUALPL is said to conform to a parameter list TEM-
PLATEPL if they have the same number of parameters, and, for each parameter APLi of
ACTUALPL, the <parameter type> of APLi is the same as the <parameter type>, disregarding
the presence or absence of <locator indication>, of the parameter TPLi at the same ordinal
position in TEMPLATEPL.

i) If <PTF describe component procedure> is specified, then the Syntax Rules of
Subclause9.26, “Signatures of PTF component procedures”, are appliedwith “describe”
as COMPONENT, PTFPUB as PTF PARAMETER LIST, and PTFPRIV as PRIVATE PARA-
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METER LIST; let DESCPL be the COMPONENT PARAMETER LIST returned from the
application of those Syntax Rules. <PTF describe component procedure> shall identify
an SQL-invoked procedure DESCPROCwhose parameter list conforms to DESCPL.

ii) If <PTFstart componentprocedure> is specified, then theSyntaxRulesof Subclause9.26,
“Signatures of PTF component procedures”, are applied with “start” as COMPONENT,
PTFPUB as PTF PARAMETER LIST, and PTFPRIV as PRIVATE PARAMETER LIST; let
STARTPL be the COMPONENT PARAMETER LIST returned from the application of those
SyntaxRules. <PTFstart componentprocedure>shall identifyanSQL-invokedprocedure
STARTPROCwhose parameter list conforms to STARTPL.

iii) The Syntax Rules of Subclause 9.26, “Signatures of PTF component procedures”, are
applied with “fulfill” as COMPONENT, PTFPUB as PTF PARAMETER LIST, and PTFPRIV
asPRIVATEPARAMETERLIST; letFULPLbe theCOMPONENTPARAMETERLIST returned
from the application of those Syntax Rules. <PTF fulfill component procedure> shall
identify an SQL-invoked procedure FULPROCwhose parameter list conforms to FULPL.

iv) If <PTF finish component procedure> is specified, then the Syntax Rules of
Subclause 9.26, “Signatures of PTF component procedures”, are applied with “finish”
as COMPONENT, PTFPUB as PTF PARAMETER LIST, and PTFPRIV as PRIVATE PARA-
METER LIST; let FINPL be the COMPONENT PARAMETER LIST returned from the
application of those Syntax Rules. <PTF finish component procedure> shall identify an
SQL-invoked procedure FINPROCwhose parameter list conforms to FINPL.

i) If specified, DESCPROC is the PTF describe component procedure of R. If specified, STARTPROC
is the PTF start component procedure of R. FULPROC is the PTF fulfill component procedure of
R. If specified, FINPROC is the PTF finish component procedure of R. Collectively, these are are
the PTF component procedures of R.

j) For each PTF component procedure COMPPROC of R:

i) Let COMPSDAI be the <SQL-data access indication> of COMPPROC. COMPSDAI shall not
specify MODIFIES SQL DATA.

ii) If PTFSDAI is CONTAINS SQL, then COMPSDAI shall not be READS SQL DATA.

iii) If PTFSDAI is NO SQL, then COMPSDAI shall be NO SQL.

iv) COMPPROC shall not specify <returned result sets characteristic> or <savepoint level
indication>.

k) If DESCPROC is specified, then DESCPROC shall be deterministic.

l) If R is deterministic, then every PTF component procedure of R shall be deterministic.

m) If the <returns table type> does not contain <table function column list> or ONLY PASS
THROUGH, then DESCPROC shall be specified.

n) Let NPL be the <SQL parameter declaration list> contained in the <function specification>.

11) NPL specifies the list of SQL parameters of R. Each SQL parameter of R is specified by an <SQL
parameter declaration>. If <SQL parameter name> is specified, then that SQL parameter of R is
identified by an SQL parameter name.

12) NPL shall specify at most one <SQL parameter declaration> that specifies RESULT.

13) If R is an SQL-invoked function, then no <SQL parameter declaration> in NPL shall contain a
<parameter mode>.

14) If R is an SQL routine, then every <SQL parameter declaration> in NPL shall contain an <SQL para-
meter name>.
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15) No two <SQL parameter name>s contained in NPL shall be equivalent.

16) Let N and PN be the number of <SQL parameter declaration>s contained in NPL. For every <SQL
parameter declaration> PDi, 1 (one) ≤ i ≤ N:

a) <parameter type> PTi immediately contained in PDi shall not specify ROW.

b) If PTi simply contains <locator indication>, then:

i) R shall be an external routine.

ii) PTi shall specify either binary large object type, character large object type, array type,
multiset type, or user-defined type.

c) If PDi immediately contains RESULT, then:

i) R shall be an SQL-invoked function.

ii) PTi shall specify a structured type ST. Let STN be the <user-defined type name> that
identifies ST.

iii) The <returns data type> shall specify STN.

iv) R is a type-preserving function and PDi specifies the result SQL parameter of R.

d) If PDi does not contain a <parameter mode>, then a <parameter mode> that specifies IN is
implicit.

e) Let Pi be the i-th SQL parameter.

Case:

i) If the <parametermode> specifies IN, thenPi is an input SQLparameter. If a <parameter
default> PDEFi is specified, then the Syntax Rules of Subclause 9.2, “Store assignment”,
are applied with Pi as TARGET and PDEFi as VALUE.

ii) If the <parameter mode> specifies OUT, then Pi is an output SQL parameter. A <para-
meter default> shall not be specified.

iii) If the <parameter mode> specifies INOUT, then Pi is both an input SQL parameter and
an output SQL parameter. If a <parameter default> PDEFi is specified, then the Syntax
Rules of Subclause 9.2, “Store assignment”, are applied with Pi as TARGET and PDEFi
as VALUE.

17) The scope of RN is the <routine body> of R.

18) The scope of an <SQL parameter name> contained in NPL is the <routine body> RB of the <SQL-
invoked procedure> or <SQL-invoked function> that contains NPL.

19) An <SQL-invoked routine> shall not contain a <host parameter name>, a <dynamic parameter
specification>, or an <embedded variable name>.

20) Case:

a) If R is an SQL-invoked procedure, then S shall not include another SQL-invoked procedure
whose <schema qualified routine name> is equivalent to RN and whose number of SQL para-
meters is PN.

b) Otherwise:
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i) Case:

1) If R is a static SQL-invokedmethod, then let SCR be the set containing every static
SQL-invoked method of type UDT, including R, whose <schema qualified routine
name> is equivalent to RN and whose number of SQL parameters is PN.

2) If R is an SQL-invoked constructor method, then let SCR be the set containing
every SQL-invoked constructormethod of typeUDT, includingR, whose <schema
qualified routinename> is equivalent toRN andwhosenumberof SQLparameters
is PN.

3) Otherwise, let SCR be the set containing every SQL-invoked function in S that is
neither a static SQL-invoked method nor an SQL-invoked constructor method,
including R, whose <schema qualified routine name> is equivalent to RN and
whose number of SQL parameters is PN.

ii) Let AL be an <SQL argument list> constructed from a list of arbitrarily-selected values
in which the declared type of every value Ai in AL is compatible with the declared type
of the corresponding SQL parameter Pi of R.

iii) For every Ai, eliminate from SCR every SQL-invoked routine SIR for which the type
designator of the declared type of the SQL parameter Pi of SIR is not in the type prece-
dence list of the declared type of Ai.

iv) The Syntax Rules of Subclause 9.6, “Subject routine determination”, are applied with
AL as SQL ARGUMENT LIST and SCR as SET OF SQL-INVOKED ROUTINES; let SR be the
SET OF SUBJECT ROUTINES returned from the application of those Syntax Rules. There
shall be exactly one subject routine in SR.

21) If R is an SQL-invoked method but not a static SQL-invoked method, then the first SQL parameter
of NPL is called the subject parameter of R.

22) If R is an SQL-invoked regular function Fwhose first SQL parameter has a declared type that is a
user-defined type, then:

a) Let UDT2 be the declared type of the first SQL parameter of F.

b) LetDMS be amethod specification descriptor of an instancemethod in the descriptor ofUDT2
such that:

i) The <schema qualified routine name> of F and the <routine name> of DMS have equi-
valent <qualified identifier>s.

ii) F and the augmented SQL parameter declaration list of DMS have the same number of
SQL parameters.

c) LetPDMSi, 1 (one)≤ i≤PN−1, be the declared type of the i-th SQLparameter in the unaugmen-
ted SQL parameter declaration list in DMS and let PMSi, 1 (one) ≤ i ≤ PN, be the declared type
of the i-th SQL parameter contained in <function specification>.

d) Exactly one of the following shall be false:

i) The declared type of PDMSi, 1 (one) ≤ i ≤ PN−1 is compatible with the declared type of
SQL parameter PMSi+1.

ii) UDT2 is a subtype or a supertype of the declared type of PMS1.

23) If R is an SQL routine, then:

a) <SQL routine spec> shall be specified.
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b) If <rights clause> is not specified, then SQL SECURITY DEFINER is implicit.

c) If READS SQL DATA is specified, then it is implementation-defined (IA075) whether the <SQL
routine body> shall not contain an SQL-statement that possibly modifies SQL-data.

d) If CONTAINS SQL is specified, then it is implementation-defined (IA076) whether the <SQL
routine body> shall not contain an SQL-statement that possibly reads SQL-data or possibly
modifies SQL-data.

e) If DETERMINISTIC is specified, then it is implementation-defined (IA077) whether the <SQL
routine body> shall not contain a potential source of non-determinism.

f) It is implementation-defined (IA078) whether the <SQL routine body> shall not contain an
<SQL connection statement>, an <SQL schema statement>, an <SQL dynamic statement>, or
an <SQL transaction statement> other than a <savepoint statement>, <release savepoint
statement>, or a <rollback statement> that specifies a <savepoint clause>.

NOTE 630— Conforming SQL language must not contain an <SQL connection statement> or an <SQL trans-
action statement> other than a <savepoint statement>, a <release savepoint statement>, or a <rollback
statement> that specifies a <savepoint clause>, but an SQL-implementation is not required to treat this as a
syntax error.

g) An <SQL routine body> shall not immediately contain an <SQL procedure statement> that
simply contains a <schema definition>.

h) 04An <SQL routine body> shall not immediately contain an <SQL procedure statement> that
simply contains a <table reference> that identifies an SQL-client module declared local tem-
porary table.

24) If R is an external routine, then:

a) <SQL routine spec> shall not be specified.

b) If <external security clause> is not specified, then EXTERNAL SECURITY IMPLEMENTATION
DEFINED is implicit.

c) If an <external routine name> is not specified, then an <external routine name> that is equi-
valent to the <qualified identifier> of R is implicit.

d) If PARAMETER STYLE SQL is specified, then:

i) Case:

1) If R is a collection-returning external function with the element type being a row
type, then let FRN be the degree of the element type.

2) Otherwise, let FRN be 1 (one).

ii) If R is a collection-returning external function, then let AREF be FRN+6. Otherwise, let
AREF be FRN+4.

iii) If R is an SQL-invoked function, then let the effective SQL parameter list be a list of
PN+FRN+N+AREF SQL parameters, as follows:

1) For i ranging from 1 (one) to PN, the i-th effective SQL parameter list entry is
defined as follows.

Case:

A) 14 If the <parameter type> Ti simply contained in the i-th <SQL parameter
declaration> contains <locator indication>, then the i-th effective SQL
parameter list entry is the i-th <SQL parameter declaration> with the
<parameter type> replaced by INTEGER.
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B) If the<parameter type>Ti immediately contained in the i-th <SQLparameter
declaration> is a<path-resolveduser-defined typename>without a<locator
indication>, then:

I) Case:

1) If R is an SQL-invoked method that is an overriding method,
then the Syntax Rules of Subclause 9.32, “Determination of a
from-sql function for an overriding method”, are applied with
R as ROUTINE and i as POSITION; let FSFi be the FROM-SQL
FUNCTION returned from the applicationof those SyntaxRules.

2) Otherwise, the Syntax Rules of Subclause 9.31, “Determination
of a from-sql function”, are appliedwith the data type identified
by Ti as TYPE and the <group name> contained in the <group
specification> that contains Ti as GROUP; let FSFi be the FROM-
SQL FUNCTION returned from the application of those Syntax
Rules.

II) FSFi is called the from-sql function associated with the i-th SQL para-
meter.

III) The i-th effective SQLparameter list entry is the i-th <SQLparameter
declaration> with the <parameter type> replaced by the <returns
data type> of FSFi.

C) Otherwise, the i-th effective SQL parameter list entry is the i-th <SQL para-
meter declaration>.

2) Case:

A) If FRN is 1 (one), then effective SQL parameter list entry PN+FRN has
<parameter mode> OUT; its <parameter type> PT is defined as follows:

I) If <result cast> is specified, then let RT be <result cast from type>;
otherwise, let RT be <returns data type>.

II) Case:

1) 14 If RT simply contains <locator indication>, then PT is
INTEGER.

2) If RT specifies a <path-resolved user-defined type name>
without a <locator indication>, then:

a) Case:

i) IfR is an SQL-invokedmethod that is an overriding
method, then the Syntax Rules of Subclause 9.34,
“Determination of a to-sql function for an overrid-
ing method”, are applied with R as ROUTINE; let
TSF be the TO-SQL FUNCTION returned from the
application of those Syntax Rules. There shall be
an applicable to-sql function TSF.

ii) Otherwise, the Syntax Rules of Subclause 9.33,
“Determination of a to-sql function”, are applied
with the data type identified by RT as TYPE and
the<groupname>contained in the<groupspecific-
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ation> that contains RT as GROUP; let TSF be the
TO-SQL FUNCTION returned from the application
of those Syntax Rules.

b) TSF is called the to-sql function.

c) Case:

i) If TSF is an SQL-invoked method, then PT is the
<parameter type> of the second SQL parameter of
TSF.

ii) Otherwise, PT is the <parameter type> of the first
SQL parameter of TSF.

3) If R is a collection-returning external function, then PT is the
element type of RT.

4) Otherwise, PT is RT.

B) Otherwise, for i ranging from PN+1 to PN+FRN, the i-th effective SQL para-
meter list entry is defined as follows:

I) Its <parameter mode> is OUT.

II) Let RFTi-PN be the data type of the i-PN-th field of the element type
of the <returns data type>. The <parameter type> PTi of the i-th
effective SQL parameter list entry is determined as follows.

Case:

1) If RFTi-PN specifies a <path-resolved user-defined type name>,
then:

a) Case:

i) IfR is an SQL-invokedmethod that is an overriding
method, then the Syntax Rules of Subclause 9.34,
“Determination of a to-sql function for an overrid-
ing method”, are applied with R as ROUTINE; let
TSF be the TO-SQL FUNCTION returned from the
application of those Syntax Rules. There shall be
an applicable to-sql function TSF.

ii) Otherwise, the Syntax Rules of Subclause 9.33,
“Determination of a to-sql function”, are applied
with the data type identified by RFTi-PN as TYPE
and the <group name> contained in the <group
specification> that contains RFTi-PN as GROUP; let
TSF be the TO-SQL FUNCTION returned from the
application of those Syntax Rules. There shall be
an applicable to-sql function TSF.

b) TSF is called the to-sql function associated with RFTi-PN.

c) Case:

i) If TSF is an SQL-invoked method, then PTi is the
<parameter type> of the second SQL parameter of
TSF.

© ISO/IEC 2023 – All rights reserved 1023

ISO/IEC 9075-2:2023(E)
11.60 <SQL-invoked routine>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


ii) Otherwise, PTi is the <parameter type> of the first
SQL parameter of TSF.

2) 14Otherwise, PTi is RFTi-PN.

3) Effective SQLparameter list entries (PN+FRN)+1 to (PN+FRN)+N+FRN areN+FRN
occurrences of SQL parameters of an implementation-defined (IV199) <data
type> that is an exact numeric type with scale 0 (zero). For i ranging from
(PN+FRN)+1 to (PN+FRN)+N+FRN, the <parameter mode> for the i-th such
effective SQL parameter is the same as that of the i−FRN−PN-th effective SQL
parameter.

4) Effective SQL parameter list entry (PN+FRN)+(N+FRN)+1 is an SQL parameter
of a <data type> that is character string of length 5 and the character set specified
for SQLSTATE values, with <parameter mode> INOUT.

NOTE 631— The character set specified for SQLSTATE values is defined in Subclause 24.1,
“SQLSTATE”.

5) Effective SQL parameter list entry (PN+FRN)+(N+FRN)+2 is an SQL parameter
of a <data type> that is character string of implementation-defined (IV049) length
and character set SQL_TEXT with <parameter mode> IN.

6) Effective SQL parameter list entry (PN+FRN)+(N+FRN)+3 is an SQL parameter
of a <data type> that is character string of implementation-defined (IV049) length
and character set SQL_TEXT with <parameter mode> IN.

7) Effective SQL parameter list entry (PN+FRN)+(N+FRN)+4 is an SQL parameter
of a <data type> that is character string of implementation-defined (IV049) length
and character set SQL_TEXT with <parameter mode> INOUT.

8) If R is a collection-returning external function, then:

A) Effective SQL parameter list entry (PN+FRN)+(N+FRN)+5 is an SQL para-
meter whose <data type> is character string of implementation-defined
(IV198) length and character set SQL_TEXTwith<parametermode> INOUT.

B) Effective SQL parameter list entry (PN+FRN)+(N+FRN)+6 is an SQL para-
meter whose <data type> is an exact numeric type with scale 0 (zero) and
with <parameter mode> IN.

iv) If R is an SQL-invoked procedure, then let the effective SQL parameter list be a list of
PN+N+4 SQL parameters, as follows:

1) For i ranging from 1 (one) to PN, the i-th effective SQL parameter list entry is
defined as follows.

Case:

A) 14 If the <parameter type> Ti simply contained in the i-th <SQL parameter
declaration> simply contains <locator indication>, then the i-th effective
SQL parameter list entry is the i-th <SQL parameter declaration> with the
<parameter type> replaced by INTEGER.

B) If the <parameter type> Ti simply contained in the i-th <SQL parameter
declaration> is a<path-resolveduser-defined typename>without a<locator
indication>, then:

I) Case:
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1) If the <parameter mode> immediately contained in the i-th
<SQL parameter declaration> is IN, then:

a) The Syntax Rules of Subclause 9.31, “Determination of a
from-sql function”, are applied with the data type identi-
fiedbyTi asTYPE and the <groupname> contained in the
<group specification> that contains Ti as GROUP; let FSFi
be the FROM-SQL FUNCTION returned from the applica-
tion of those Syntax Rules. FSFi is called the from-sql
function associated with the i-th SQL parameter.

b) The i-th effective SQLparameter list entry is the i-th <SQL
parameter declaration> with the <parameter type>
replaced by the <returns data type> of FSFi.

2) If the <parameter mode> immediately contained in the i-th
<SQL parameter declaration> is OUT, then:

a) The Syntax Rules of Subclause 9.33, “Determination of a
to-sql function”, are appliedwith the data type identified
by Ti as TYPE and the <group name> contained in the
<group specification> that contains Ti as GROUP; let TSFi
be the TO-SQL FUNCTION returned from the application
of those Syntax Rules. TSFi is called the to-sql function
associated with the i-th SQL parameter.

b) The i-th effective SQLparameter list entry is the i-th <SQL
parameter declaration> with the <parameter type>
replaced by

Case:

i) If TSFi is an SQL-invoked method, then the <para-
meter type> of the second SQL parameter of TSFi.

ii) Otherwise, the <parameter type> of the first SQL
parameter of TSFi.

3) Otherwise:

a) The Syntax Rules of Subclause 9.31, “Determination of a
from-sql function”, are applied with the data type identi-
fiedbyTi asTYPE and the <groupname> contained in the
<group specification> that contains Ti as GROUP; let FSFi
be the FROM-SQL FUNCTION returned from the applica-
tion of those Syntax Rules. FSFi is called the from-sql
function associated with the i-th SQL parameter.

b) The Syntax Rules of Subclause 9.33, “Determination of a
to-sql function”, are appliedwith the data type identified
by Ti as TYPE and the <group name> contained in the
<group specification> that contains Ti as GROUP; let TSFi
be the TO-SQL FUNCTION returned from the application
of those Syntax Rules. TSFi is called the to-sql function
associated with the i-th SQL parameter.
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c) The i-th effective SQLparameter list entry is the i-th <SQL
parameter declaration> with the <parameter type>
replaced by the <returns data type> of FSFi.

C) Otherwise, the i-th effective SQL parameter list entry is the i-th <SQL para-
meter declaration>.

2) Effective SQL parameter list entries PN+1 to PN+N are N occurrences of an SQL
parameter of an implementation-defined (IV199) <data type> that is an exact
numeric type with scale 0. The <parameter mode> for the i-th such effective SQL
parameter is the same as that of the i−PN-th effective SQL parameter.

3) Effective SQLparameter list entry (PN+N)+1 is an SQLparameter of a <data type>
that is character string of length 5 and character set SQL_TEXT with <parameter
mode> INOUT.

4) Effective SQLparameter list entry (PN+N)+2 is an SQLparameter of a <data type>
that is character string of implementation-defined (IV049) length and character
set SQL_TEXT with <parameter mode> IN.

5) Effective SQLparameter list entry (PN+N)+3 is an SQLparameter of a <data type>
that is character string of implementation-defined (IV049) length and character
set SQL_TEXT with <parameter mode> IN.

6) Effective SQLparameter list entry (PN+N)+4 is an SQLparameter of a <data type>
that is character string of implementation-defined (IV049) length and character
set SQL_TEXT with <parameter mode> INOUT.

e) 13 If PARAMETER STYLE GENERAL is specified, then let the effective SQL parameter list be a
list ofPNparameters such that, for i ranging from1 (one) toPN, the i-th effective SQLparameter
list entry is defined as follows.

Case:

i) 14 If the <parameter type> Ti simply contained in the i-th <SQL parameter declaration>
simply contains <locator indication>, then the i-th effective SQL parameter list entry
is the i-th <SQL parameter declaration> with the <parameter type> replaced by
INTEGER.

ii) If the <parameter type> Ti simply contained in the i-th <SQL parameter declaration>
is a <path-resolved user-defined type name> without a <locator indication>, then:

1) Case:

A) If the<parametermode> immediately contained in the i-th<SQLparameter
declaration> is IN, then:

I) The Syntax Rules of Subclause 9.31, “Determination of a from-sql
function”, are appliedwith the data type identified by Ti as TYPE and
the <group name> contained in the <group specification> that con-
tains Ti as GROUP; let FSFi be the FROM-SQL FUNCTION returned
from the application of those Syntax Rules. FSFi is called the from-sql
function associated with the i-th SQL parameter.

II) The i-th effective SQLparameter list entry is the i-th <SQLparameter
declaration> with the <parameter type> replaced by the <returns
data type> of FSFi.
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B) If the<parametermode> immediately contained in the i-th<SQLparameter
declaration> is OUT, then:

I) The Syntax Rules of Subclause 9.33, “Determination of a to-sql func-
tion”, are applied with the data type identified by Ti as TYPE and the
<group name> contained in the <group specification> that contains
Ti as GROUP; let TSFi be the TO-SQL FUNCTION returned from the
application of those Syntax Rules. TSFi is called the to-sql function
associated with the i-th SQL parameter.

II) The i-th effective SQLparameter list entry is the i-th <SQLparameter
declaration> with the <parameter type> replaced by

Case:

1) If TSFi is an SQL-invoked method, then the <parameter type>
of the second SQL parameter of TSFi.

2) Otherwise, the <parameter type> of the first SQL parameter of
TSFi.

C) Otherwise:

I) The Syntax Rules of Subclause 9.31, “Determination of a from-sql
function”, are appliedwith the data type identified by Ti as TYPE and
the <group name> contained in the <group specification> that con-
tains Ti as GROUP; let FSFi be the FROM-SQL FUNCTION returned
from the application of those Syntax Rules. FSFi is called the from-sql
function associated with the i-th SQL parameter.

II) The Syntax Rules of Subclause 9.33, “Determination of a to-sql func-
tion”, are applied with the data type identified by Ti as TYPE and the
<group name> contained in the <group specification> that contains
Ti as GROUP; let TSFi be the TO-SQL FUNCTION returned from the
application of those Syntax Rules. TSFi is called the to-sql function
associated with the i-th SQL parameter.

III) The i-th effective SQLparameter list entry is the i-th <SQLparameter
declaration> with the <parameter type> replaced by the <returns
data type> of FSFi.

iii) Otherwise, the i-th effective SQL parameter list entry is the i-th <SQL parameter
declaration>.

NOTE632— If the SQL-invoked routine is an SQL-invoked function, then the value returned from the external
routine is passed to the SQL-implementation in an implementation-dependent manner. An SQL parameter is
not used for this purpose.

f) Depending onwhether the <language clause> specifiesADA, C, COBOL, FORTRAN,M, PASCAL,
or PLI, let the operative data type correspondences table be Table 21, “Data type correspond-
ences for Ada”, Table 22, “Data type correspondences for C”, Table 23, “Data type correspond-
ences for COBOL”, Table 24, “Data type correspondences for Fortran”, Table 25, “Data type
correspondences for M”, Table 26, “Data type correspondences for Pascal”, or Table 27, “Data
type correspondences for PL/I”, respectively. Refer to the two columns of the operative data
type correspondences table as the SQL data type column and the host data type column.
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g) 13Every <data type> in an effective SQL parameter list entry shall specify a data type listed in
the SQL data type column for which the corresponding row in the host data type column is
not “None”.

h) 13 If R is an SQL-invoked function and PARAMETER STYLE GENERAL is specified, then the
<data type> immediately contained in a <returns data type> shall specify a data type listed
in the SQL data type column for which the corresponding row in the host data type column
is not “None”.

25) 13Case:

a) If <method specification designator> is specified, then:

i) R is deterministic if DMS indicates that the method is deterministic; otherwise, R is
possibly non-deterministic.

ii) R possibly modifies SQL-data if the SQL-data access indication of DMS indicates that
the method possibly modifies SQL-data. R possibly reads SQL-data if the SQL-data
access indication ofDMS indicates that themethod possibly reads SQL-data.R possibly
contains SQL if the SQL-data access indicationofDMS indicates that themethodpossibly
contains SQL. Otherwise, R does not possibly contain SQL.

b) Otherwise:

i) If DETERMINISTIC is specified, then R is deterministic; otherwise, it is possibly non-
deterministic.

ii) An <SQL-invoked routine> possibly modifies SQL-data if and only if <SQL-data access
indication> specifies MODIFIES SQL DATA.

iii) An <SQL-invoked routine> possibly reads SQL-data if and only if <SQL-data access
indication> specifies READS SQL DATA.

iv) An <SQL-invoked routine> possibly contains SQL if and only if <SQL-data access indica-
tion> specifies CONTAINS SQL.

v) An <SQL-invoked routine> does not possibly contain SQL if and only if <SQL-data access
indication> specifies NO SQL.

26) IfR is a schema-level routine, then let the containing schemabe the schema identifiedby the<schema
name> explicitly or implicitly contained in <schema qualified routine name>.

27) 14 If the <SQL-invoked routine> is contained in a <schema definition>, then let A be the explicit or
implicit <authorization identifier>of the<schemadefinition>; otherwise, letAbe the<authorization
identifier> that owns the schema identifiedby the explicit or implicit <schemaname>of the<schema
qualified routine name>.

Access Rules

1) 13 If an <SQL-invoked routine> is contained in an <SQL-client module definition>Mwith no inter-
vening <schema definition>, then the enabled authorization identifiers shall include the <authoriz-
ation identifier> that owns S.

2) If R is an external routine and if any of its SQL parameters have an associated from-sql function or
a to-sql function, or if R has a to-sql function associated with the result, then

Case:

a) If <SQL-invoked routine> is contained,without an intervening<SQL routine spec> that specifies
SQL SECURITY INVOKER, in an <SQL schema statement>, then the applicable privileges of the
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<authorization identifier> that owns the containing schema shall include EXECUTE on all
from-sql functions (if any) and on all to-sql functions (if any) associated with the SQL para-
meters and on the to-sql function associated with the result (if any).

b) Otherwise, the current privileges shall include EXECUTE on all from-sql functions (if any) and
on all to-sql functions (if any) associated with the SQL parameters and on the to-sql function
associated with the result (if any).

3) If R is a polymorphic table function, then

Case:

a) If <SQL-invoked routine> is contained,without an intervening<SQL routine spec> that specifies
SQL SECURITY INVOKER, in an <SQL schema statement>, then the applicable privileges of the
<authorization identifier> that owns the containing schema shall include EXECUTEon all PTF
component procedures of R.

b) Otherwise, the current privileges shall include EXECUTE on all PTF component procedures
of R.

General Rules

1) IfR is a schema-level routine, thenaprivilegedescriptor is created that defines theEXECUTEprivilege
on R to the <authorization identifier> that owns the schema that includes R. The grantor for the
privilege descriptor is set to the special grantor value "_SYSTEM". This privilege is grantable if and
only if exactly one of the following is true:

a) R is an SQL routine and all of the privileges necessary for the <authorization identifier> to
successfully execute the <SQL procedure statement> contained in the <routine body> are
grantable. The necessary privileges include the EXECUTE privilege on every subject routine
of every <routine invocation> contained in the <SQL procedure statement>.

b) R is an SQL routine and SQL SECURITY INVOKER is specified.

c) R is an external routine.

2) Case:

a) If <SQL-invoked routine> is contained in a <schema definition>, then let DP be the SQL-path
of that <schema definition>.

b) If <SQL-invoked routine> is contained in a <preparable statement> or in a <direct SQL state-
ment>, then let DP be the SQL-path of the current SQL-session.

c) Otherwise, let DP be the SQL-path of the <SQL-client module definition> that contains <SQL-
invoked routine>.

3) If <method specification designator> is not specified, then a routine descriptor is created that
describes the SQL-invoked routine being defined:

a) The routine name included in the routine descriptor is <schema qualified routine name>.

b) The specific name included in the routine descriptor is <specific name>.

c) The routine descriptor includes, for each SQL parameter in NPL:

i) The name.

ii) The declared type. If <parameter type> is <generic table parameter type>, then the
declared type isgeneric table type. If <parameter type> is <descriptor parameter type>,
then the declared type is descriptor type.
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iii) The ordinal position.

iv) An indication of whether the SQL parameter is input, output, or both.

v) An indication of whether the SQL parameter is a result SQL parameter.

vi) An indication of whether the SQL parameter has a default value and, if so, the <para-
meter default>.

vii) If the declared type is generic table type, then:

1) An indication of whether PASS THROUGH or NO PASS THROUGH is specified.

2) An indication of whether WITH SET SEMANTICS or WITH ROW SEMANTICS is
specified.

3) IfWITH SET SEMANTICS is specified, then an indication of whether KEEPWHEN
EMPTY or PRUNEWHEN EMPTY is specified.

d) If the SQL-invoked routine is a polymorphic table function, then the routinedescriptor includes,
for each private parameter:

i) The name.

ii) The declared type.

iii) The ordinal position.

iv) An indication of whether the private parameter has a default value and, if so, the
<parameter default>.

e) The maximum number of returned result sets included in the routine descriptor is

Case:

i) If the SQL-invoked routine is an SQL-invoked procedure, then the explicit or implicit
value of <maximum returned result sets>.

ii) Otherwise, 0 (zero).

f) The routine descriptor includes an indication of whether the SQL-invoked routine is an SQL-
invoked function or an SQL-invoked procedure.

g) If the SQL-invoked routine is an SQL-invoked function, then:

i) The routine descriptor includes an indication that the SQL-invoked function is not an
SQL-invoked method.

ii) Case:

1) If the<returns clause> contains a<returns table type>, then the routinedescriptor
includes the <returns table type>.

2) Otherwise, the routine descriptor includes the data type in the <returns data
type>. If the <returns data type> simply contains <locator indication>, then the
routine descriptor includes an indication that the return value is a locator.

iii) TheSQL-invoked routinedescriptor includes an indicationofwhether theSQL-invoked
routine is a null-call function.

h) If the SQL-invoked routine is a type-preserving function, then the routine descriptor includes
an indication that the SQL-invoked routine is a type-preserving function.
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i) The name of the language in which the body of the SQL-invoked routine was written is the
<language name> contained in the <language clause>.

j) Case:

i) If the SQL-invoked routine is an SQL routine, then the SQL routine body of the routine
descriptor is the <SQL routine body>.

ii) If the SQL-invoked routine is a polymorphic table function, then the routine descriptor
includes the descriptors of the PTF describe component procedure (if specified), the
PTF start component procedure (if specified), the PTF fulfill component procedure and
the PTF finish component procedure (if specified).

k) If the SQL-invoked routine is an SQL-invoked function orNEWSAVEPOINTLEVEL is specified,
then the routinedescriptor includes an indication that a newsavepoint level is to be established
whenever the routine is invoked.

NOTE 633— The use of savepoint levels is dependent on Feature T272, “Enhanced savepoint management”.

l) Case:

i) If SQL SECURITY INVOKER is specified, then the SQL security characteristic in the
routine descriptor is INVOKER.

ii) Otherwise, the SQL security characteristic in the routine descriptor is DEFINER.

m) If the SQL-invoked routine is an external routine, then:

i) The external name of the routine descriptor is <external routine name>.

ii) 13The routine descriptor includes an indication of whether the parameter passing style
is:

1) PARAMETER STYLE SQL

2) PARAMETER STYLE GENERAL.

n) The SQL-invoked routinedescriptor includes an indicationofwhether the SQL-invoked routine
is DETERMINISTIC or NOT DETERMINISTIC.

o) The routine descriptor includes an indication of whether the SQL-invoked routine does not
possibly contain SQL, possibly contains SQL, possibly reads SQL-data, or possibly modifies
SQL-data.

p) If the SQL-invoked routine specifies a <result cast>, then the routine descriptor includes an
indication that the SQL-invoked routine specifies a <result cast> and the <data type> specified
in the <result cast>. If <result cast> contains <locator indication>, then the routine descriptor
includes an indication that the<data type> specified in the<result cast>has a locator indication.

q) For every SQL parameter that has an associated from-sql function FSF, the routine descriptor
includes the specific name of FSF.

r) 14 For every SQL parameter that has an associated to-sql function TSF, the routine descriptor
includes the specific name of TSF.

s) 14 If R is an external function and if R has a to-sql function associated with its result TRF, then
the routine descriptor includes the specific name of TRF.

t) For every SQL parameter whose <SQL parameter declaration> contains <locator indication>,
the routine descriptor includes an indication that the SQL parameter is a locator parameter.

u) The routine authorization identifier included in the routine descriptor is the <authorization
identifier> that owns S.
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v) The routine SQL-path included in the routine descriptor is DP.
NOTE 634— The routine SQL-path is used to set the routine SQL-path of the current SQL-session when R is
invoked. The routine SQL-path of the current SQL-session is used by the Syntax Rules of Subclause 9.18,
“Invoking an SQL-invoked routine”, to define the subject routines of <routine invocation>s contained in R.
The same routine SQL-path is used whenever R is invoked.

w) 04The routine descriptor includes an indication of whether the routine is a schema-level
routine.

x) The routine descriptor includes an indication of whether the SQL-invoked routine is
dependent on a user-defined type.

NOTE 635— The notion of an SQL-invoked routine being dependent on a user-defined type is defined in
Subclause 4.35, “SQL-invoked routines”.

4) If <method specificationdesignator> is specified, then letDMSbe thedescriptor of the corresponding
method specification. A routine descriptor is created that describes the SQL-invoked routine being
defined.

a) The routine name included in the routine descriptor is RN.

b) The specific name included in the routine descriptor is <specific name>.

c) The routine descriptor includes, for each SQL parameter in NPL, the name, declared type,
ordinal position, an indication of whether the SQL parameter is input, output, or both, and an
indication of whether the SQL parameter is a result SQL parameter.

d) The routine descriptor includes an indication that the SQL-invoked routine is an SQL-invoked
function that is an SQL-invokedmethod, the nameofUDT, and an indicationofwhether STATIC
or CONSTRUCTOR was specified.

e) If the SQL-invoked routine is a type-preserving function, then the routine descriptor includes
an indication that the SQL-invoked routine is a type-preserving function.

f) If the SQL-invoked routine is a mutator function, then the routine descriptor includes an
indication that the SQL-invoked routine is a mutator function.

g) The routine descriptor includes the data type in the <returns data type>.

h) The name of the language in which the body of the SQL-invoked routine was written is the
<language name> contained in the <language clause> in DMS.

i) If the SQL-invoked routine is anSQL routine, then theSQL routinebodyof the routinedescriptor
is the <SQL routine body>.

j) Case:

i) If SQL SECURITY INVOKER is specified, then the SQL security characteristic in the
routine descriptor is INVOKER.

ii) Otherwise, the SQL security characteristic in the routine descriptor is DEFINER.

k) If the SQL-invoked routine is an external routine, then:

i) The external name of the routine descriptor is <external routine name>.

ii) The routine descriptor includes an indication of whether the parameter passing style
is PARAMETER STYLE SQL or PARAMETER STYLE GENERAL, which is the same as the
indication of <parameter style> in DMS.

l) The routine descriptor includes an indicationofwhether the SQL-invoked routine is determin-
istic.
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m) The routine descriptor includes an indication of whether the SQL-invoked routine possibly
modifies SQL-data, possibly read SQL-data, possibly contains SQL, or does not possibly contain
SQL.

n) The routine descriptor includes an indication of whether the SQL-invoked routine is a null-
call function, which is the same as the indication in DMS.

o) If DMS specifies a <result cast>, then the routine descriptor includes an indication that the
SQL-invoked routine specifies a <result cast> and the <data type> specified in the <result
cast> of DMS.

p) The routine authorization identifier included in the routine descriptor is the <authorization
identifier> that owns S.

q) The routine SQL-path included in the routine descriptor is DP.
NOTE 636— The routine SQL-path is used to set the routine SQL-path of the current SQL-session when R is
invoked. The routine SQL-path of the current SQL-session is used by the Syntax Rules of Subclause 9.18,
“Invoking an SQL-invoked routine”, to define the subject routine of <routine invocation>s contained in R. The
same routine SQL-path is used whenever R is invoked.

r) The routine descriptor includes an indication ofwhether the routine is a schema-level routine.

s) The routine descriptor includes an indication of whether the SQL-invoked routine is
dependent on a user-defined type.

NOTE 637— The notion of an SQL-invoked routine being dependent on a user-defined type is defined in
Subclause 4.35, “SQL-invoked routines”.

5) The creation timestamp and the last-altered timestamp included in the routine descriptor are the
values of CURRENT_TIMESTAMP.

6) If R is an external routine, then the routine descriptor of R includes further elements determined
as follows:

a) Case:

i) 13 If <SQL-data access indication> in the descriptor of R is MODIFIES SQL DATA, READS
SQL DATA, or CONTAINS SQL, then:

1) Let P be the program identified by the <external routine name>.

2) The external routine SQL-path is the <schema name list> immediately contained
in the <path specification> that is immediately contained in the <module path
specification> of the <SQL-client module definition> of P.

ii) Otherwise, the external routine SQL-path is implementation-defined (ID156).
NOTE 638— The external routine SQL-path is used to set the routine SQL-path of the current SQL-session
when R is invoked. The routine SQL-path of the current SQL-session is used by the Syntax Rules of
Subclause 9.18, “Invoking an SQL-invoked routine”, to define the subject routines of <routine invocation>s
contained in the <SQL-client module definition> of P. The same external routine SQL-path is used whenever
R is invoked.

b) The external security characteristic in the routine descriptor is

Case:

i) If <external security clause> specifies EXTERNAL SECURITY DEFINER, then DEFINER.

ii) If <external security clause> specifies EXTERNAL SECURITY INVOKER, then INVOKER.

iii) Otherwise, EXTERNAL SECURITY IMPLEMENTATION DEFINED.

c) The effective SQL parameter list is the effective SQL parameter list.
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Conformance Rules

1) Without Feature T471, “Result sets return value”, conforming SQL language shall not contain a
<returned result sets characteristic>.

2) Without Feature T341, “Overloading of SQL-invoked functions and SQL-invoked procedures”, con-
forming SQL language shall not contain a <schema routine> in which the schema identified by the
explicit or implicit <schema name> of the <schema qualified routine name> includes a routine
descriptor whose routine name is <schema qualified routine name>.

3) Without Feature S023, “Basic structured types”, conforming SQL language shall not contain a
<method specification designator>.

4) Without Feature S241, “Transform functions”, conforming SQL language shall not contain a
<transform group specification>.

5) Without Feature S024, “Enhanced structured types”, an <SQL parameter declaration> shall not
contain RESULT.

6) Without Feature T571, “Array-returning external SQL-invoked functions”, conforming SQL language
shall not contain an <SQL-invoked routine> that defines an array-returning external function.

7) Without Feature T572, “Multiset-returning external SQL-invoked functions”, conforming SQL lan-
guage shall not contain an<SQL-invoked routine> that defines amultiset-returning external function.

8) Without Feature S203, “Array parameters”, conforming SQL language shall not contain a <parameter
type> that is based on an array type.

9) Without Feature S204, “Array as result type of functions”, conforming SQL language shall not contain
a <returns data type> that is based on an array type.

10) Without Feature S202, “SQL-invoked routines on multisets”, conforming SQL language shall not
contain a <parameter type> that is based on a multiset type.

11) Without Feature S202, “SQL-invoked routines on multisets”, conforming SQL language shall not
contain a <returns data type> that is based on a multiset type.

12) Without Feature T323, “Explicit security for external routines”, conforming SQL language shall not
contain an <external security clause>.

13) Without Feature S231, “Structured type locators”, conforming SQL language shall not contain a
<parameter type> that contains a <locator indication> and that simply contains a <data type> that
identifies a structured type.

14) Without Feature S231, “Structured type locators”, conforming SQL language shall not contain a
<returns data type> that contains a <locator indication> and that simply contains a <data type>
that identifies a structured type.

15) Without Feature S232, “Array locators”, conforming SQL language shall not contain a <parameter
type> that contains a <locator indication> and that simply contains a <data type> that identifies an
array type.

16) Without Feature S232, “Array locators”, conforming SQL language shall not contain a <returns data
type> that contains a <locator indication> and that simply contains a <data type> that identifies an
array type.

17) Without Feature S233, “Multiset locators”, conforming SQL language shall not contain a <parameter
type> that contains a <locator indication> and that simply contains a <data type> that identifies a
multiset type.
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18) Without Feature S233, “Multiset locators”, conforming SQL language shall not contain a <returns
data type> that contains a <locator indication> and that simply contains a <data type> that identifies
a multiset type.

19) Without Feature T049, “BLOB locator: non-holdable”, conforming SQL language shall not contain
a <parameter type> that contains a <locator indication> and that simply contains a <data type>
that identifies a binary large object type.

20) Without Feature T049, “BLOB locator: non-holdable”, conforming SQL language shall not contain
a <returns data type> that contains a <locator indication> and that simply contains a <data type>
that identifies a binary large object type.

21) Without Feature T039, “CLOB locator: non-holdable”, conforming SQL language shall not contain
a <parameter type> that contains a <locator indication> and that simply contains a <data type>
that identifies a character large object type.

22) Without Feature T039, “CLOB locator: non-holdable”, conforming SQL language shall not contain
a <returns data type> that contains a <locator indication> and that simply contains a <data type>
that identifies a character large object type.

23) Without Feature S027, “Create method by specific method name”, conforming SQL language shall
not contain a <method specification designator> that contains SPECIFIC METHOD.

24) Without Feature T324, “Explicit security for SQL routines”, conforming SQL language shall not
contain a <rights clause>.

25) Without Feature T326, “Table functions”, conforming SQL language shall not contain a <returns
table type>.

26) Without Feature T651, “SQL-schema statements in SQL routines”, conforming SQL language shall
not contain an <SQL routine body> that contains an SQL-schema statement.

27) Without Feature T652, “SQL-dynamic statements in SQL routines”, conforming SQL language shall
not contain an <SQL routine body> that contains an SQL-dynamic statement.

28) Without Feature T653, “SQL-schema statements in external routines”, conforming SQL language
shall not contain an <external routine name> that identifies a program in which an SQL-schema
statement appears.

29) Without Feature T654, “SQL-dynamic statements in external routines”, conforming SQL language
shall not contain an <external routine name> that identifies a program in which an SQL-dynamic
statement appears.

30) Without Feature T655, “Cyclically dependent routines”, conforming SQL language shall not contain
an <SQL routine body> that contains a <routine invocation> whose subject routine is generally
dependent on the routinedescriptor of the SQL-invoked routine specifiedby<SQL-invoked routine>.

31) Without Feature T272, “Enhanced savepoint management”, conforming SQL language shall not
contain a <routine characteristics> that contains a <savepoint level indication>.

32) Without Feature T522, “Default values for IN parameters of SQL-invoked procedures”, conforming
SQL language shall not contain an <SQL-invoked procedure> that contains an <SQL parameter
declaration> that explicitly or implicitly specifies a <parameter mode> of IN and that specifies a
<parameter default>.

33) Without FeatureT523, “Default values for INOUTparameters of SQL-invokedprocedures”, conform-
ing SQL language shall not contain an <SQL-invoked procedure> that contains an <SQL parameter
declaration> that explicitly or implicitly specifies a <parameter mode> of INOUT and that specifies
a <parameter default>.
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34) Without Feature T525, “Default values for parameters of SQL-invoked functions”, conforming SQL
language shall not contain an<SQL-invoked function> that contains an<SQLparameter declaration>
that specifies a <parameter default>.

35) WithoutFeatureB121, “Routine languageAda”, conformingSQL language shall not contain a<routine
characteristic> that contains a <language clause> that contains ADA.

36) Without Feature B122, “Routine language C”, conforming SQL language shall not contain a <routine
characteristic>that contains a <language clause> that contains C.

37) Without Feature B123, “Routine language COBOL”, conforming SQL language shall not contain a
<routine characteristic> that contains a <language clause> that contains COBOL.

38) Without Feature B124, “Routine language Fortran”, conforming SQL language shall not contain a
<routine characteristic> that contains a <language clause> that contains FORTRAN.

39) Without Feature B125, “Routine language MUMPS”, conforming SQL language shall not contain a
<routine characteristic> that contains a <language clause> that contains M.

40) Without Feature B126, “Routine language Pascal”, conforming SQL language shall not contain a
<routine characteristic> that contains a <language clause> that contains PASCAL.

41) Without Feature B127, “Routine language PL/I”, conforming SQL language shall not contain a
<routine characteristic> that contains a <language clause> that contains PLI.

42) WithoutFeatureB128, “Routine languageSQL”, conformingSQL language shall not contain a<routine
characteristic> that contains a <language clause> that contains SQL.

43) Without Feature B221, “Routine language Ada: VARCHAR and NUMERIC support”, if the <language
clause> of the <SQL-invoked routine> specifies ADA, then <parameter type> and <returns data
type> shall not specify CHARACTER VARYING or NUMERIC.

44) Without Feature B200, “Polymorphic table functions”, conforming SQL language shall not contain
an <SQL-invoked routine> that defines a polymorphic table function.

45) Without Feature B201, “More than one PTF generic table parameter”, an <SQL-invoked routine>
shall contain at most one <generic table parameter type>.

46) WithoutFeatureB204, “PRUNEWHENEMPTY”, an<SQL-invoked routine> shall not contain<generic
table pruning>.

47) Without Feature B205, “Pass-through columns”, an <SQL-invoked routine> shall not contain <pass
through option>.

48) Without Feature B205, “Pass-through columns”, <returns table type> shall not be ONLY PASS
THROUGH.

49) 13 14Without FeatureB206, “PTFdescriptor parameters”, an <SQL-invoked routine> shall not contain
<descriptor parameter type>.
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11.61 <alter routine statement>
This Subclause is modified by Subclause 10.9, “<alter routine statement>”, in ISO/IEC 9075-13.
This Subclause is modified by Subclause 11.14, “<alter routine statement>”, in ISO/IEC 9075-16.

Function

Alter a characteristic of an SQL-invoked routine.

Format
<alter routine statement> ::=
ALTER <specific routine designator>

<alter routine characteristics> <alter routine behavior>

<alter routine characteristics> ::=
<alter routine characteristic>...

<alter routine characteristic> ::=
<language clause>

| <parameter style clause>
| <SQL-data access indication>
| <null-call clause>
| <returned result sets characteristic>
| NAME <external routine name>

<alter routine behavior> ::=
RESTRICT

Syntax Rules

1) 13 Let SR be the SQL-invoked routine identified by the <specific routine designator> and let SN be
the <specific name> of SR. The schema identified by the explicit or implicit <schema name> of SN
shall include the descriptor of SR.

2) SR shall be a schema-level routine.

3) SR shall not be an SQL-invoked routine that is dependent on a user-defined type.
NOTE 639— “SQL-invoked routine dependent on a user-defined type” is defined in Subclause 4.35, “SQL-invoked
routines”.

4) If RESTRICT is specified, then:

a) SR shall not be the ordering function included in the descriptor of any user-defined typeUDT.

b) SR shall not be the subject routine of any <routine invocation>, <method invocation>, <static
method invocation>, <method reference>, or a PTF component procedure of any polymorphic
table function that is the subject routine of a <PTF derived table> that is contained in any of
the following:

i) The SQL routine body of any routine descriptor.

ii) The original <query expression> of any view descriptor.

iii) The <search condition> of any constraint descriptor.

iv) 16The triggered action of any trigger descriptor.

c) SN shall not be included in any of the following:
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i) A group descriptor of any transform descriptor.

ii) A user-defined cast descriptor.

5) SR shall be an external routine.

6) SR shall not be an SQL-invoked method that is an overriding method and the set of overriding
methods of SR shall be empty.

7) <alter routine characteristics> shall contain atmost one <language clause>, atmost one <parameter
style clause>, at most one <SQL-data access indication>, at most one <null-call clause>, at most one
<returned result sets characteristic>, and at most one <external routine name>.

8) If <returned result sets characteristic> is specified, then SR shall be an SQL-invoked procedure and
SR shall not be a PTF component procedure of a polymorphic table function.

9) If <null-call clause> is specified, then SR shall be an SQL-invoked function.

10) If SR is a PTF component procedure of a polymorphic table function, then:

a) <SQL-data access indication> shall not specify MODIFIES SQL DATA.

b) <returned result sets characteristic> and <savepoint level indication> shall not be specified.

11) If <language clause> is specified, then:

a) <language clause> shall not specify SQL.

b) Depending onwhether the <language clause> specifiesADA, C, COBOL, FORTRAN,M, PASCAL,
or PLI, let the operative data type correspondences table be Table 21, “Data type correspond-
ences for Ada”, Table 22, “Data type correspondences for C”, Table 23, “Data type correspond-
ences for COBOL”, Table 24, “Data type correspondences for Fortran”, Table 25, “Data type
correspondences for M”, Table 26, “Data type correspondences for Pascal”, or Table 27, “Data
type correspondences for PL/I”, respectively. Refer to the two columns of the operative data
type correspondences table as the SQL data type column and the host data type column.

c) Any <data type> in the effective SQL parameter list entry of SR shall specify a data type listed
in the SQL data type column for which the corresponding row in the host data type column
is not “None”.

NOTE 640— “Effective SQL parameter list” is defined in Subclause 11.60, “<SQL-invoked routine>”.

Access Rules

1) The enabled authorization identifiers shall include the <authorization identifier> that owns the
schema identified by the implicit or explicit <schema name> of SN.

General Rules

1) If SR is not a method, then the routine descriptor of SR is modified:

a) If <returned result sets characteristic> is specified, then the maximum number of returned
result sets is value of <maximum returned result sets>.

b) If <language clause> is specified, then the name of the language in which the body of the SQL-
invoked routine is written is <language name> contained in the <language clause>.

c) If <external routine name> is specified, then the external name of the routine descriptor is
<external routine name>.

1038 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
11.61 <alter routine statement>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


d) If <parameter style clause> is specified, then the routine descriptor includes an indication of
whether the parameter passing style is PARAMETER STYLE SQL or PARAMETER STYLE
GENERAL.

e) If the <SQL-data access indication> is specified, then the routine descriptor includes an
indication of whether the SQL-invoked routine’s <SQL-data access indication> is READS SQL
DATA, MODIFIES SQL DATA, CONTAINS SQL, or NO SQL.

f) If <null-call clause> is specified, then the routine descriptor includes an indication ofwhether
the SQL-invoked routine is a null-call function.

2) If SR is a method, then let DMS be the descriptor of the corresponding method specification. DMS
is modified:

a) If <language clause> is specified, then the method specification descriptor includes the <lan-
guage name> contained in the <language clause>.

b) If <parameter style clause> is specified, then the method specification descriptor includes an
indication ofwhether the parameter passing style is PARAMETER STYLE SQL or PARAMETER
STYLE GENERAL.

c) If the <SQL-data access indication> is specified, then the method specification descriptor
includes an indication of whether the SQL-invoked routine’s <SQL-data access indication> is
READS SQL DATA, MODIFIES SQL DATA, CONTAINS SQL, or NO SQL.

d) If <null-call clause> is specified, then themethod specificationdescriptor includes an indication
of whether the method is to be invoked if any argument is the null value.

3) If SR is a method, then the routine descriptor of SR is modified:

a) If <external routine name> is specified, then the external name of the routine descriptor is
<external routine name>.

b) If <parameter style clause> is specified, then the routine descriptor includes an indication of
whether the parameter passing style is PARAMETER STYLE SQL or PARAMETER STYLE
GENERAL.

4) The last-altered timestamp included in the routine descriptor of SR is the value of CUR-
RENT_TIMESTAMP.

Conformance Rules

1) Without Feature F381, “Extended schemamanipulation”, conforming SQL language shall not contain
an <alter routine statement>.
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11.62 <drop routine statement>
This Subclause is modified by Subclause 10.25, “<drop routine statement>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 10.12, “<drop routine statement>”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 10.10, “<drop routine statement>”, in ISO/IEC 9075-13.
This Subclause is modified by Subclause 11.15, “<drop routine statement>”, in ISO/IEC 9075-16.

Function

Destroy an SQL-invoked routine.

Format
<drop routine statement> ::=
DROP <specific routine designator> <drop behavior>

Syntax Rules

1) Let SR be the SQL-invoked routine identified by the <specific routine designator> and let SN be the
<specific name> of SR. The schema identified by the explicit or implicit <schema name> of SN shall
include the descriptor of SR.

2) SR shall be a schema-level routine.

3) SR shall not be dependent on any user-defined type.
NOTE 641— The notion of an SQL-invoked routine being dependent on a user-defined type is defined in
Subclause 4.35, “SQL-invoked routines”.

4) If RESTRICT is specified, then:

a) SR shall not be the ordering function included in the descriptor of any user-defined typeUDT.

b) SR shall not be a PTF component procedure of a polymorphic table function.

c) SR shall not be the subject routine of any <routine invocation>, <method invocation>, <static
method invocation>, or <method reference> that is contained in any of the following:

i) The SQL routine body of any routine descriptor.

ii) The <parameter default> of any SQL parameter of any routine descriptor.

iii) The original <query expression> of any view descriptor.

iv) The <search condition> of any constraint descriptor.

v) 04 16The triggered action of any trigger descriptor.

d) SN shall not be included in any of the following:

i) A group descriptor of any transform descriptor.

ii) 09A user-defined cast descriptor.
NOTE 642— If CASCADE is specified, then such referencing objects will be dropped by the execution of the <revoke
statement> and/or explicitly by the SQL-schema manipulation statements specified in the General Rules of this
Subclause.

5) 13Let the containing schema be the schema identified by the <schema name> explicitly or implicitly
contained in SN.
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Access Rules

1) Let A be the <authorization identifier> that owns the schema identified by the <schema name> of
SN. The enabled authorization identifiers shall include A.

General Rules

1) The following <revoke statement> is effectively executed with a current authorization identifier of
"_SYSTEM" and without further Access Rule checking:

REVOKE EXECUTE ON SPECIFIC ROUTINE SN FROM A CASCADE

2) 09 Let DN be the <user-defined type name> of a user-defined type whose descriptor includes SN in
the group descriptor of any transform descriptor. Let GN be the <group name> of that group
descriptor. The following <drop transformstatement> is effectively executedwithout furtherAccess
Rule checking:

DROP TRANSFORM GN FOR DN CASCADE

3) Let UDCD be a user-defined cast descriptor that includes SN as its cast function. Let SDN be the
nameof the sourcedata type included inUDCD. LetTDNbe thenameof the target data type included
in UDCD. The following <drop user-defined cast statement> is effectively executed without further
Access Rule checking:

DROP CAST ( SDN AS TDN ) CASCADE

4) If SR is the ordering function included in the descriptor of a user-defined type UDT, then let UDTN
be a<path-resolveduser-defined typename> that identifiesUDT. The following<dropuser-defined
ordering statement> is effectively executed without further Access Rule checking:

DROP ORDERING FOR UDTN CASCADE

5) If SR is a PTF component procedure of a polymorphic table functionPTF, then letPTFNbe a <specific
routine designator> that identifies PTF. The following <drop routine statement> is effectively
executed without further Access Rule checking:

DROP ROUTINE PTFN

6) The descriptor of SR is destroyed.

Conformance Rules

1) Without Feature F032, “CASCADE drop behavior”, conforming SQL language shall not contain a
<drop routine statement> that contains a <drop behavior> that contains CASCADE.

2) 13Without Feature S024, “Enhanced structured types”, conforming SQL language shall not contain
a <drop routine statement> that contains a <specific routine designator> that identifies a method.
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11.63 <user-defined cast definition>
This Subclause is modified by Subclause 10.13, “<user-defined cast definition>”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 12.9, “<user-defined cast definition>”, in ISO/IEC 9075-14.

Function

Define a user-defined cast.

Format
<user-defined cast definition> ::=
CREATE CAST <left paren> <source data type> AS <target data type> <right paren>

WITH <cast function>
    [ AS ASSIGNMENT ]

<cast function> ::=
<specific routine designator>

<source data type> ::=
<data type>

<target data type> ::=
<data type>

Syntax Rules

1) 09 Let SDT be the <source data type>. The data type identified by SDT is called the source data type.

2) Let TDT be the <target data type>. The data type identified by TDT is called the target data type.

3) There shall be no user-defined cast for SDT and TDT.

4) At least oneof SDTorTDT shall contain a<schema-resolveduser-defined typename>or a<reference
type>.

5) If SDT contains a <schema-resolved user-defined type name>, then let SSDT be the schema that
includes the descriptor of the user-defined type identified by SDT.

6) If SDT contains a <reference type>, then let SSDT be the schema that includes the descriptor of the
referenced type of the reference type identified by SDT.

7) If TDT contains a <schema-resolved user-defined type name>, then let STDT be the schema that
includes the descriptor of the user-defined type identified by TDT.

8) If TDT contains a <reference type>, then let STDT be the schema that includes the descriptor of the
referenced type of the reference type identified by TDT.

9) If both SDT and TDT contain a <schema-resolved user-defined type name> or a <reference type>,
then the <authorization identifier> that owns SSDT and the <authorization identifier> that owns
STDT shall be equivalent.

10) 14 Let F be the SQL-invoked routine identified by <cast function>. F is called the cast function for
source data type SDT and target data type TDT.

a) F shall have exactly one SQL parameter, and its declared type shall be SDT.

b) The result data type of F shall be TDT.
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c) The<authorization identifier> that owns SSDTor STDT (both, if both SDT andTDT are<schema-
resolved user-defined type name>s) shall own the schema that includes the SQL-invoked
routine descriptor of F.

d) F shall be deterministic.

e) F shall not possibly modify SQL-data.

f) F shall not possibly read SQL-data.

Access Rules

1) The enabled authorization identifiers shall include the <authorization identifier> that owns the
schema that includes the routine descriptor of F.

2) If SDT contains a <schema-resolveduser-defined typename>or a<reference type>, then the enabled
authorization identifiers shall include the <authorization identifier> that owns SSDT.

3) IfTDT contains a<schema-resolveduser-defined typename>or a<reference type>, then the enabled
authorization identifiers shall include the <authorization identifier> that owns STDT.

General Rules

1) A user-defined cast descriptor CFD is created that describes the user-defined cast. CFD includes the
nameof the source data type, the nameof the target data type, the specific nameof the cast function,
and, if and only if AS ASSIGNMENT is specified, an indication that the cast function is implicitly
invocable.

Conformance Rules

1) Without Feature S211, “User-defined cast functions”, conforming SQL language shall not contain a
<user-defined cast definition>.
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11.64 <drop user-defined cast statement>
This Subclause is modified by Subclause 10.26, “<drop user-defined cast statement>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 11.16, “<drop user-defined cast statement>”, in ISO/IEC 9075-16.

Function

Destroy a user-defined cast.

Format
<drop user-defined cast statement> ::=
DROP CAST <left paren> <source data type> AS <target data type> <right paren>

<drop behavior>

Syntax Rules

1) Let SDT be the <source data type> and let TDT be the <target data type>.

2) Let CF be the user-defined cast whose user-defined cast descriptor includes SDT as the source data
type and TDT as the target data type.

3) Let SN be the specific name of the cast function F included in the user-defined cast descriptor of CF.

4) The schema identified by the <schema name> of SN shall include the descriptor of F.

5) A relevant cast specification is a <cast specification> CS such that:

a) The <value expression> of CS has declared type P.

b) The <cast target> of CS is either TDT or a domain with declared type TDT.

c) The type designator of SDT is in the type precedence list of P.

d) No other data type Qwhose type designator precedes SDT in the type precedence list of P
such that there is a user-defined cast CFqwhose user-defined cast descriptor includes Q as
the source data type and TDT as the target data type.

6) A relevant procedure statement is an <SQL procedure statement> that is dependent on F.

7) If RESTRICT is specified, then no relevant cast specification and no relevant procedure statement
shall be contained in any of the following:

a) The SQL routine body of any routine descriptor.

b) The original <query expression> of any view descriptor.

c) The <search condition> of any constraint descriptor.

d) 04 16The triggered action of any trigger descriptor.
NOTE 643— If CASCADE is specified, then such referencing objects will be dropped implicitly by the <revoke
statement> and/or explicitly by the SQL-schema manipulation statements specified in the General Rules of this
Subclause.

1044 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
11.64 <drop user-defined cast statement>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


Access Rules

1) The enabled authorization identifier shall include the <authorization identifier> that owns the
schema identified by the implicit or explicit <schema name> of SN.

General Rules

1) For every SQL-invoked routine that contains a relevant cast specification or a relevant procedure
statement in its SQL routine body:

a) Let R be the SQL-invoked routine and let SN be the specific name of R.

b) The following <drop routine statement> is effectively executed without further Access Rule
checking:

DROP SPECIFIC ROUTINE SN CASCADE

2) For every view that contains a relevant cast specification or a relevant procedure statement in its
original <query expression>:

a) Let V be the view and let VN be the table name of V.

b) The following <drop view statement> is effectively executed without further Access Rule
checking:

DROP VIEW VN CASCADE

3) For every table that contains a relevant cast specification or a relevant procedure statement in the
<search condition> of any constraint descriptor included in its table descriptor:

a) Let T be the table and let TN be the table name of T.

b) The following <drop table statement> is effectively executed without further Access Rule
checking:

DROP TABLE TN CASCADE

4) For every assertion that contains a relevant cast specification or a relevant procedure statement
in its <search condition>:

a) Let A be the assertion and let AN be the constraint name of A.

b) The following <drop assertion statement> is effectively executedwithout further Access Rule
checking:

DROP ASSERTION AN CASCADE

5) For every domain that contains a relevant cast specification or a relevant procedure statement in
the<search condition>of any constraint descriptor included in thedomaindescriptor of thedomain:

a) Let D be the domain and let DN be the domain name of D.

b) The following <drop domain statement> is effectively executed without further Access Rule
checking:

DROP DOMAIN DN CASCADE

6) For every trigger whose trigger descriptor includes a triggered action that contains a relevant cast
specification or a relevant procedure statement:
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Let T be the trigger and let TN be the trigger name of T.a)

b) The following <drop trigger statement> is effectively executed without further Access Rule
checking:

DROP TRIGGER TN

7) The descriptor of CF is destroyed.

Conformance Rules

1) Without Feature S211, “User-defined cast functions”, conforming SQL language shall not contain a
<drop user-defined cast statement>.
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11.65 <user-defined ordering definition>
This Subclause is modified by Subclause 10.14, “<user-defined ordering definition>”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 10.11, “<user-defined ordering definition>”, in ISO/IEC 9075-13.

Function

Define a user-defined ordering for a user-defined type.

Format
<user-defined ordering definition> ::=
CREATE ORDERING FOR <schema-resolved user-defined type name> <ordering form>

<ordering form> ::=
<equals ordering form>

| <full ordering form>

<equals ordering form> ::=
EQUALS ONLY BY <ordering category>

<full ordering form> ::=
ORDER FULL BY <ordering category>

13 <ordering category> ::=
<relative category>

| <map category>
| <state category>

<relative category> ::=
RELATIVE WITH <relative function specification>

<map category> ::=
MAP WITH <map function specification>

<state category> ::=
STATE [ <specific name> ]

<relative function specification> ::=
<specific routine designator>

<map function specification> ::=
<specific routine designator>

Syntax Rules

1) Let UDTN be the <schema-resolved user-defined type name>. Let UDT be the user-defined type
identified by UDTN.

2) The descriptor of UDT shall include an ordering form that specifies NONE.

3) If UDT is not a maximal supertype, then

Case:

a) If <equals ordering form> is specified, then the comparison form of every direct supertype of
UDT shall be EQUALS.

b) Otherwise, the comparison form of every direct supertype of UDT shall be FULL.
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4) 13UDT shall be a maximal supertype if at least one of the following is specified:

a) <relative category>

b) <state category>

5) If <map category> is specified and UDT is not a maximal supertype, then the comparison category
of every direct supertype of UDT shall be MAP.

NOTE 644— The comparison categories of two user-defined types in the same subtype family must be the same.

6) Case:

a) If <state category> is specified, then:

i) UDT shall not be a distinct type.

ii) EQUALS ONLY shall be specified.

iii) 09The declared type of each attribute of UDT shall not be UDT-NC-ordered.

iv) Case:

1) If <specific name> is specified, then let SN be <specific name>. If SN contains a
<schema name>, then that <schema name> shall be equivalent to the <schema
name> of UDTN.

2) Otherwise, let SN be an implementation-dependent (UV102) <specific name>
whose <schema name> is equivalent to the <schema name> S of UDTN. This
implementation-dependent (UV102) <specific name> shall not be equivalent to
the <specific name> of any other routine descriptor in the schema identified by
S.

b) 13Otherwise:

i) Let F be the SQL-invoked routine identified by the <specific routine designator> SRD.

ii) F shall be deterministic.

iii) F shall not possibly modify SQL-data.

7) If <relative function specification> is specified, then:

a) F shall have exactly two SQL parameters whose declared type is UDT.

b) F shall be an SQL-invoked regular function.

c) The result data type of F shall be INTEGER.
NOTE 645—The Syntax Rules and General Rules of Subclause 8.2, “<comparison predicate>”, expect that the result
of F is 0 (zero) if the two arguments are deemed to be equal, -1 if the first argument is deemed to be less than the
second argument, and 1 (one) if the first argument is deemed to be greater than the second argument.

8) If <map function specification> is specified, then:

a) F shall have exactly one SQL parameter whose declared type is UDT.

b) The result data type of F shall be a predefined data type.

c) The result data type of F is an operand of an equality operation. The Syntax Rules and Con-
formance Rules of Subclause 9.11, “Equality operations”, apply.

d) If FULL is specified, then the result data type of F is an operand of an ordering operation. The
Syntax Rules and Conformance Rules of Subclause 9.14, “Ordering operations”, apply.
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Access Rules

1) The enabled authorization identifiers shall include the <authorization identifier> that owns the
schema that includes the descriptor of UDT and the schema that includes the routine descriptor of
F.

General Rules

1) If <state category> is specified, then:

a) Let C1, ..., Cn be the components of the representation of the user-defined type.

b) Let SNUDT be the <schema name> of the schema that includes the descriptor of UDT.

c) The following <SQL-invoked routine> is effectively executed:

CREATE FUNCTION SNUDT.EQUALS ( UDT1 UDTN, UDT2 UDTN )
RETURNS BOOLEAN
SPECIFIC SN
DETERMINISTIC
CONTAINS SQL
STATIC DISPATCH
RETURN

      ( TRUE AND
        UDT1.SPECIFICTYPE = UDT2.SPECIFICTYPE AND
        UDT1.C1 = UDT2.C1 AND
        ...
        UDT1.Cn = UDT2.Cn )

2) Case:

a) If EQUALS is specified, then the ordering form in the user-defined type descriptor of UDT is
set to EQUALS.

b) Otherwise, the ordering form in the user-defined type descriptor of UDT is set to FULL.

3) Case:

a) If RELATIVE is specified, then the ordering category in the user-defined type descriptor of
UDT is set to RELATIVE.

b) If MAP is specified, then the ordering category in the user-defined type descriptor of UDT is
set to MAP.

c) 13Otherwise, the ordering category in the user-defined type descriptor ofUDT is set to STATE.

4) The <specific routine designator> identifying the ordering function, depending on the ordering
category, in the descriptor of UDT is set to SRD.

Conformance Rules

1) 13Without Feature S251, “User-definedorderings”, conforming SQL shall not contain a<user-defined
ordering definition>.

NOTE 646— If MAP is specified, then the Conformance Rules of Subclause 9.11, “Equality operations”, apply. If
ORDER FULL BYMAP is specified, then the Conformance Rules of Subclause 9.14, “Ordering operations”, also apply.
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11.66 <drop user-defined ordering statement>
This Subclause ismodified by Subclause 10.20, “<drop user-defined ordering statement>”, in ISO/IEC 9075-4.
This Subclause ismodifiedby Subclause 10.12, “<dropuser-definedordering statement>”, in ISO/IEC9075-13.
This Subclause ismodifiedby Subclause 11.17, “<dropuser-definedordering statement>”, in ISO/IEC9075-16.

Function

Destroy a user-defined ordering method.

Format
<drop user-defined ordering statement> ::=
DROP ORDERING FOR <schema-resolved user-defined type name> <drop behavior>

Syntax Rules

1) Let UDTN be the <schema-resolved user-defined type name>. Let UDT be the user-defined type
identified by UDTN.

2) The descriptor of UDT shall include an ordering form that specifies EQUALS or FULL.

3) Let OF be the ordering function of UDT.

4) If RESTRICT is specified, thennoneof the following shall contain anoperandof an equality operation,
groupingoperation, or orderingoperationwhosedeclared type is someuser-defined typeT1whose
comparison type is UDT:

a) The SQL routine body of any routine descriptor.

b) The original <query expression> of any view descriptor.

c) The <search condition> of any constraint descriptor.

d) 04 16The triggered action of any trigger descriptor.
NOTE 647— If CASCADE is specified, then such referencing objects will be dropped implicitly by the <revoke
statement> and/or explicitly by the SQL-schema manipulation statements specified in the General Rules of this
Subclause.

Access Rules

1) The enabled authorization identifiers shall include the <authorization identifier> that owns the
schema identified by the implicit or explicit <schema name> of UDTN.

General Rules

1) Let RS be the set of all SQL-invoked routines whose <SQL routine body> contains an operand of an
equality operation, grouping operation, or ordering operation whose declared type is some user-
defined type T1whose comparison type is UDT. For every routine in RS:

a) 04 Let R be the routine and let SN be the specific name of R.

b) The following <drop routine statement> is effectively executed without further Access Rule
checking:
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DROP SPECIFIC ROUTINE SN CASCADE

2) For every view whose original <query expression> contains an operand of an equality operation,
groupingoperation, or orderingoperationwhosedeclared type is someuser-defined typeT1whose
comparison type is UDT:

a) Let V be the view and let VN be the table name of V.

b) The following <drop view statement> is effectively executed without further Access Rule
checking:

DROP VIEW VN CASCADE

3) For every table constraintCwhose<search condition> contains an operandof an equality operation,
grouping operation, or ordering operation whose declared type is some user-defined type whose
comparison type is UDT:

a) Let T be the table constrained by C, let TN be the table name of T, and let TCN be the constraint
name of C.

b) The following <alter table statement> is effectively executed without further Access Rule
checking:

ALTER TABLE TN DROP CONSTRAINT TCN CASCADE

4) For every assertion whose <search condition> contains an operand of an equality operation,
groupingoperation, or orderingoperationwhosedeclared type is someuser-defined typeT1whose
comparison type is UDT:

a) Let A be the assertion and let AN be the constraint name of A.

b) The following <drop assertion statement> is effectively executedwithout further Access Rule
checking:

DROP ASSERTION AN CASCADE

5) For every domain whose descriptor includes a constraint descriptor that includes an operand of
an equality operation, groupingoperation, or ordering operationwhosedeclared type is someuser-
defined type whose comparison type is UDT:

a) Let D be the domain and let DN be the <domain name> of D.

b) The following <drop domain statement> is effectively executed without further Access Rule
checking:

DROP DOMAIN DN CASCADE

6) 04For every trigger whose triggered action contains an operand of an equality operation, grouping
operation, or orderingoperationwhosedeclared type is someuser-defined typewhose comparison
type is UDT:

a) Let T be the trigger and let TN be the <trigger name> of T.

b) The following <drop trigger statement> is effectively executed without further Access Rule
checking:

DROP TRIGGER TN

7) In the descriptor ofUDT, the ordering form is set toNONE and the ordering category is set to STATE.
No ordering function is included in the descriptor of UDT.

© ISO/IEC 2023 – All rights reserved 1051

ISO/IEC 9075-2:2023(E)
11.66 <drop user-defined ordering statement>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


Conformance Rules

1) 13Without Feature S251, “User-defined orderings”, conforming SQL language shall not contain a
<drop user-defined ordering statement>.
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11.67 <transform definition>

Function

Define one or more transform functions for a user-defined type.

Format
<transform definition> ::=
CREATE { TRANSFORM | TRANSFORMS } FOR

<schema-resolved user-defined type name> <transform group>...

<transform group> ::=
<group name> <left paren> <transform element list> <right paren>

<group name> ::=
<identifier>

<transform element list> ::=
<transform element> [ <comma> <transform element> ]

<transform element> ::=
<to sql>

| <from sql>

<to sql> ::=
TO SQL WITH <to sql function>

<from sql> ::=
FROM SQL WITH <from sql function>

<to sql function> ::=
<specific routine designator>

<from sql function> ::=
<specific routine designator>

Syntax Rules

1) Let TD be the <transform definition>. Let DTN be the <schema-resolved user-defined type name>
immediately contained in TD. LetDT be the data type identified byDTN. Let SDT be the schema that
includes the descriptor of DT. Let TRD be the transform descriptor included in the data type
descriptor of DT.

2) No two <transform group>s immediately contained in TD shall have the same <group name>.

3) The SQL-invoked function identified by <to sql function> is called the to-sql function. The SQL-
invoked function identified by <from sql function> is called the from-sql function.

4) Let n be the number of <transform group>s immediately contained in TD. For i ranging from 1 to
n:

a) Let TGi be the i-th <transform group> immediately contained in TD. Let GNi be the <group
name> contained in TGi.

b) Each of <to sql> and <from sql> immediately contained in TGi shall be contained atmost once
in a <transform element list>.
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c) The SQL-invoked routines identified by <to sql function> and <from sql function> shall be
SQL-invoked functions that are deterministic and do not possibly modify SQL-data.

d) TRD shall not include a transform group descriptor GD that includes a group name that is
equivalent to GNi.

e) Let SDTT be the set that includes every data type DTTj that is either a proper supertype or a
proper subtype of DT such that the transform descriptor included in the data type descriptor
of DTTj includes a group descriptor GDTj,k that includes a group name that is equivalent to
GNi. SDTT shall be empty.

f) If <to sql> is specified, then letTSFibe the SQL-invoked function identifiedby<to sql function>.

i) Case:

1) IfTSFi is an SQL-invokedmethod, thenTSFi shall have exactly two SQLparameters
such that the declared type of the first SQL parameter isDT and the declared type
of the second SQL parameter is a predefined data type. The result data type of
TSFi shall be DT.

2) Otherwise, TSFi shall have exactly one SQL parameter whose declared type is a
predefined data type. The result data type of TSFi shall be DT.

ii) IfDT is a structured type and TSFi is an SQL-invokedmethod, then TSFi shall be a type-
preserving function.

g) If <from sql> is specified, then let FSFi be the SQL-invoked function identified by <from sql
function>. FSFi shall have exactly one SQL parameter whose declared type is DT. The result
data type of FSFi shall be a predefined data type.

h) If <to sql> and <from sql> are both specified, then

Case:

i) If TSFi is an SQL-invokedmethod, then the result data type of FSFi and the data type of
the second SQL parameter of TSFi shall be compatible.

ii) Otherwise, the result data type of FSFi and the data type of the first SQL parameter of
TSFi shall be compatible.

Access Rules

1) For i ranging from 1 to n, the enabled authorization identifiers shall include the <authorization
identifier> that owns SDT and the schema that includes the routine descriptors of TSFi, if any, and
FSFi, if any.

General Rules

1) A <group name> specifies the group name that identifies a transform group.

2) For every TGi, 1 (one) ≤ i ≤ n:

a) A newgroupdescriptorGDi is created that includes the <groupname> immediately contained
in TGi. GDi is included in the list of transform group descriptors included in TRD.
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b) If <to sql> is specified, then the specific name of the to-sql function in GDi is set to TSFi.

c) If <from sql> is specified, then the specific name of the from-sql function in GDi is set to FSFi.

Conformance Rules

1) Without Feature S241, “Transform functions”, conforming SQL language shall not contain a
<transform definition>.
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11.68 <alter transform statement>

Function

Change the definition of one or more transform groups.

Format
<alter transform statement> ::=
ALTER { TRANSFORM | TRANSFORMS }

FOR <schema-resolved user-defined type name> <alter group>...

<alter group> ::=
<group name> <left paren> <alter transform action list> <right paren>

<alter transform action list> ::=
<alter transform action> [ { <comma> <alter transform action> }... ]

<alter transform action> ::=
<add transform element list>

| <drop transform element list>

Syntax Rules

1) Let DN be the <schema-resolved user-defined type name> and let D be the data type identified by
DN. The schema identified by the explicit or implicit <schema name> of DN shall include the data
type descriptor of D. Let S be that schema. Let TD be the transform descriptor included in the data
type descriptor of D.

2) The scope of DN is the entire <alter transform statement> AT.

3) Let n be the number of <group name>s contained in AT. For i ranging from 1 to n:

a) Let GNi be the i-th <group name> contained in AT.

b) For each GNi, there shall be a transform group descriptor included in TDwhose group name
is equivalent to GNi. Let GDi be this transform group descriptor.

Access Rules

1) The enabled authorization identifiers shall include the <authorization identifier> that owns S.

General Rules

1) For i ranging from 1 to n, GDi is modified as specified by <alter transform action list>.

Conformance Rules

1) Without Feature S242, “Alter transform statement”, conforming SQL language shall not contain an
<alter transform statement>.
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11.69 <add transform element list>

Function

Add a transform element (<to sql> and/or <from sql>) to an existing transform group.

Format
<add transform element list> ::=
ADD <left paren> <transform element list> <right paren>

Syntax Rules

1) Let AD be the <add transform element list>.

2) LetDN be the <schema-resolved user-defined type name> immediately contained in the containing
<alter transformstatement>. LetDbe theuser-defined type identifiedbyDN. LetTDbe the transform
descriptor included in the data type descriptor of D.

3) LetGD be the transformgroup descriptor included inTDwhose group name is equivalent to <group
name> immediately contained in the containing <alter group>.

4) Each of <to sql> and <from sql> (immediately contained in AD) shall be contained at most once in
the <transform element list>.

5) If GD includes a specific name of the to-sql function, then AD shall not contain <to sql>.

6) If GD includes a specific name of the from-sql function, then AD shall not contain <from sql>.

7) The SQL-invoked routine identified by either <to sql function> or <from sql function> shall be an
SQL-invoked function that is deterministic and does not possibly modify SQL-data.

8) If <to sql> is specified, then let TSF be the SQL-invoked function identified by <to sql function>.

a) Case:

i) If TSF is an SQL-invokedmethod, then TSF shall have exactly two SQL parameters such
that the declared type of the first SQL parameter is D and the declared type of the
second SQL parameter is a predefined data type. The result data type of TSF shall be
D.

ii) Otherwise, TSF shall have exactly one SQL parameter whose declared type is a pre-
defined data type. The result data type of TSF shall be D.

b) If D is a structured type, then TSF shall be a type-preserving function.

c) IfGD includes the specific nameof a from-sql function, then let FSbe the SQL-invoked function
that is identified by this specific name.

Case:

i) If TSF is an SQL-invoked method, then the result data type of FS and the data type of
the second SQL parameter of TSF shall be compatible.

ii) Otherwise, the result data type of FS and the data type of the first SQL parameter of
TSF shall be compatible.

9) If <fromsql> is specified, then letFSFbe the SQL-invoked function identifiedby<fromsql function>.
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FSF shall have exactly one SQL parameter whose declared type is D. The result data type of
FSF shall be a predefined data type.

a)

b) If GD includes the specific name of a to-sql function, then let TS be the SQL-invoked routine
that is identified by this specific name.

Case:

i) If TS is an SQL-invoked method, then the result data type of FSF and the data type of
the second SQL parameter of TS shall be compatible.

ii) Otherwise, the result data type of FSF and the data type of the first SQL parameter of
TS shall be compatible.

Access Rules

1) The enabled authorization identifiers shall include the <authorization identifier> that owns the
schema that includes the routine descriptors of TSF, if any, and FSF, if any.

General Rules

1) If <to sql> is specified, then the specific name of the to-sql function in GD is set to TSF.

2) If <from sql> is specified, then the specific name of the from-sql function in GD is set to FSF.

Conformance Rules

None.
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11.70 <drop transform element list>

Function

Remove a transform element (<to sql> and/or <from sql>) from a transform group.

Format
<drop transform element list> ::=
DROP <left paren> <transform kind>
    [ <comma> <transform kind> ] <drop behavior> <right paren>

<transform kind> ::=
TO SQL

| FROM SQL

Syntax Rules

1) LetDN be the <schema-resolved user-defined type name> immediately contained in the containing
<alter transformstatement>. LetDbe theuser-defined type identifiedbyDN. LetTDbe the transform
descriptor included in the data type descriptor of D.

2) LetGD be the transformgroup descriptor included inTDwhose group name is equivalent to <group
name> immediately contained in the containing <alter group>.

3) Each of TO SQL and FROM SQL shall only be specified at most once in the <drop transform element
list>.

4) If TO SQL is specified then GD shall include the specific name of a to-sql function. Let TSF be this
function.

5) If FROM SQL is specified then GD shall include the specific name of a from-sql function. Let FSF be
this function.

6) If RESTRICT is specified, then:

a) If TO SQL is specified, then there shall be no external routine that has an SQLparameterwhose
associated to-sql function is TSF nor shall there be an external function that has TSF as the
to-sql function associated with the result.

b) If FROM SQL is specified, then there shall be no external routine that has an SQL parameter
whose associated from-sql function is FSF.

Access Rules

None.

General Rules

1) If FROM SQL is specified, then:

a) Let FSN be the <specific name> of any external routine that has an SQL parameter whose
associated from-sql function is FSF. The following <drop routine statement> is effectively
executed without further Access Rule checking:
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DROP SPECIFIC ROUTINE FSN CASCADE

b) The specific name of the from-sql function is removed from GD.

2) If TO SQL is specified, then:

a) Let TSN be the <specific name> of any external routine that has an SQL parameter whose
associated to-sql function isTSF. The following<drop routine statement> is effectively executed
without further Access Rule checking:

DROP SPECIFIC ROUTINE TSN CASCADE

b) Let RSN be the <specific name> of any external function that has TSF as the to-sql function
associated with the result. The following <drop routine statement> is effectively executed
without further Access Rule checking:

DROP SPECIFIC ROUTINE RSN CASCADE

c) The specific name of the to-sql function is removed from GD.

Conformance Rules

None.
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11.71 <drop transform statement>

Function

Remove one or more transform functions associated with a transform.

Format
<drop transform statement> ::=
DROP { TRANSFORM | TRANSFORMS } <transforms to be dropped>

FOR <schema-resolved user-defined type name> <drop behavior>

<transforms to be dropped> ::=
ALL

| <transform group element>

<transform group element> ::=
<group name>

Syntax Rules

1) Let DT be the data type identified by <schema-resolved user-defined type name>. Let SDT be the
schema that includes the descriptor ofDT. Let TRD be the transformdescriptor included in the data
type descriptor of DT. Let n be the number of transform group descriptors in TRD.

2) If <transform group element> is specified, then TRD shall include a transform group descriptor GD
that includes a group name that is equivalent to the <group name> immediately contained in
<transform group element>.

3) If RESTRICT is specified, then

Case:

a) If ALL is specified, then for i ranging from 1 (one) to n:

i) Let GDi be the i-th transform group descriptor included in TRD.

ii) If GDi includes the specific name of a from-sql function FSFi then there shall be no
external routine that has an SQL parameterwhose associated from-sql function is FSFi.

iii) IfGDi includes the specific nameof a to-sql functionTSFi then there shall be no external
routine that has an SQL parameter whose associated to-sql function is TSFi nor shall
there be an external function that has TSFi as the to-sql function associated with the
result.

b) Otherwise:

i) IfGD includes the specificnameof a from-sql functionFSF then there shall benoexternal
routine that has an SQL parameter whose associated from-sql function is FSF.

ii) If GD includes the specific name of a to-sql function TSF then there shall be no external
routine that has an SQL parameter whose associated to-sql function is TSF nor shall
there be an external function that has TSF as the to-sql function associated with the
result.
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Access Rules

1) The enabled authorization identifiers shall include the <authorization identifier> that owns SDT.

General Rules

1) Case:

a) If ALL is specified, then, for i ranging from 1 (one) to n:

i) Let GDi be the i-th transform group descriptor included in TRD.

ii) IfGDi includes the specific nameof a from-sql functionFSFi, then letFSNbe the <specific
name> of any external routine that has an SQL parameter whose associated from-sql
function is FSFi. The following <drop routine statement> is effectively executedwithout
further Access Rule checking:

DROP SPECIFIC ROUTINE FSN CASCADE

iii) If GDi includes the specific name of a to-sql function TSFi, then:

1) LetTSNbe the <specific name>of any external routine that has an SQLparameter
whose associated to-sql function isTSFi. The following <drop routine statement>
is effectively executed without further Access Rule checking:

DROP SPECIFIC ROUTINE TSN CASCADE

2) Let RSN be the <specific name> of any external function that has TSFi as the to-
sql function associated with the result. The following <drop routine statement>
is effectively executed without further Access Rule checking:

DROP SPECIFIC ROUTINE RSN CASCADE

iv) GDi is removed from TRD.

b) Otherwise:

i) IfGD includes the specific nameof a from-sql function FSF, then let FSN be the <specific
name> of any external routine that has an SQL parameter whose associated from-sql
function is FSF. The following <drop routine statement> is effectively executedwithout
further Access Rule checking:

DROP SPECIFIC ROUTINE FSN CASCADE

ii) If GD includes the specific name of a to-sql function TSF, then:

1) LetTSNbe the <specific name>of any external routine that has an SQLparameter
whose associated to-sql function is TSF. The following <drop routine statement>
is effectively executed without further Access Rule checking:

DROP SPECIFIC ROUTINE TSN CASCADE

2) Let RSN be the <specific name> of any external function that has TSF as the to-
sql function associated with the result. The following <drop routine statement>
is effectively executed without further Access Rule checking:

DROP SPECIFIC ROUTINE RSN CASCADE
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iii) GD is removed from TRD.

Conformance Rules

1) Without Feature S241, “Transform functions”, conforming SQL language shall not contain a <drop
transform statement>.
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11.72 <sequence generator definition>

Function

Define an external sequence generator.

Format
<sequence generator definition> ::=
CREATE SEQUENCE <sequence generator name> [ <sequence generator options> ]

<sequence generator options> ::=
<sequence generator option>...

<sequence generator option> ::=
<sequence generator data type option>

| <common sequence generator options>

<common sequence generator options> ::=
<common sequence generator option>...

<common sequence generator option> ::=
<sequence generator start with option>

| <basic sequence generator option>

<basic sequence generator option> ::=
<sequence generator increment by option>

| <sequence generator max-value option>
| <sequence generator min-value option>
| <sequence generator cycle option>

<sequence generator data type option> ::=
AS <data type>

<sequence generator start with option> ::=
START WITH <sequence generator start value>

<sequence generator start value> ::=
<signed numeric literal>

<sequence generator increment by option> ::=
INCREMENT BY <sequence generator increment>

<sequence generator increment> ::=
<signed numeric literal>

<sequence generator max-value option> ::=
MAXVALUE <sequence generator max value>

| NO MAXVALUE

<sequence generator max value> ::=
<signed numeric literal>

<sequence generator min-value option> ::=
MINVALUE <sequence generator min value>

| NO MINVALUE

<sequence generator min value> ::=
<signed numeric literal>

<sequence generator cycle option> ::=
CYCLE
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| NO CYCLE

Syntax Rules

1) Let SEQ be the sequence generator defined by the <sequence generator definition> SEQD.

2) If SEQD is contained in a <schema definition> SD and the <sequence generator name> SQN contains
a <schema name>, then that <schema name> shall be equivalent to the implicit or explicit <schema
name> of SD.

3) The schema identifiedby the explicit or implicit <schemaname>of SQN shall not includea sequence
generator descriptor whose sequence generator name is equivalent to SQN.

4) If SEQD is contained in a <schema definition>, then let A be the explicit or implicit <authorization
identifier> of the <schema definition>. Otherwise, let A be the <authorization identifier> that owns
the schema identified by the implicit or explicit <schema name> of SQN.

5) Eachof <sequencegeneratordata typeoption>, <sequencegenerator startwithoption>, <sequence
generator increment by option>, <sequence generator max-value option>, <sequence generator
min-value option>, and <sequence generator cycle option> shall be specified at most once.

6) If <sequence generator data type option> is specified, then <data type> shall be an exact numeric
typeDTwith scale 0 (zero); otherwise, letDT be an implementation-defined (ID157) exact numeric
type with scale 0 (zero).

7) The Syntax Rules of Subclause 9.36, “Creation of a sequence generator”, are appliedwith <common
sequence generator options> as OPTIONS and DT as DATA TYPE.

Access Rules

1) If a <sequence generator definition> is contained in an <SQL-client module definition>, then the
enabled authorization identifiers shall include A.

General Rules

1) TheGeneral Rules of Subclause9.36, “Creationof a sequence generator”, are appliedwith<common
sequencegenerator options>asOPTIONS andDT asDATATYPE; let a sequencegenerator descriptor
SEQDS be the SEQGENDESC returned from the application of those General Rules. The sequence
generator name included in SEQDS is set to SQN.

2) A privilege descriptor is created that defines the USAGE privilege on SEQ to A. This privilege is
grantable. The grantor for this privilege descriptor is set to the special grantor value "_SYSTEM".

Conformance Rules

1) Without Feature T176, “Sequence generator support”, conforming SQL language shall not contain
a <sequence generator definition>.
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11.73 <alter sequence generator statement>

Function

Change the definition of an external sequence generator.

Format
<alter sequence generator statement> ::=
ALTER SEQUENCE <sequence generator name> <alter sequence generator options>

<alter sequence generator options> ::=
<alter sequence generator option>...

<alter sequence generator option> ::=
<alter sequence generator restart option>

| <basic sequence generator option>

<alter sequence generator restart option> ::=
RESTART [ WITH <sequence generator restart value> ]

<sequence generator restart value> ::=
<signed numeric literal>

Syntax Rules

1) Let SEQ be the sequence generator descriptor identified by the <sequence generator name> SQN.
Let DT be the data type of SEQ.

2) The schema identified by the explicit or implicit <schema name> of SQN shall include SEQ.

3) The scope of SQN is the <alter sequence generator statement>.

4) TheSyntaxRules of Subclause9.37, “Altering a sequencegenerator”, are appliedwith<alter sequence
generator options> as OPTIONS and SEQ as SEQUENCE.

Access Rules

1) The enabled authorization identifiers shall include the <authorization identifier> that owns the
schema identified by the explicit or implicit <schema name>

General Rules

1) The General Rules of Subclause 9.37, “Altering a sequence generator”, are applied with <alter
sequence generator options> as OPTIONS and SEQ as SEQUENCE.

Conformance Rules

1) Without Feature T176, “Sequence generator support”, conforming SQL language shall not contain
an <alter sequence generator statement>.

2) Without Feature T177, “Sequence generator support: simple restart option”, in conforming SQL
language an <alter sequence generator restart option> contained in an <alter sequence generator
statement> shall contain a <sequence generator restart value>.
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11.74 <drop sequence generator statement>
This Subclause ismodified by Subclause 11.18, “<drop sequence generator statement>”, in ISO/IEC 9075-16.

Function

Destroy an external sequence generator.

Format
<drop sequence generator statement> ::=
DROP SEQUENCE <sequence generator name> <drop behavior>

Syntax Rules

1) Let SEQ be the sequence generator identified by the <sequence generator name> SQN.

2) The schema identifiedby the explicit or implicit <schemaname>of SQN shall include the descriptor
of SEQ.

3) If RESTRICT is specified, then SEQ shall not be referenced in any of the following:

a) The SQL routine body of any routine descriptor.

b) 16The triggered action of any trigger descriptor.
NOTE648— If CASCADE is specified, then such objectswill be dropped implicitly by the <revoke statement> and/or
explicitly by the SQL-schema manipulation statements specified in the General Rules of this Subclause.

4) Let A be the <authorization identifier> that owns the schema identified by the <schema name> of
the sequence generator identified by SQN.

Access Rules

1) The enabled authorization identifiers shall include A.

General Rules

1) The following <revoke statement> is effectively executed with a current authorization identifier of
"_SYSTEM" and without further Access Rule checking:

REVOKE USAGE ON SEQUENCE SQN FROM A CASCADE

2) The descriptor of SEQ is destroyed.

Conformance Rules

1) Without Feature T176, “Sequence generator support”, conforming SQL language shall not contain
a <drop sequence generator statement>.
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12 Access control

This Clause is modified by Clause 11, “Access control”, in ISO/IEC 9075-4.
This Clause is modified by Clause 11, “Access control”, in ISO/IEC 9075-9.
This Clause is modified by Clause 11, “Access control”, in ISO/IEC 9075-13.
This Clause is modified by Clause 12, “Access control”, in ISO/IEC 9075-16.

12.1 <grant statement>
This Subclause is modified by Subclause 11.1, “<grant statement>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 12.1, “<grant statement>”, in ISO/IEC 9075-16.

Function

Define privileges and role authorizations.

Format
<grant statement> ::=

<grant privilege statement>
| <grant role statement>

Syntax Rules

None.

Access Rules

None.

General Rules

1) For every involved grantee G and for every domain D1with name D1N owned by G, if all of the fol-
lowing are true:

a) The applicable privileges for G include the grantable REFERENCES privilege on every column
referenced in the <search condition> SC included in a domain constraint descriptor included
in the domain descriptor of D1.

b) The applicable privileges for G include the grantable EXECUTE privileges on all SQL-invoked
routines that are subject routines of <routine invocation>s contained in SC.

c) The applicable privileges for G include the grantable SELECT privilege on every table T1 and
every methodM such that there is a <method reference>MR contained in SC such that T1 is
in the scope of the <value expression primary> ofMR andM is the method identified by the
<method name> ofMR included in a domain constraint descriptor included in the domain
descriptor of D1.
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d) The applicable privileges for G include the grantable SELECTWITH HIERARCHY OPTION
privilege on at least one supertable of the scoped table of every <reference resolution> con-
tained in SC.

e) The applicable privileges forG include the grantableUSAGEprivilege on all domains, character
sets, collations, and transliterationswhose<domainname>s, <character set name>s, <collation
name>s, and <transliteration name>s, respectively, are included in the domain descriptor of
D1.

then for every privilege descriptor with action USAGE, a grantor of "_SYSTEM", object D1, and
granteeG that is not grantable, the following <grant statement> is effectively executedwith a current
user identifier of "_SYSTEM" and without further Access Rule checking:

GRANT USAGE ON DOMAIN D1N
TO G WITH
GRANT OPTION

2) For every involved granteeG and for every collation C1with name C1N owned byG, if the applicable
privileges for G include a grantable USAGE privilege for the character set name included in the col-
lation descriptor of C1 and a grantable USAGEprivilege for the transliteration name, if any, included
in the collation descriptor of C1, then for every privilege descriptor with action USAGE, a grantor
of "_SYSTEM", object of C1, and grantee G that is not grantable, the following <grant statement> is
effectively executed with a current user identifier of "_SYSTEM" and without further Access Rule
checking:

GRANT USAGE ON
COLLATION C1N
TO G
WITH GRANT OPTION

3) For every involved grantee G and for every transliteration T1with name T1N owned by G, if the
applicable privileges for G contain a grantable USAGE privilege for every character set identified
by a <character set specification> contained in the <transliteration definition> of T1, then for every
privilege descriptor with action USAGE, a grantor of "_SYSTEM", object of T1, and grantee G that is
not grantable, the following <grant statement> is effectively executed as though the current user
identifier were "_SYSTEM" and without further Access Rule checking:

GRANT USAGE
ON TRANSLATION T1N
TO G
WITH GRANT OPTION

4) For every table T specified by some involved privilege descriptor and for each view Vwith name
VNownedby some involvedgranteeG such thatTor somecolumnCTofT is referenced in theoriginal
<query expression> QE of V, or T is a supertable of the scoped table of a <reference resolution>
contained in QE, let UT be the set of underlying tables of QE and let CU be the set of columns of the
tables in UT.

a) For every column CV of V:

i) Let CUCV be the set of columns in CU that are underlying columns of CV.

ii) Let CVN be the column name of CV.

iii) If, following successful execution of the <grant statement>, all of the following are true:

1) The applicable privileges for G include grantable SELECT privileges on all of the
columns CRTi,j.

© ISO/IEC 2023 – All rights reserved 1069

ISO/IEC 9075-2:2023(E)
12.1 <grant statement>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


2) The applicable privileges for G include grantable EXECUTE privileges on all SQL-
invoked routines that are subject routines of <routine invocation>s contained in
QE.

3) The applicable privileges forG include grantable SELECT privilege on every table
T1 and every methodM such that there is a <method reference>MR contained
in QE such that T1 is in the scope of the <value expression primary> ofMR and
M is the method identified by the <method name> ofMR.

4) The applicable privileges for G include grantable SELECTWITH HIERARCHY
OPTIONprivilegeonat least one supertable of the scoped table of every<reference
resolution> that is contained in QE.

then the following <grant statement> is effectively executed as though the current user
identifier were "_SYSTEM" and without further Access Rule checking:

GRANT SELECT (CVN)
ON VN
TO G
WITH GRANT OPTION

iv) If, following successful execution of the <grant statement>, the applicable privileges
for Gwill include REFERENCES privilege on CRTi,j for all i and for all j, and will include
a REFERENCES privilege on some column of RTi for all i, then:

1) Case:

A) If all of the following are true, then letWGO be “WITH GRANT OPTION”.

I) The applicable privileges for Gwill include grantable REFERENCES
privilege on CRTi,j for all i and for all j, and will include a grantable
REFERENCES privilege on some column of RTi for all i.

II) The applicable privileges forG include grantable EXECUTEprivileges
on all SQL-invoked routines that are subject routines of <routine
invocation>s contained in QE.

III) The applicable privileges for G include grantable SELECT privilege
on every table T1 and every methodM such that there is a <method
reference>.MR contained in QE such that T1 is in the scope of the
<value expression primary> ofMR andM is the method identified
by the <method name> ofMR.

IV) The applicable privileges for G include grantable SELECTWITH
HIERARCHY OPTION privilege on at least one supertable of the
scoped table of every <reference resolution> that is contained inQE.

B) Otherwise, letWGO be the zero-length character string.

2) The following <grant statement> is effectively executed as though the current
user identifier were "_SYSTEM" and without further Access Rule checking:

GRANT REFERENCES (CVN)
ON VN
TO G
WGO

b) If, following successful execution of the <grant statement>, the applicable privileges for G
include grantable SELECTprivilege on every columnofV, then the following<grant statement>
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is effectively executed as though the current user identifier were "_SYSTEM" and without
further Access Rule checking:

GRANT SELECT
ON VN
TO G
WITH GRANT OPTION

c) Following successful execution of the <grant statement>, if the applicable privileges for G
include REFERENCES privilege on every column of V, then

Case:

i) If the applicable privileges for G include grantable REFERENCES privilege on every
column of V, then letWGO be “WITH GRANT OPTION”.

ii) Otherwise, letWGO be the zero-length character string.

The following <grant statement> is effectively executed as though the current user identifier
were "_SYSTEM" and without further Access Rule checking:

GRANT REFERENCES
ON VN
TO G
WGO

5) Following the successful execution of the <grant statement>, for every table T specified by some
involved privilege descriptor and for every effectively updatable view V owned by some involved
grantee G such that T is some target leaf underlying table of the original <query expression> of V,
the General Rules of Subclause 9.39, “Determination of viewprivileges”, are appliedwithV asVIEW.

6) For every involved granteeG and for every referenceable viewV, namedVN, ownedbyG, if following
the successful execution of the <grant statement>, the applicable privileges for G include grantable
UNDER privilege on the direct supertable of V, then the following <grant statement> is effectively
executed with a current authorization identifier of "_SYSTEM" and without further Access Rule
checking:

GRANT UNDER
ON VN
TO G
WITH GRANT OPTION

7) 16For every involved grantee G and for every schema-level SQL-invoked routine R1 having <specific
name> R1SN owned by G, if the applicable privileges for G contain all of the privileges necessary to
successfully execute every <SQL procedure statement> contained in the <routine body> of R1, and
those privileges are grantable, then for every privilege descriptor with action EXECUTE, a grantor
of "_SYSTEM", object of R1, and grantee G that is not grantable, the following <grant statement> is
effectively executedwith a current authorization identifier of "_SYSTEM" andwithout furtherAccess
Rule checking:

GRANT EXECUTE
ON SPECIFIC ROUTINE R1SN
TO G
WITH GRANT OPTION

NOTE 649— The privileges necessary include the EXECUTE privilege on every subject routine of every <routine
invocation> contained in the <SQL procedure statement>.

8) If two privilege descriptors are identical except that one indicates that the privilege is grantable
and the other indicates that the privilege is not grantable, then both privilege descriptors are set
to indicate that the privilege is grantable.
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9) If two privilege descriptors are identical except that one indicates WITH HIERARCHY OPTION and
the other does not, then both privilege descriptors are set to indicate that the privilege has the
WITH HIERARCHY OPTION.

10) Redundantduplicateprivilegedescriptors are removed fromthe collectionof all privilegedescriptors.

11) 04Redundant duplicate view privilege dependency descriptors are removed from the collection of
all view privilege dependency descriptors.

Conformance Rules

None.
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12.2 <grant privilege statement>
This Subclause is modified by Subclause 11.1, “<grant privilege statement>”, in ISO/IEC 9075-13.

Function

Define privileges.

Format
<grant privilege statement> ::=
GRANT <privileges> TO <grantee> [ { <comma> <grantee> }... ]
    [ WITH HIERARCHY OPTION ]
    [ WITH GRANT OPTION ]
    [ GRANTED BY <grantor> ]

Syntax Rules

1) Let O be the object identified by the <object name> contained in <privileges>.

2) The schema identified by the explicit or implicit <schemaname> of the <object name> shall include
the descriptor of O.

3) If WITH HIERARCHY OPTION is specified, then:

a) <privileges> shall specify an<action>of SELECTwithout a <privilege column list> andwithout
a <privilege method list>.

b) O shall be a table of a structured type.

4) Case:

a) If GRANTED BY is omitted, then let G be OMITTED.

b) Otherwise, let G be <grantor>.

5) Syntax Rules of Subclause 12.8, “Grantor determination”, are applied with G as GRANTOR; let A be
the AUTHORIZATION IDENTIFIER returned from the application of those Syntax Rules.

Access Rules

1) The applicable privileges for A shall include a privilege identifying O or, if O is a table, a column of
O or a table/method pair whose table is O.

2) If <privileges> contains a <privilege column list> PCL, then for every <column name> CN contained
in PCL, the applicable privileges for A shall include a column privilege whose object is the column
identified by CN.

3) If <privileges> contains a <privilegemethod list> PML, then for every <specific routine designator>
SRD contained in PML, the applicable privileges for A shall include a privilege whose object is the
method identified by SRD.
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General Rules

1) Let SPDK be the set of privilege descriptor kernels specified by <privileges>. Let N be the number
of privilege descriptor kernels in SPDK. Let PDKi, 1 (one) ≤ i ≤N, be an enumeration of the privilege
descriptor kernels in SPDK. For all i, 1 (one) ≤ i ≤ NPDK, let PAi be the action of PDKi and let POi be
the object of PDKi.

2) A set of privilege descriptors is identified. The privilege descriptors identified are those defining,
for each i, 1 (one) ≤ i ≤ NPDK, that action PAi and object POi is held by Awith grant option.

NOTE 650— It is possible that some privilege descriptor kernels will not have a corresponding identified privilege
descriptor. For such privilege descriptor kernels, no privilege descriptor is created.

3) For every identified privilege descriptor IPD, a privilege descriptor is created for each <grantee>,
that specifies grantee <grantee>, action the same as the action of IPD, object the same as the object
of IPD, and grantor A. Let CPD be the set of privilege descriptors created.

4) For every table privilege descriptor in CPDwhose action is INSERT, UPDATE, or REFERENCES,
column privilege descriptors are also created and added to CPD for each column C in O for which
A holds the corresponding privilege with grant option. For each such column, a column privilege
descriptor is created that specifies the identical <grantee>, the identical action, objectC, and grantor
A.

5) For every table privilege descriptor in CPDwhose action is SELECT, column privilege descriptors
are also created and added to CPD for each column C in O for which A holds the corresponding
privilege with grant option. For each such column, a privilege descriptor is created that specifies
the identical <grantee>, action SELECT, object C, and grantor A.

6) For every privilege descriptor in CPDwhose action is SELECT, if the table T identified by the object
of the privilege descriptor is a table of a structured typeTY, then table/methodprivilege descriptors
are also created and added to CPD for eachmethodM ofTY forwhichAholds the EXECUTEprivilege
with grant option. For each suchmethod, a table/methodprivilegedescriptor is created that specifies
the identical <grantee>, action SELECT, object consisting of the pair of table T and methodM, and
grantor A.

7) If WITH GRANT OPTION was specified, then each created privilege descriptor also indicates that
the privilege is grantable.

8) Let SWH be the set of privilege descriptors in CPDwhose action is SELECT and that indicatesWITH
HIERARCHY OPTION. Let ST be the set of subtables of O. For every table T in ST and for every
privilege descriptor in SWH, with grantee G, and grantor A,

Case:

a) If the privilege is grantable, then letWGO be “WITH GRANT OPTION”.

b) Otherwise, letWGO be the zero-length character string.

Let TN be the table name of T. The following <grant statement> is effectively executed without
further Access Rule checking:

GRANT SELECT
ON TN
TO G
WGO
GRANTED BY A

9) For every i, 1 (one)≤ i≤NPDK, if there is noprivilegedescriptor inCPD corresponding to theprivilege
descriptor kernel PDKi, then a completion condition is raised:warning— privilege not granted
(01007).
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10) If ALL PRIVILEGES was specified, then for each grantee G, if there is no privilege descriptor in CPD
specifying granteeG, then a completion condition is raised:warning—privilege not granted (01007).

11) The set of involved privilege descriptors is defined to be CPD.

12) The set of involved grantees is defined as the set of specified <grantee>s.

Conformance Rules

1) Without Feature S024, “Enhanced structured types”, conforming SQL language shall not contain a
<specific routine designator> contained in a <grant privilege statement> that identifies a method.

2) 13Without Feature S081, “Subtables”, conforming SQL language shall not contain a <grant privilege
statement> that contains WITH HIERARCHY OPTION.
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12.3 <privileges>
This Subclause is modified by Subclause 11.2, “<privileges>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 11.1, “<privileges>”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 11.2, “<privileges>”, in ISO/IEC 9075-13.
This Subclause is modified by Subclause 12.2, “<privileges>”, in ISO/IEC 9075-16.

Function

Specify privileges.

Format
<privileges> ::=
<object privileges> ON <object name>

04  09  13  16 <object name> ::=
[ TABLE ] <table name>

| DOMAIN <domain name>
| COLLATION <collation name>
| CHARACTER SET <character set name>
| TRANSLATION <transliteration name>
| TYPE <schema-resolved user-defined type name>
| SEQUENCE <sequence generator name>
| <specific routine designator>

<object privileges> ::=
ALL PRIVILEGES

| <action> [ { <comma> <action> }... ]

<action> ::=
SELECT

| SELECT <left paren> <privilege column list> <right paren>
| SELECT <left paren> <privilege method list> <right paren>
| DELETE
| INSERT [ <left paren> <privilege column list> <right paren> ]
| UPDATE [ <left paren> <privilege column list> <right paren> ]
| REFERENCES [ <left paren> <privilege column list> <right paren> ]
| USAGE
| TRIGGER
| UNDER
| EXECUTE

<privilege method list> ::=
<specific routine designator> [ { <comma> <specific routine designator> }... ]

<privilege column list> ::=
<column name list>

<grantee> ::=
PUBLIC

| <authorization identifier>

<grantor> ::=
CURRENT_USER

| CURRENT_ROLE
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Syntax Rules

1) Let P be the <privileges>, let GOR be the <grant privilege statement> or <revoke statement> that
simply contains P, and let A be the grantor of GOR.

2) If the <object name> ON simply contained in GOR specifies <table name> TN, then let T be the table
identified by TN. T shall not be a declared local temporary table.

3) If T is a temporary table, then <object privileges> shall specify ALL PRIVILEGES.

4) If <action> AC is specified, then

Case:

a) 09 13 IfON specifies a <domainname>, <collationname>, <character set name>, <transliteration
name>, <schema-resolved user-defined type name>, or <sequence generator name>, then AC
shall specify USAGE.

b) 16 IfT is a base table or a viewed table, thenAC shall specify SELECT, DELETE, INSERT, UPDATE,
REFERENCES, or TRIGGER.

c) If ON specifies a <schema-resolved user-defined type name> that identifies a structured type
or specifies a <table name>, then AC shall specify UNDER.

d) 04 If the object identified by ON is an SQL-invoked routine, then AC shall specify EXECUTE.

5) Each <column name> in a <privilege column list> shall identify a column of T.

6) If <privilege method list> is specified, then ON shall specify a <table name> that identifies a table
of a structured type TY and each <specific routine designator> in the <privilege method list> shall
identify a method of TY.

7) Let O be the object identified by ON.

8) P specifies a set SPDK of one or more privilege descriptor kernels, as follows.

Case:

a) ALL PRIVILEGES specifies the set union of the following sets of privilege descriptor kernels:

i) The set of all privilege descriptor kernels whose object is O and whose action is one of
the actions on O for which A has grantable privilege descriptors.

ii) If O is a table, then all privilege descriptor kernels whose object O2 is a column of O
andwhose action is one of the actions onO2 forwhichAhas grantable columnprivilege
descriptors.

iii) If O is a table, then all privilege descriptor kernels whose object O3 is a table/method
pair in which the table is O and whose action is one of the actions on O3 for which A
has grantable column privilege descriptors.

b) Otherwise:

i) UPDATE (<privilege column list>) is equivalent to the specificationofUPDATE (<column
name>) for each<columnname> in <privilege column list>. INSERT (<privilege column
list>) is equivalent to the specification of INSERT (<column name>) for each <column
name> in <privilege column list>. REFERENCES (<privilege column list>) is equivalent
to the specification of REFERENCES (<column name>) for each <column name> in
<privilege column list>. SELECT (<privilege column list>) is equivalent to the specific-
ation of SELECT (<column name>) for each <column name> in <privilege column list>.
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SELECT (<privilegemethod list>) is equivalent to the specificationof SELECT (<specific
routine designator>) for each <specific routine designator> in <privilegemethod list>.

ii) After making the preceding transformations, let N be the number of <action>s and let
AC1, ..., ACN be an enumeration of the <action>s. For each i, 1 (one) ≤ i ≤ N, a privilege
descriptor kernel PDKi is specified, with action PAi and object POi, as follows.

Case:

1) If <action> is SELECT ( <columnname> ), thenPAi is SELECTandPOi is the column
of O identified by the <column name>.

2) If <action> is SELECT ( <specific routine designator> ), then PAi is SELECT and
POi is the table/method pair whose table is O and whose method is identified by
the <specific routine designator>.

3) If <action> is INSERT ( <columnname> ), thenPAi is INSERTandPOi is the column
of O identified by the <column name>.

4) If <action> is UPDATE ( <column name> ), then PAi is UPDATE and POi is the
column of O identified by the <column name>.

5) Otherwise, PAi is <action> and POi is O.

Access Rules

None.

General Rules

1) A <grantee> of PUBLIC denotes at all times a list of <grantee>s containing all of the <authorization
identifier>s in the SQL-environment.

2) An <authorization identifier> B has the WITH ADMIN OPTION on a role if a role authorization
descriptor identifies the role as granted toBWITHADMINOPTIONor a role authorizationdescriptor
identifies it as granted WITH ADMIN OPTION to another applicable role for B.

Conformance Rules

1) Without Feature T332, “Extended roles”, conforming SQL language shall not contain a <grantor>.

2) Without Feature T217, “TRIGGERprivilege”, conforming SQL language shall not contain an<action>
that contains TRIGGER.

3) Without Feature S081, “Subtables”, conforming SQL language shall not contain a <privileges> that
contains an<action> that containsUNDERand that contains an<object name> that contains a <table
name>.

4) Without Feature S023, “Basic structured types”, conforming SQL language shall not contain a
<privileges> that contains an <action> that contains UNDER and that contains an <object name>
that contains a <schema-resolved user-defined type name> that identifies a structured type.

5) Without Feature S024, “Enhanced structured types”, conforming SQL language shall not contain a
<privileges> that contains an <action> that contains USAGE and that contains an <object name>
that contains a <schema-resolved user-defined type name> that identifies a structured type.
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6) Without Feature T281, “SELECT privilege with column granularity”, in conforming SQL language,
an <action> that contains SELECT shall not contain a <privilege column list>.

7) Without Feature F731, “INSERT column privileges”, in conforming SQL language, an <action> that
contains INSERT shall not contain a <privilege column list>.

8) 04 13 16Without Feature S024, “Enhanced structured types”, conforming SQL language shall not
contain a <privilege method list>.

© ISO/IEC 2023 – All rights reserved 1079

ISO/IEC 9075-2:2023(E)
12.3 <privileges>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


12.4 <role definition>

Function

Define a role.

Format
<role definition> ::=
CREATE ROLE <role name> [ WITH ADMIN <grantor> ]

Syntax Rules

1) The specified <role name> shall not be equivalent to any other <authorization identifier> in the
SQL-environment.

2) Case:

a) If WITH ADMIN is omitted, then let G be OMITTED.

b) Otherwise, let G be <grantor>.

3) Syntax Rules of Subclause 12.8, “Grantor determination”, are applied with G as GRANTOR; let A be
the AUTHORIZATION IDENTIFIER returned from the application of those Syntax Rules.

Access Rules

1) The privileges necessary to execute the <role definition> are implementation-defined (IW141).

General Rules

1) A role descriptor whose role name is <role name> is created in the SQL-environment.

2) Agrantable role authorizationdescriptor is createdwhose rolename is <rolename>,whose grantor
is "_SYSTEM", and whose grantee is A.

Conformance Rules

1) Without Feature T331, “Basic roles”, conforming SQL language shall not contain a <role definition>.

2) Without Feature T332, “Extended roles”, conforming SQL language shall not contain a <role defini-
tion> that immediately contains WITH ADMIN.
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12.5 <grant role statement>

Function

Define role authorizations.

Format
<grant role statement> ::=
GRANT <role granted> [ { <comma> <role granted> }... ]

TO <grantee> [ { <comma> <grantee> }... ]
    [ WITH ADMIN OPTION ]
    [ GRANTED BY <grantor> ]

<role granted> ::=
<role name>

Syntax Rules

1) No role identified by a specified <grantee> shall be applicable for any role identified by a specified
<role granted>.

NOTE 651— That is, no cycles of role authorizations are allowed.

2) Case:

a) If <grantor> is omitted, then let G be OMITTED.

b) Otherwise, let G be <grantor>.

3) Syntax Rules of Subclause 12.8, “Grantor determination”, are applied with G as GRANTOR; let A be
the AUTHORIZATION IDENTIFIER returned from the application of those Syntax Rules.

Access Rules

None.

General Rules

1) For each <role granted> R, if no grantable role authorization descriptor exists whose role name is
R and whose grantee is A or an applicable role for A, then an exception condition is raised: invalid
role specification (0P000).

2) For each <grantee> GEE, for each <role granted> R, a role authorization descriptor is created with
role name R, grantee GEE, and grantor A.

3) If WITH ADMIN OPTION is specified, then each role authorization descriptor is grantable.

4) If two role authorization descriptors are identical except that one is grantable and the other is not,
then both role authorization descriptors are set to indicate that the role authorization is grantable.

5) Redundant duplicate role authorization descriptors are destroyed.

6) The set of involved privilege descriptors is the union of the sets of privilege descriptors corresponding
to the applicable privileges for every <role granted> specified.
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7) The set of involved grantees is the union of the set of <grantee>s and the set of <role name>s for
which at least one of the <role name>s that is possibly specified as a <grantee> is applicable.

Conformance Rules

1) Without Feature T331, “Basic roles”, conforming SQL language shall not contain a <grant role
statement>.
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12.6 <drop role statement>

Function

Destroy a role.

Format
<drop role statement> ::=
DROP ROLE <role name> <drop behavior>

Syntax Rules

1) Let R be the role identified by the specified <role name>.

2) Let DB be the <drop behavior>.
NOTE 652— RESTRICT behavior is enforced in the General Rules by performing a <revoke role statement>, which
will fail with an exception if there are any dependencies on the role.

Access Rules

1) There shall exist at least one grantable role authorization descriptor whose role name is R and
whose grantee is an enabled authorization identifier.

General Rules

1) For every <authorization identifier> A identified by a role authorization descriptor as having been
granted to R, the following <revoke role statement> is effectively executed without further Access
Rule checking:

REVOKE R FROM A DB

2) The descriptor of R is destroyed.

Conformance Rules

1) Without Feature T331, “Basic roles”, conforming SQL language shall not contain a <drop role
statement>.
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12.7 <revoke statement>
This Subclause is modified by Subclause 11.3, “<revoke statement>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 11.2, “<revoke statement>”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 11.3, “<revoke statement>”, in ISO/IEC 9075-13.
This Subclause is modified by Subclause 12.3, “<revoke statement>”, in ISO/IEC 9075-16.

Function

Destroy privileges and role authorizations.

Format
<revoke statement> ::=

<revoke privilege statement>
| <revoke role statement>

<revoke privilege statement> ::=
REVOKE [ <revoke option extension> ] <privileges>

FROM <grantee> [ { <comma> <grantee> }... ]
    [ GRANTED BY <grantor> ]

<drop behavior>

<revoke option extension> ::=
GRANT OPTION FOR

| HIERARCHY OPTION FOR

<revoke role statement> ::=
REVOKE [ ADMIN OPTION FOR ] <role revoked> [ { <comma> <role revoked> }... ]

FROM <grantee> [ { <comma> <grantee> }... ]
    [ GRANTED BY <grantor> ]

<drop behavior>

<role revoked> ::=
<role name>

Syntax Rules

1) If <revoke privilege statement> is specified, then:

a) Let O be the object identified by the <object name> contained in <privileges>. If O is a table
T, then let S be the set of subtables of O. If T is a table of a structured type, then let TY be that
type.

b) If HIERARCHY OPTION FOR is specified, then the <privileges> shall specify an <action> of
SELECT without a <privilege column list> and without a <privilege method list> and O shall
be a table of a structured type.

c) If O is a table, then SELECT without HIERARCHY OPTION FOR, a <privilege column list> or a
<privilegemethod list> is equivalent to specifying both the SELECT table privilege and SELECT
(<privilege column list>) for all columns of <table name>. If T is a table of a structured type
TY, then SELECT also specifies SELECT (<privilege column list>) for all columns inherited
from T in each of the subtables of T, and SELECT (<privilege method list>) for all methods of
TY in each of the subtables of T.

d) INSERT without a <privilege column list> is equivalent to specifying both the INSERT table
privilege and INSERT (<privilege column list>) for all columns of T.
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e) UPDATE without a <privilege column list> is equivalent to specifying both the UPDATE table
privilege and UPDATE (<privilege column list>) for all columns of T, as well as UPDATE
(<privilege column list>) for all columns inherited from T in each of the subtables of T.

f) REFERENCES without a <privilege column list> is equivalent to specifying both the REFER-
ENCES table privilege and REFERENCES (<privilege column list>) for all columns of T, as well
as REFERENCES (<privilege column list>) for all columns inherited from T in each of the
subtables of T.

g) Let SP be the set of <privileges> implied by the preceding rules.

h) Let NSP be the number of <privileges> in SP. Let Pi, 1 (one) ≤ i ≤ NSP, be an enumeration of
the <privileges> in SP. For all i, 1 (one) ≤ i ≤ NSP, let SPDKi be the set of privilege descriptor
kernels specified by Pi. Let USPDK be the union of the sets SPDKi for i, 1 (one) ≤ i ≤ NSP.

2) Case:

a) If GRANTED BY is omitted, then let G be OMITTED.

b) Otherwise, let G be <grantor>.

3) Syntax Rules of Subclause 12.8, “Grantor determination”, are applied with G as GRANTOR; let A be
the AUTHORIZATION IDENTIFIER returned from the application of those Syntax Rules. A is the
grantor of the <revoke statement>.

Access Rules

1) Case:

a) If the <revoke statement> is a <revoke privilege statement>, then:

i) The applicable privileges for A shall include a privilege identifying O or, if O is a table,
a column of O, or a table/method pair whose table is O.

ii) If <privileges> contains a <privilege column list> PCL, then for every <column name>
CN contained in PCL, the applicable privileges shall include a column privilege whose
object is the column identified by CN.

iii) If <privileges> contains a <privilegemethod list> PML, then for every <specific routine
designator> SRD contained in PML, the applicable privileges shall include a privilege
whose object is the method identified by SRD.

b) If the <revoke statement> is a <revoke role statement>, then, for every role R identified by a
<role revoked>, there shall exist a grantable role authorization descriptor whose role name
is R, and whose grantee is A or an applicable role of A.

General Rules

1) Case:

a) If the<revoke statement> is a<revokeprivilege statement>, then, for every<grantee> specified,
a set of privilege descriptors is identified.

i) Let NPDK be the number of privilege descriptor kernels in USPDK. Let PDKi, 1 (one) ≤
i ≤ NPDK, be an enumeration of the privilege descriptor kernels in USPDK. For all i, 1
(one) ≤ i ≤ NPDK, let PAi be the action of PDKi and let POi be the object of PDKi.
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ii) A privilege descriptor P is said to be identified if it belongs to the set of privilege
descriptors that define, for some i, 1 (one)≤ i≤NPDK, actionPAi andobjectPOi, granted
by A to <grantee>.

b) If the <revoke statement> is a <revoke role statement>, then, for every <grantee> specified,
a set of role authorization descriptors is identified. A role authorization descriptor is said to
be identified if it defines the grant of at least one of the specified <role revoked>s to <grantee>
with grantor A.

2) A privilege descriptor D is said to be directly dependent on another privilege descriptor P if

Case:

a) If D identifies a view or a column of a view, the grantor of D is the special grantor value
"_SYSTEM", and the action of D is INSERT, UPDATE, or DELETE, then D is directly dependent
on P if there exists a view privilege dependency descriptor whose supporting privilege
descriptor is P and whose dependent privilege descriptor is D.

b) Otherwise, D is directly dependent on P if exactly one of the following is true:

i) All of the following are true:

1) P indicates that the privilege that it represents is grantable.

2) The grantee of P is the same as the grantor of D, or the grantee of P is PUBLIC, or,
if the grantor of D is a <role name>, the grantee of P is an applicable role for the
grantor of D.

3) Case:

A) P andD are both columnprivilege descriptors. The action and the identified
column of P are the same as the action and identified column of D, respec-
tively.

B) 16P andD are both table privilege descriptors. The action and the identified
table of P are the same as the action and the identified table of D, respec-
tively.

C) P andD are both execute privilege descriptors. The action and the identified
SQL-invoked routine of P are the same as the action and the identified SQL-
invoked routine of D, respectively.

D) 13P andD are both usage privilege descriptors. The action and the identified
domain, character set, collation, transliteration, user-defined type, or
sequencegenerator ofP are the sameas the actionand the identifieddomain,
character set, collation, transliteration, user-defined type, or sequence
generator of D, respectively.

E) P and D are both under privilege descriptors. The action and the identified
user-defined type or table of P are the same as the action and the identified
user-defined type or table of D, respectively.

F) P and D are both table/method privilege descriptors. The action and the
identifiedmethodand table ofP are the sameas the action and the identified
method and table of D, respectively.

ii) All of the following are true:

1) The privilege descriptor for D indicates that its grantor is the special grantor
value "_SYSTEM".
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2) The action of P is the same as the action of D.

3) The grantee of P is the owner of the table, collation, or transliteration identified
by D or the grantee of P is PUBLIC.

4) Exactly one of the following is true:

A) P and D are both column privilege descriptors, the privilege descriptor D
identifies a <column name> CVN explicitly or implicitly contained in the
<view column list> of a <viewdefinition>V, and one of the following is true:

I) There exists a table T identified by a <table reference> contained in
the original <query expression>ofV anda columnCT that is a column
of T and an underlying column of CV, such that the action for P is
REFERENCES and either the identified column of P is CT or the
identified table of P is T.

II) There exists a table T identified by a <table reference> contained in
the original <query expression>ofV anda columnCT that is a column
of T and an underlying column of CV, such that the action for P is
SELECT and either the identified column of P is CT or the identified
table of P is T.

B) The privilege descriptor D identifies the <collation name> of a <collation
definition> CO and the identified character set name of P is included in the
collation descriptor for CO, or the identified transliteration name of P is
included in the collation descriptor for CO.

C) The privilege descriptor D identifies the <transliteration name> of a
<transliteration definition> TD and the identified character set name of P
is contained in the <source character set specification> or the <target
character set specification> immediately contained in TD.

iii) All of the following are true:

1) The privilege descriptor for D indicates that its grantor is the special grantor
value "_SYSTEM".

2) The grantee of P is the owner of the domain identified by D or the grantee of P is
PUBLIC.

3) TheprivilegedescriptorD identifies the<domainname>of a <domaindefinition>
DO and either the column privilege descriptor P has an action of REFERENCES
and identifies a column referenced in the <search condition> included in the
domain descriptor for DO, or the privilege descriptor P has an action of USAGE
and identifies a domain, collation, character set, or transliterationwhose<domain
name>, <collation name>, <character set name>, or <transliteration name>,
respectively, is contained in the <search condition> of the domain descriptor for
DO.

3) The privilege dependency graph is a directed graph such that all of the following are true:

a) Each node represents a privilege descriptor.

b) Each arc from node P1 to node P2 represents the fact that P2 directly depends on P1.

An independent node is a node that has no incoming arcs.

4) A privilege descriptor P is said to bemodified if all of the following are true:

a) P indicates that the privilege that it represents is grantable.
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b) P directly depends on an identified privilege descriptor or a modified privilege descriptor.

c) Case:

i) If P is a column privilege descriptor that includes a <column name> CVN explicitly or
implicitly contained in the <view column list> of a <view definition> Vwith an action
of neither SELECT nor a REFERENCES, then let XO and XA respectively be the identifier
of the object identified by a privilege descriptor X and the action of X. Within the set of
privilege descriptors upon which P directly depends, there exist some XO and XA for
which the set of identified privilege descriptors unioned with the set of modified priv-
ilege descriptors include all privilege descriptors specifying the grant ofXA onXOWITH
GRANT OPTION.

ii) If P is a columnprivilege descriptor that identifies a column CV identified by a <column
name> CVN explicitly or implicitly contained in the <view column list> of a <view
definition> Vwith an action PA of REFERENCES or SELECT, then let SP be the set of
privileges upon which P directly depends. For every table T identified by a <table ref-
erence> contained in the <query expression> of V, let RT be the <table name> of T.
There exists a column CTwhose <column name> is CRT, such that all of the following
are true:

1) CT is a column of T and an underlying column of CV.

2) Every privilege descriptor PD that is the descriptor of some member of SP that
specifies the action PA on CRTWITH GRANT OPTION is either an identified priv-
ilege descriptor for CRT or a modified privilege descriptor for CRT.

d) At least one of the following is true:

i) GRANT OPTION FOR is specified and the grantor of P is the special grantor value
"_SYSTEM".

ii) There exists a path to P from an independent node that includes no identified or mod-
ified privilege descriptors. P is said to be amarked modified privilege descriptor.

iii) P directly depends on a marked modified privilege descriptor, and the grantor of P is
the special grantor value "_SYSTEM". P is said to be amarked modified privilege
descriptor.

5) A role authorization descriptor D is said to be directly dependent on another role authorization
descriptor RD if all of the following are true:

a) RD indicates that the role that it represents is grantable.

b) The role name of D is the same as the role name of RD.

c) The grantee of RD is the same as the grantor of D, or the grantee of RD is PUBLIC, or, if the
grantor of D is a <role name>, the grantee of RD is an applicable role for the grantor of D.

6) The role dependency graph is a directed graph such that all of the following are true:

a) Each node represents a role authorization descriptor.

b) Each arc from node R1 to node R2 represents the fact that R2 directly depends on R1.

An independent node is one that has no incoming arcs.

7) A role authorization descriptor RD is said to be abandoned if RD is not an independent node, and
is not itself an identified role authorization descriptor, and there exists no path to RD from any
independent node other than paths that include an identified role authorization descriptor.
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8) An arc from a node P to a node D of the privilege dependency graph is said to be unsupported if all
of the following are true:

a) The grantor of D and the grantee of P are both <role name>s.

b) The destruction of all abandoned role authorization descriptors and, if ADMIN OPTION FOR
is not specified, all identified role authorization descriptors would result in the grantee of P
no longer being an applicable role for the grantor of D.

9) A privilege descriptor P is abandoned if at least one of the following is true:

a) P is not an independent node, and is not itself an identified or amodified privilege descriptor,
and there exists no path to P from any independent node other than paths that include an
identified privilege descriptor or a modified privilege descriptor or an unsupported arc, and,
if <revoke statement> specifiesWITHHIERARCHYOPTION, thenP has theWITHHIERARCHY
OPTION.

b) All of the following are true:

i) P is a column privilege descriptor that includes a <column name> CVN explicitly or
implicitly contained in the <view column list> of a <view definition> V, with an action
PA of REFERENCES or SELECT.

ii) Letting SP be the set of privileges upon which P directly depends, at least one of the
following is true:

1) There exists some table name RT such that all of the following are true:

A) RT is the name of the table identified by some <table reference> contained
in the original <query expression> of V.

B) For every column privilege descriptor CPD that is the descriptor of some
member of SP that specifies the action PA on RT, CPD is either an identified
privilege descriptor for RT or an abandoned privilege descriptor for RT.

2) There exists some column name CRT such that all of the following are true:

A) CRT is the name of some column of the table identified by some <table ref-
erence> contained in the original <query expression> of V.

B) For every column privilege descriptor CPD that is the descriptor of some
member of SP that specifies the actionPA on CRT, CPD is either an identified
privilege descriptor for CRT or an abandoned privilege descriptor for CRT.

10) The revoke destruction action is defined as

Case:

a) If the <revoke statement> is a <revoke privilege statement>, then

Case:

i) If the <revoke statement> specifies the WITH HIERARCHY OPTION, then the removal
of the WITH HIERARCHY OPTION from all identified and abandoned privilege
descriptors.

ii) Otherwise, thedestructionof all abandonedprivilegedescriptors and, if GRANTOPTION
FOR is not specified, all identified privilege descriptors.

b) If the <revoke statement> is a <revoke role statement>, then the destruction of all abandoned
role authorization descriptors, all abandoned privilege descriptors and, if ADMIN OPTION
FOR is not specified, all identified role authorization descriptors.

© ISO/IEC 2023 – All rights reserved 1089

ISO/IEC 9075-2:2023(E)
12.7 <revoke statement>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


11) Let REPO be a <search condition>, generation expression, or <SQL routine body>. The required
execute privileges of REPO are defined as:

a) EXECUTE privilege on every SQL-invoked routine that is the subject routine of any <routine
invocation> contained in REPO.

b) EXECUTE privilege on every SQL-invoked routine that is the subject routine of any <method
invocation> contained in REPO.

c) EXECUTE privilege on every SQL-invoked routine that is the subject routine of any <static
method invocation> contained in REPO.

d) 04EXECUTE privilege on every SQL-invoked routine that is the subject routine of any <method
reference> contained in REPO.

12) 09 Let S1 be, in turn, the name of every schema and A1 be the <authorization identifier> that owns
the schema identified by S1.

a) For every view descriptor V included in S1:

i) Let QE be the original <query expression> of V. V is said to be abandoned if the revoke
destruction action would result in A1 no longer having in its applicable privileges any
of the following:

1) SELECT privilege on at least one column of every table identified by a <table ref-
erence> contained in QE.

2) SELECT privilege on every column identified by a <column reference> contained
in QE.

3) USAGE privilege on every domain, every collation, every character set, and every
transliteration whose names are contained in QE.

4) USAGE privilege on every user-defined type UDT such that some data type con-
tained in V is usage-dependent on UDT.

5) The required execute privileges of QE.

6) The table/methodprivilege on every tableT1 and everymethodM such that there
is a <method reference>MR contained in QE such that T1 is in the scope of the
<value expression primary> ofMR andM is subject routine ofMR.

7) SELECT privilege on every column identified by a <column reference> contained
in the <scalar subquery> that is equivalent to some <dereference operation>
contained in QE.

8) SELECTWITH HIERARCHY OPTION privilege on at least one supertable of the
scoped table of each <reference resolution> that is contained in QE.

9) SELECTprivilege on every scoped table that is the scoped table of each<reference
resolution> that is contained in QE.

10) If V is the descriptor of a referenceable table, then USAGE privilege on the struc-
tured type associated with the view described by V.

11) UNDER privilege on every direct supertable of the view described by V.

12) 16SELECTWITHHIERARCHYOPTIONprivilege on at least one supertable of every
typed table identified by each <table reference> that simply contains an <only
spec> and that is contained in QE.

b) 09 16 For every table descriptor T included in S1:
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T is said to be abandoned if the revoke destruction action would result in A1 no longer
having any of the following:

i)

If T is the descriptor of a referenceable table, then USAGE privilege on the struc-
tured type associated with the table described by T.

1)

2) UNDER privilege on every direct supertable of the table described by T.

c) For every table constraint descriptor TC included in S1:

i) TC is said to be abandoned if the revoke destruction actionwould result inA1 no longer
having in its applicable privileges any of the following:

1) REFERENCESprivilege on at least one columnof every table identifiedby a <table
reference> contained in the applicable <search condition> of TC.

2) REFERENCES privilege on every column identified by a <column reference>
contained in the applicable <search condition> of TC.

3) USAGE privilege on every domain, every collation, every character set, and every
transliteration whose names are contained in the applicable <search condition>
of TC.

4) USAGE privilege on every user-defined type UDT such that some data type con-
tained in the applicable <search condition> of TC is usage-dependent on UDT.

5) The required execute privileges of the applicable <search condition> of TC.

6) The table/methodprivilege on every tableT1 and everymethodM such that there
is a <method reference>MR contained in the applicable <search condition> of
TC such that T1 is in the scope of the <value expression primary> ofMR andM is
the subject routine ofMR.

7) SELECT privilege on every column identified by a <column reference> contained
in the <scalar subquery> that is equivalent to some <dereference operation>
contained in the applicable <search condition>s of TC.

8) SELECTWITH HIERARCHY OPTION privilege on at least one supertable of the
scoped table of each <reference resolution> that is contained in the applicable
<search condition>s of TC.

9) SELECT privilege on the scoped table of each <reference resolution> that is con-
tained in the applicable <search condition>s of TC.

10) 16SELECTWITHHIERARCHYOPTIONprivilege on at least one supertable of each
typed table identified by every <table reference> that simply contains an <only
spec> and that is contained in the applicable <search condition> of TC.

d) For each assertion descriptor AX included in S1:

i) AX is said to be abandoned if the revoke destruction actionwould result inA1 no longer
having in its applicable privileges any of the following:

1) REFERENCESprivilege on at least one columnof every table identifiedby a <table
reference> contained in the applicable <search condition> of AX.

2) REFERENCES privilege on every column identified by a <column reference>
contained in the applicable <search condition> of AX.

3) USAGE privilege on every domain, every collation, every character set, and every
transliterationwhose names are contained in the applicable <search condition>s
of AX.
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4) USAGE privilege on every user-defined type UDT such that some data type con-
tained in the applicable <search condition>s of AX is usage-dependent on UDT.

5) The required execute privileges of the applicable <search condition>s of AX.

6) The table/methodprivilege on every tableT1 and everymethodM such that there
is a <method reference>MR contained in the applicable <search condition>s of
AX such that T1 is in the scope of the <value expression primary> ofMR andM is
the subject routine ofMR.

7) SELECT privilege on every column identified by a <column reference> contained
in the <scalar subquery> that is equivalent to some <dereference operation>
contained in the applicable <search condition>s of AX.

8) SELECTWITH HIERARCHY OPTION privilege on at least one supertable of the
scoped table of each <reference resolution> that is contained in the applicable
<search condition>s of AX.

9) SELECT privilege on the scoped table of every <reference resolution> that is
contained in the applicable <search condition>s of AX.

10) 16SELECTWITHHIERARCHYOPTIONprivilege on at least one supertable of every
typed table identified by every <table reference> that simply contains an <only
spec> and that is contained in the applicable <search condition>s of AX.

e) For every trigger descriptor TR included in S1:

i) TR is said to be abandoned if the revoke destruction actionwould result inA1 no longer
having in its applicable privileges any of the following:

1) TRIGGER privilege on the subject table of TR.

2) REFERENCESprivilege on at least one columnof every table identifiedby a <table
reference> contained in the <search condition>s of TR.

3) SELECT privilege on every column identified by a <column reference> contained
in the <search condition>s of TR.

4) USAGE privilege on every domain, collation, character set, and transliteration
whose name is contained in the <search condition>s of TR.

5) USAGE privilege on every user-defined type UDT such that some data type con-
tained in the <search condition>s of TR is usage-dependent on UDT.

6) The table/methodprivilege on every tableT1 and everymethodM such that there
is a <method reference>MR contained in any <search condition> of TR such that
T1 is in the scope of the <value expression primary> ofMR andM is the subject
routine ofMR.

7) The required execute privileges of the <search condition>s of TR.

8) The required execute privileges of the <triggered SQL statement> of TR.

9) SELECT privilege on at least one column of every table identified by a <table ref-
erence> contained in a<query expression> simply contained in a<cursor specific-
ation>, an<insert statement>, or a <merge statement> contained in the<triggered
SQL statement> of TR.

10) SELECT privilege on at least one column of every table identified by a <table ref-
erence> contained in a <table expression>or <select list> immediately contained
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in a <select statement: single row> contained in the <triggered SQL statement>
of TR.

11) SELECT privilege on at least one column of every table identified by a <table ref-
erence> and <column reference> contained in a <search condition> contained in
a <delete statement: searched>, an <update statement: searched>, or a <merge
statement> contained in the <triggered SQL statement> of TR.

12) SELECT privilege on at least one column of every table identified by a <table ref-
erence> and <column reference> contained in a <value expression> simply con-
tained in an <update source> or an <assigned row>contained in the <triggered
SQL statement> of TR.

13) INSERT privilege on every column

Case:

A) Identified by a <column name> contained in the <insert column list> of an
<insert statement> or a <merge statement> contained in the <triggered SQL
statement> of TR.

B) Of the table identified by the <table name> immediately contained in an
<insert statement> that does not contain an <insert column list> and that
is contained in the <triggered SQL statement> of TR.

C) Of the table identified by the <target table> contained in a <merge state-
ment> that contains a<merge insert specification>and that doesnot contain
an <insert column list> and that is contained in the <triggered SQL state-
ment> of TR.

14) UPDATE privilege on every column identified by a <column name> is contained
in an <object column> contained in either an <update statement: positioned>, an
<update statement: searched>, or a<merge statement>contained in the<triggered
SQL statement> of TR.

15) DELETE privilege on every table identified by a <table name> contained in either
a <delete statement: positioned> or a <delete statement: searched> contained in
the <triggered SQL statement> of TR.

16) DELETE privilege on the table identified by the <target table> contained in a
<merge statement> that contains a <merge delete specification> and that is con-
tained in the <triggered SQL statement> of TR.

17) USAGE privilege on every domain, collation, character set, transliteration, and
sequence generator whose name is contained in the <triggered SQL statement>
of TR.

18) USAGE privilege on every user-defined type UDT such that some data type con-
tained in the <triggered SQL statement> of TR is usage-dependent on UDT.

19) The table/methodprivilege on every tableT1 and everymethodM such that there
is a <method reference>MR contained in each <triggered SQL statement> of TR
such that T1 is in the scope of the <value expression primary> ofMR andM is the
subject routine ofMR.

20) SELECT privilege on any column identified by a <column reference> contained
in the <scalar subquery> that is equivalent to some <dereference operation>
contained in any of the following:

A) A <search condition> of TR.
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B) A <query expression> simply contained in a <cursor specification>, an
<insert statement>, or a <merge statement> contained in the <triggered
SQL statement> of TR.

C) A <table expression> or <select list> immediately contained in a <select
statement: single row> contained in the <triggered SQL statement> of TR.

D) A <search condition> contained in a <delete statement: searched>, an
<update statement: searched>, or a <merge statement> contained in the
<triggered SQL statement> of TR.

E) A <value expression> contained in an <update source> or an <assigned
row> contained in the <triggered SQL statement> of TR.

21) SELECTWITH HIERARCHY OPTION privilege on at least one supertable of the
scoped table of every <reference resolution> that is contained in any of the fol-
lowing:

A) A <search condition> of TR.

B) A <query expression> simply contained in a <cursor specification>, an
<insert statement>, or a <merge statement> contained in the <triggered
SQL statement> of TR.

C) A <table expression>or <select list> immediately contained in every <select
statement: single row> contained in the <triggered SQL statement> of TR.

D) A <search condition> contained in every <delete statement: searched>,
every<update statement: searched>, or every<merge statement> contained
in the <triggered SQL statement> of TR.

E) Every <value expression> contained in an <update source> or an <assigned
row> contained in the <triggered SQL statement> of TR.

22) SELECTprivilege on every scoped table that is the scoped table of each<reference
resolution> contained in any of the following:

A) A <search condition> of TR.

B) A <query expression> simply contained in a <cursor specification>, an
<insert statement>, or a <merge statement> contained in the <triggered
SQL statement> of TR.

C) A <table expression> or <select list> immediately contained in a <select
statement: single row> contained in the <triggered SQL statement> of TR.

D) A <search condition> contained in a <delete statement: searched>, an
<update statement: searched>, or a <merge statement> contained in the
<triggered SQL statement> of TR.

E) A <value expression> contained in an <update source> or an <assigned
row> contained in the <triggered SQL statement> of TR.

23) 04 16 SELECTWITH HIERARCHY OPTION privilege on at least one supertable of
every typed table identified by every <table reference> that simply contains an
<only spec> and that is contained in the <triggered SQL statement> of TR.

24) SELECT privilege on each column identified by a <column reference> contained
in a<value expression> simply contained in an<SQLcontrol statement> contained
in the <triggered SQL statement> of TR.
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f) For every domain constraint descriptor DC included in S1.

i) DC is said to be abandoned if the revoke destruction actionwould result inA1no longer
having in its applicable privileges any of the following:

1) REFERENCESprivilege on at least one columnof every table identifiedby a <table
reference> contained in any <search condition> of DC.

2) REFERENCES privilege on every column identified by a <column reference>
contained in the <search condition> of DC.

3) USAGE privilege on every domain, every user-defined type, every collation, every
character set, and every transliterationwhosenames are contained in any<search
condition> of DC.

4) USAGE privilege on each user-defined type UDT such that some data type con-
tained in the <search condition>s of DC is usage-dependent on UDT.

5) The required execute privileges of the <search condition>s of DC.

6) The table/methodprivilege on every tableT1 and everymethodM such that there
is a <method reference>MR contained in the <search condition>s ofDC such that
T1 is in the scope of the <value expression primary> ofMR andM is the subject
routine ofMR.

7) SELECT privilege on every column identified by a <column reference> contained
in a <scalar subquery> that is equivalent to some <dereference operation> con-
tained in the <search condition>s of DC.

8) SELECTWITH HIERARCHY OPTION privilege on at least one supertable of the
scoped table of every <reference resolution> that is contained in the <search
condition>s of DC.

9) SELECTprivilegeonevery scoped table that is the scoped table of every<reference
resolution> that is contained in the <search condition>s of DC.

10) 16SELECTWITHHIERARCHYOPTIONprivilege on at least one supertable of every
typed table identified by a <table reference> that simply contains an <only spec>
and that is contained in a <search condition> of DC.

g) For every domain descriptor DO included in S1, DO is said to be lost if the revoke destruction
action would result in A1 no longer having in its applicable privileges USAGE privilege on
every character set included in the data type descriptor included in DO.

h) For every table descriptor TD contained in S1, for every column descriptor CD included in TD,
CD is said to be lost if any of the following are true:

i) The revoke destruction action would result in A1 no longer having in its applicable
privileges USAGE privilege on any character set included in the data type descriptor
included in CD.

ii) The revoke destruction action would result in A1 no longer having in its applicable
privilegesUSAGEprivilegeonanyuser-defined typeUDT such that adata typedescriptor
included in CD describes a type that is usage-dependent on UDT.

iii) The name of the domain DN included in CD, if any, identifies a lost domain descriptor
and the revoke destruction action would result in A1 no longer having in its applicable
privileges USAGE privilege on any character set included in the data type descriptor
of the domain descriptor of DN.
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iv) CD has a generation expression GE and the revoke destruction action would result in
A1 no longer having in its applicable privileges the required execute privileges of GE.

i) For every SQL-client moduleMO, let G be the <module authorization identifier> that owns
MO.MO is said to be lost if the revoke destruction action would result in G no longer having
in its applicable privileges USAGE privilege on the character set referenced in the <module
character set specification> ofMO.

j) For every user-defined type descriptor DT included in S1, DT is said to be abandoned if any
of the following are true:

i) The revoke destruction action would result in A1 no longer having in its applicable
privilegesUSAGEprivilegeonanyuser-defined typeUDT such that adata typedescriptor
included in DT describes a type that is usage-dependent on UDT.

ii) 13The revoke destruction action would result in A1 no longer having in its applicable
privileges the UNDER privilege on any user-defined type that is a direct supertype of
DT.

k) S1 is said to be lost if the revoke destruction action would result in A1 no longer having in its
applicable privileges USAGE privilege on the default character set included in S1.

l) For every collation descriptor CN contained in S1, CN is said to be impacted if the revoke
destruction action would result in A1 no longer having in its applicable privileges USAGE
privilege on the collation whose name is contained in the <existing collation name> of CN.

m) For every character set descriptor CSD contained in S1, CSD is said to be impacted if the revoke
destruction action would result in A1 no longer having in its applicable privileges USAGE
privilege on the collation whose name is contained in CSD.

n) 13For every descriptor included in S1 that includes a data type descriptor DTD, DTD is said to
be impacted if the revoke destruction action would result in A1 no longer having in its
applicable privileges USAGE privilege on the collation whose name is included in DTD.

o) For every routinedescriptorRDwith anSQL security characteristic ofDEFINER that is included
in S1:

i) RD is said to be abandoned if the revoke destruction actionwould result inA1no longer
having in its applicable privileges any of the following:

1) 04The required execute privileges of the <SQL routine body> of RD or the <para-
meter default> of every SQL parameter of RD.

2) SELECTprivilege on at least one columnof each table identified by a <table refer-
ence> contained in a <query expression> simply contained in a <cursor specific-
ation>, an <insert statement>, or a <merge statement> contained in the <SQL
routine body> of RD.

3) SELECTprivilege on at least one columnof each table identified by a <table refer-
ence> contained in a <table expression> or <select list> immediately contained
in a <select statement: single row> contained in the <SQL routine body> of RD.

4) SELECTprivilege on at least one columnof each table identified by a <table refer-
ence> contained in a <search condition> contained in a <delete statement:
searched>, an <update statement: searched>, or a <merge statement> contained
in the <SQL routine body> of RD.

5) SELECTprivilege on at least one columnof each table identified by a <table refer-
ence> contained in a <value expression> simply contained in an <update source>
or an <assigned row> contained in the <SQL routine body> of RD.
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6) SELECT privilege on each column identified by a <column reference> contained
in a <search condition> contained in a <delete statement: searched>, an <update
statement: searched>, or a <merge statement> contained in the <SQL routine
body> of RD.

7) SELECT privilege on each column identified by a <column reference> contained
in a <value expression> simply contained in an <update source> or an <assigned
row> contained in the <SQL routine body> of RD.

8) INSERT privilege on each column

Case:

A) Identified by a <column name> contained in the <insert column list> of an
<insert statement> or a <merge statement> contained in the <SQL routine
body> of RD.

B) Of the table identified by the <table name> immediately contained in an
<insert statement> that does not contain an <insert column list> and that
is contained in the <SQL routine body> of RD.

C) Of the table identified by the <target table> immediately contained in a
<merge statement> that contains a <merge insert specification> and that
does not contain an <insert column list> and that is contained in the <SQL
routine body> of RD.

9) UPDATEprivilegeoneach columnwhosename is contained in an<object column>
contained in either an <update statement: positioned>, an <update statement:
searched>, or a <merge statement> contained in the <SQL routine body> of RD.

10) DELETE privilege on each table whose name is contained in a <table name>
contained in either a <delete statement: positioned> or a <delete statement:
searched> contained in the <SQL routine body> of RD.

11) DELETE privilege on the table identified by the <target table> contained in a
<merge statement> that contains a <merge delete specification> and that is con-
tained in the <SQL routine body> of RD.

12) USAGE privilege on each domain, collation, character set, transliteration, and
sequence generator whose name is contained in the <SQL routine body> of RD.

13) USAGE privilege on each user-defined type UDT such that a declared type of any
SQLparameter, returnsdata type, or result cast included inRD is usage-dependent
on UDT.

14) USAGE privilege on each user-defined type UDT such that some data type con-
tained in the <SQL routine body> of RD is usage-dependent on UDT.

15) The table/methodprivilege on every tableT1 and everymethodM such that there
is a <method reference>MR contained in the <SQL routine body> of RD such that
T1 is in the scope of the <value expression primary> ofMR andM is the subject
routine ofMR.

16) SELECT privilege on every column identified by a <column reference> contained
in a <scalar subquery> that is equivalent to a <dereference operation> contained
in any of the following:

A) A <query expression> simply contained in a <cursor specification>, an
<insert statement>, or a <merge statement> contained in the <SQL routine
body> of RD.

© ISO/IEC 2023 – All rights reserved 1097

ISO/IEC 9075-2:2023(E)
12.7 <revoke statement>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


B) A <table expression> or <select list> immediately contained in a <select
statement: single row> contained in the <SQL routine body> of RD.

C) A <search condition> contained in a <delete statement: searched>, an
<update statement: searched>, or a <merge statement> contained in the
<SQL routine body> of RD.

D) A <value expression> contained in an <update source> or an <assigned
row> contained in the <SQL routine body> of RD.

17) SELECTWITH HIERARCHY OPTION privilege on at least one supertable of the
scoped table of each <reference resolution> that is contained in any of the follow-
ing:

A) A <query expression> simply contained in a <cursor specification>, an
<insert statement>, or a <merge statement> contained in the <SQL routine
body> of RD.

B) A <table expression> or <select list> immediately contained in a <select
statement: single row> contained in the <SQL routine body> of RD.

C) A <search condition> contained in a <delete statement: searched>, an
<update statement: searched>, or a <merge statement> contained in the
<SQL routine body> of RD.

D) A <value expression> simply contained in an <update source> or an
<assigned row> contained in the <SQL routine body> of RD.

18) SELECT privilege on the scoped table of every <reference resolution> that is
contained in any of the following:

A) A <query expression> simply contained in a <cursor specification>, an
<insert statement>, or a <merge statement> contained in the <SQL routine
body> of RD.

B) A <table expression> or <select list> immediately contained in a <select
statement: single row> contained in the <SQL routine body> of RD.

C) A <search condition> contained in a <delete statement: searched>, an
<update statement: searched>, or a <merge statement> contained in the
<SQL routine body> of RD.

D) A <value expression> contained in an <update source> or an <assigned
row> contained in the <SQL routine body> of RD.

19) 13 16 SELECTWITH HIERARCHY OPTION privilege on at least one supertable of
every typed table identified by a <table reference> that simply contains an <only
spec> and that is contained in the <SQL routine body> of RD.

20) SELECT privilege on each column identified by a <column reference> contained
in a<value expression> simply contained in an<SQLcontrol statement> contained
in the <SQL routine body> of RD.

p) 09 For every table descriptor TD included in S1, for every column descriptor CD included in
TD, CD is said to be contaminated if CD includes at least one of the following:

i) A user-defined type descriptor that describes a supertype of a user-defined type
described by an abandoned user-defined type descriptor.
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ii) A reference type descriptor that includes a user-defined type descriptor that describes
a supertype of a user-defined type described by an abandoned user-defined type
descriptor.

iii) A collection type descriptor that includes a user-defined type descriptor that describes
a supertype of a user-defined type described by an abandoned user-defined type
descriptor.

iv) A collection type descriptor that includes a reference type descriptor that includes a
user-defined typedescriptor that describes a supertypeof auser-defined typedescribed
by an abandoned user-defined type descriptor.

q) 09 13 16 If RESTRICT is specified, and there exists an abandonedprivilege descriptor, abandoned
view, abandoned table constraint, abandoned assertion, abandoned domain constraint, lost
domain, lost column, lost schema, or a descriptor that includes an impacted data type
descriptor, impacted collation, impacted character set, abandoned user-defined type, or
abandoned routine descriptor, then an exception condition is raised: dependent privilege
descriptors still exist (2B000).

r) 04 If CASCADE is specified, then the impact on an SQL-client module that is determined to be
a lost module is implementation-defined (IA048).

s) Case:

i) If the <revoke statement> is a <revoke privilege statement>, then

Case:

1) If neitherWITHHIERARCHYOPTION nor GRANTOPTION FOR is specified, then:

A) All abandoned privilege descriptors are destroyed.

B) The identified privilege descriptors are destroyed.

C) The modified privilege descriptors are set to indicate that they are not
grantable.

2) If WITH HIERARCHY OPTION is specified, then the WITH HIERARCHY OPTION
is removed from all identified and abandoned privilege descriptors, if present.

3) If GRANT OPTION FOR is specified, then

Case:

A) If CASCADE is specified, then all abandoned privilege descriptors are des-
troyed.

B) Otherwise, if there are any privilege descriptors directly dependent on an
identified privilege descriptor that are not modified privilege descriptors,
then an exception condition is raised: dependent privilege descriptors still
exist (2B000).

The identified privilege descriptors and the modified privilege descriptors are
set to indicate that they are not grantable.

ii) If the <revoke statement> is a <revoke role statement>, then:

1) If CASCADE is specified, then all abandoned role authorization descriptors are
destroyed.

2) All abandoned privilege descriptors are destroyed.
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3) Case:

A) If ADMIN OPTION FOR is specified, then the identified role authorization
descriptors are set to indicate that they are not grantable.

B) If ADMINOPTIONFOR is not specified, then the identified role authorization
descriptors are destroyed.

t) For every abandoned view descriptor V, let S1.VN be the <table name> of V. The following
<drop view statement> is effectively executed without further Access Rule checking:

DROP VIEW S1.VN CASCADE

u) For every abandoned table descriptor T, let S1.TN be the <table name> of T. The following
<drop table statement> is effectively executed without further Access Rule checking:

DROP TABLE S1.TN CASCADE

v) For every abandoned table constraint descriptor TC, let S1.TCN be the <constraint name> of
TC and let S2.T2 be the <table name> of the table that contains TC (S1 and S2 possibly
equivalent). The following <alter table statement> is effectively executed without further
Access Rule checking:

ALTER TABLE S2.T2
DROP CONSTRAINT S1.TCN
CASCADE

w) For every abandoned assertion descriptor AX, let S1.AXN be the <constraint name> of AX. The
following <drop assertion statement> is effectively executed without further Access Rule
checking:

DROP ASSERTION S1.AXN CASCADE

x) For every abandoned trigger descriptor TR, let S1.TRN be the <trigger name> of TR. The fol-
lowing <drop trigger statement> is effectively executedwithout further Access Rule checking:

DROP TRIGGER S1.TRN

y) For every abandoned domain constraint descriptor DC, let S1.DCN be the <constraint name>
of DC and let S2.DN be the <domain name> of the domain that contains DC. The following
<alter domain statement> is effectively executed without further Access Rule checking:

ALTER DOMAIN S2.DN
DROP CONSTRAINT S1.DCN

z) For every lost column descriptor CD, let S1.TN be the <table name> of the table whose
descriptor includes the descriptor CD and let CN be the <column name> of CD. The following
<alter table statement> is effectively executed without further Access Rule checking:

ALTER TABLE S1.TN
DROP COLUMN CN CASCADE

aa) For every lost domain descriptor DO, let S1.DN be the <domain name> of DO. The following
<drop domain statement> is effectively executed without further Access Rule checking:

DROP DOMAIN S1.DN CASCADE

ab) For every lost schema S1, the default character set of that schema is modified to include the
name of the implementation-defined (ID139) <character set specification> that would have
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been this schema’s default character set had the <schema definition> not specified a <schema
character set specification>.

ac) If the object identified by O is a collation, let OCN be the name of that collation.

ad) For every descriptor that includes an impacted data type descriptor DTD, DTD is modified
such that it does not include OCN.

ae) For every impacted collation descriptor CDwith included collation name CN, the following
<drop collation statement> is effectively executed without further Access Rule checking:

DROP COLLATION CN CASCADE

af) For every impacted character set descriptor CSDwith included character set name CSN, CSD
is modified so that the included collation name is the name of the default collation for the
character set on which CSD is based.

ag) For every abandoneduser-defined typedescriptorDTwith<user-defined typename> S1.DTN,
the following <drop data type statement> is effectively executed without further Access Rule
checking:

DROP TYPE S1.DTN CASCADE

ah) 04 13 16 For every abandoned SQL-invoked routine descriptor RD, let R be the SQL-invoked
routinewhosedescriptor isRD. Let SNbe the<specificname>ofR. The following<drop routine
statement> is effectively executed without further Access Rule checking:

DROP SPECIFIC ROUTINE SN CASCADE

ai) If the <revoke statement> is a <revoke privilege statement>, then:

i) For every combination of <grantee> and <action> on O specified in <privileges>, if
there is no corresponding privilege descriptor in the set of identified privilege
descriptors, then a completion condition is raised:warning— privilege not revoked
(01006).

ii) If ALL PRIVILEGES was specified, then for each <grantee>, if no privilege descriptors
were identified, then a completion condition is raised:warning—privilege not revoked
(01006).

aj) For every contaminated column descriptor CD, let S1.TN be the <table name> of the table
whose descriptor includes the descriptor CD and let CN be the <column name> of CD. The
following <alter table statement> is effectively executedwithout furtherAccessRule checking:

ALTER TABLE S1.TN
DROP COLUMN CN CASCADE

Conformance Rules

1) Without Feature T331, “Basic roles”, conforming SQL language shall not contain a <revoke role
statement>.

2) Without Feature F035, “REVOKE with CASCADE”, conforming SQL language shall not contain a
<revoke statement> that contains a <drop behavior> that contains CASCADE.

3) Without FeatureF037, “REVOKEstatement: GRANTOPTIONFORclause”, conformingSQL language
shall not contain a <revoke option extension> that contains GRANT OPTION FOR.
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4) Without Feature F036, “REVOKE statement performed by non-owner”, conforming SQL language
shall not contain a <revoke statement> that contains a <privileges> that contains an <object name>
where the owner of the SQL-schema that is specified explicitly or implicitly in the <object name>
is not the current authorization identifier.

5) Without Feature F038, “REVOKE of a WITH GRANT OPTION privilege”, conforming SQL language
shall not contain a <revoke statement> such that there exists a privilege descriptor PD that satisfies
all the following conditions:

a) PD identifies theobject identifiedby<object name> simply contained in<privileges> contained
in the <revoke statement>.

b) PD identifies the<grantee> identifiedbyany<grantee> simply contained in<revoke statement>
and that <grantee> does not identify the owner of the SQL-schema that is specified explicitly
or implicitly in the <object name> simply contained in <privileges> contained in the <revoke
statement>.

c) PD identifies the action identified by the <action> simply contained in <privileges> contained
in the <revoke statement>.

d) PD indicates that the privilege is grantable.

6) 13Without Feature S081, “Subtables”, conforming SQL language shall not contain a <revoke option
extension> that contains HIERARCHY OPTION FOR.
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12.8 Grantor determination

Function

Determine the grantor of a privilege or role authorization, or the intended owner of a role.

Subclause Signature

“Grantor determination” [Syntax Rules] (
  Parameter: “GRANTOR”
) Returns: “AUTHORIZATION IDENTIFIER”

GRANTOR— a value indicating the mechanism to be used to determine the authorization identifier
of oneormoreprivileges (OMITTED,CURRENT_USER,CURRENT_ROLE, or anauthorization identifier).

AUTHORIZATION IDENTIFIER—an authorization identifier representing the grantor of one ormore
privileges.

Syntax Rules

1) Let G be the GRANTOR in an application of the Syntax Rules of this Subclause. The result of the
application of this Subclause is returned as AUTHORIZATION IDENTIFIER.

2) The grantor A is derived from G as follows.

Case:

a) If G is OMITTED, then

Case:

i) If there is a current user identifier, then A is the current user identifier.

ii) Otherwise, A is the current role name.

b) If G is CURRENT_USER, then

Case:

i) There shall be a current user identifier.

ii) Otherwise, A is the current user identifier.

c) If G is CURRENT_ROLE, then

Case:

i) There shall be a current role name.

ii) Otherwise, A is the current role name.

3) Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause,
which receives A as AUTHORIZATION IDENTIFIER.

Access Rules

None.

© ISO/IEC 2023 – All rights reserved 1103

ISO/IEC 9075-2:2023(E)
12.8 Grantor determination

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


General Rules

None.

Conformance Rules

1) Without Feature T332, “Extended roles”, conforming SQL language shall contain no <grantor>.
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13 SQL-client modules

This Clause is modified by Clause 12, “SQL-client modules”, in ISO/IEC 9075-4.
This Clause is modified by Clause 12, “SQL-client modules”, in ISO/IEC 9075-9.
This Clause is modified by Clause 13, “SQL-client modules”, in ISO/IEC 9075-14.
This Clause is modified by Clause 12, “SQL-client modules”, in ISO/IEC 9075-15.
This Clause is modified by Clause 13, “SQL-client modules”, in ISO/IEC 9075-16.

13.1 <SQL-client module definition>
This Subclause is modified by Subclause 12.1, “<SQL-client module definition>”, in ISO/IEC 9075-9.

Function

Define an SQL-client module.

Format
<SQL-client module definition> ::=
<module name clause> <language clause> <module authorization clause>
    [ <module path specification> ]
    [ <module transform group specification> ]
    [ <module collations> ]
    [ <temporary table declaration>... ]

<module contents>...

<module authorization clause> ::=
SCHEMA <schema name>

| AUTHORIZATION <module authorization identifier>
    [ FOR STATIC { ONLY | AND DYNAMIC } ]

| SCHEMA <schema name> AUTHORIZATION <module authorization identifier>
    [ FOR STATIC { ONLY | AND DYNAMIC } ]

<module authorization identifier> ::=
<authorization identifier>

<module path specification> ::=
<path specification>

<module transform group specification> ::=
<transform group specification>

<module collations> ::=
<module collation specification>...

<module collation specification> ::=
COLLATION <collation name> [ FOR <character set specification list> ]

<character set specification list> ::=
<character set specification> [ { <comma> <character set specification> }... ]

<module contents> ::=
<declare cursor>

| <dynamic declare cursor>
| <externally-invoked procedure>
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Syntax Rules

1) The <language clause> shall not specify SQL.

2) If SCHEMA <schema name> is not specified, then a <schema name> equivalent to <module
authorization identifier> is implicit.

3) If the explicit or implicit <schemaname>doesnot specify a<catalogname>, thenan implementation-
defined (ID159) <catalog name> is implicit.

4) The implicit or explicit <catalog name> is the implicit <catalog name> for all unqualified <schema
name>s in the <SQL-client module definition>.

5) If <module path specification> is not specified, then a <module path specification> containing an
implementation-defined (ID160) <schema name list> that contains the <schema name> contained
in <module authorization clause> is implicit.

6) The explicit or implicit <catalog name> of each <schema name> contained in the <schema name
list> of the <module path specification> shall be equivalent to the <catalog name> of the explicit or
implicit <schema name> contained in <module authorization clause>.

7) The <schema name list> of the explicit or implicit <module path specification> is used as the SQL-
path of the <SQL-client module definition>. The SQL-path is used to effectively qualify unqualified
<routine name>s that are immediately contained in <routine invocation>s that are contained in
the <SQL-client module definition>.

8) Case:

a) If <module transform group specification> is not specified, then a <module transform group
specification> containing a <multiple group specification> with a <group specification> GS
for each <host parameter declaration> contained in <host parameter declaration list> of each
<externally-invoked procedure> contained in <SQL-client module definition> whose <host
parameter data type> UDT identifies a user-defined type with no <locator indication> is
implicit. The <group name> of GS is implementation-defined (ID177) and its <path-resolved
user-defined type name> is UDT.

b) If <module transform group specification> contains a <single group specification> with a
<group name> GN, then a <module transform group specification> containing a <multiple
group specification> that contains a <group specification> GS for each <host parameter
declaration> contained in <host parameter declaration list> of each <externally-invoked
procedure> contained in <SQL-client module definition> whose <host parameter data type>
UDT identifies a user-defined typewith no <locator indication> is implicit. The <group name>
of GS is GN and its <path-resolved user-defined type name> is UDT.

c) If <module transform group specification> contains a <multiple group specification>MGS,
then a <module transform group specification> containing <multiple group specification>
that containsMGS extended with a <group specification> GS for each <host parameter
declaration> contained in <host parameter declaration list> of each <externally-invoked
procedure> contained in <SQL-client module definition> whose <host parameter data type>
UDT identifies a user-defined type with no <locator indication> and no equivalent of UDT is
contained in any <group specification> contained inMGS is implicit. The <group name> of GS
is implementation-defined (ID177) and its <path-resolved user-defined type name> is UDT.

9) No two <character set specification>s contained in any <module collation specification> shall be
equivalent.

10) A <module collation specification>MCS specifies the SQL-client module collation for one or more
character sets for the SQL-client module. Let CO be the collation identified by the <collation name>
contained inMCS.
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Case:

a) If <character set specification list> is specified, then the collation specified by CO shall be
applicable to every character set identifiedby a <character set specification> simply contained
in the<module collation specification>. For each character set specified, the SQL-clientmodule
collation for that character set is set to CO.

b) Otherwise, the character sets for which the SQL-client module collation is set to CO are
implementation-defined (ID177).

11) A <declare cursor> shall precede in the text of the <SQL-client module definition> any <externally-
invoked procedure> that references the <cursor name> of the <declare cursor>.

12) A <dynamic declare cursor> shall precede in the text of the <SQL-client module definition> any
<externally-invokedprocedure> that references the<cursorname>of the<dynamicdeclare cursor>.

13) If neither FOR STATIC ONLY nor FOR STATIC AND DYNAMIC is specified, then FOR STATIC AND
DYNAMIC is implicit.

14) For every<declare cursor> in an<SQL-clientmodule definition>, the<SQL-clientmodule definition>
shall contain exactly one<open statement> that specifies the<cursorname>declared in the<declare
cursor>.

NOTE 653— See the Syntax Rules of Subclause 14.1, “<declare cursor>”.

15) Let EIP1 and EIP2 be two <externally-invoked procedure>s contained in an <SQL-client module
definition> that have the same number of <host parameter declaration>s and immediately contain
a <fetch statement> referencing the same <cursor name>. Let n be the number of <host parameter
declaration>s. Let P1i, 1 (one) ≤ i ≤ n, be the i-th <host parameter declaration> of EIP1. Let DT1i be
the <data type> contained in P1i. Let P2i be the i-th <host parameter declaration> of EIP2. Let DT2i
be the <data type> contained in P2i. For each i, 1 (one) ≤ i ≤ n,

Case:

a) If DT1i and DT2i both identify a binary large object type, then either P1i and P2i shall both be
binary large object locator parameters or neither shall be binary large object locator
parameters.

b) If DT1i and DT2i both identify a character large object type, then either P1i and P2i shall both
be character large object locator parameters or neither shall be character large object locator
parameters.

c) If DT1i and DT2i both identify a user-defined type, then either P1i and P2i shall both be user-
defined type locator parameters or neither shall be user-defined type locator parameters.

Access Rules

None.

General Rules

1) If the SQL-agent that performs a call of an <externally-invokedprocedure> in an <SQL-clientmodule
definition> is not a program that conforms to the specification for the programming language spe-
cified by the <language clause> of that <SQL-clientmodule definition>, then the effect is implemen-
tation-dependent (UA059).

2) If the SQL-agent performs calls of <externally-invoked procedure>s frommore than one Ada task,
then the results are implementation-dependent (UV104).
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3) If FOR STATIC ONLY is specified, then the SQL-client module includes an indication that prepared
statements resulting fromexecutionof externally-invokedprocedures included in thatmodulehave
no owner.

4) After the last time that an SQL-agent performs a call of an <externally-invoked procedure>:

a) 09A<rollback statement> or a <commit statement> is effectively executed. If an unrecoverable
error has occurred, or if the SQL-agent terminated unexpectedly, or if any enforced constraint
is not satisfied, then a <rollback statement> is performed. Otherwise, the choice of which of
these SQL-statements to perform is implementation-dependent (UA060). If the SQL-imple-
mentation choice is <commit statement>, then all holdable cursors are first closed. The
determination of whether an SQL-agent has terminated unexpectedly is implementation-
dependent (UA061).

b) For every SQL descriptor area that is currently allocated within an SQL-session associated
with the SQL-agent, let D be the <descriptor name> of that SQL descriptor area; a <deallocate
descriptor statement> that specifies

DEALLOCATE DESCRIPTOR D

is effectively executed.

c) All SQL-sessions associated with the SQL-agent are terminated.

Conformance Rules

1) Without Feature S071, “SQL paths in function and type name resolution”, conforming SQL language
shall not contain a <module path specification>.

2) Without Feature S241, “Transform functions”, conforming SQL language shall not contain a <module
transform group specification>.

3) Without Feature F693, “SQL-session and client module collations”, conforming SQL language shall
not contain a <module collation specification>.

4) Without Feature B051, “Enhanced execution rights”, conforming SQL language shall not contain a
<module authorization clause> that immediately contains FOR STATIC ONLY or FOR STATIC AND
DYNAMIC.

5) Without FeatureB111, “Module languageAda”, conforming SQL language shall not contain an<SQL-
client module definition> that contains a <language clause> that contains ADA.

6) Without Feature B112, “Module language C”, conforming SQL language shall not contain an <SQL-
client module definition> that contains a <language clause> that contains C.

7) Without Feature B113, “Module language COBOL ”, conforming SQL language shall not contain an
<SQL-client module definition> that contains a <language clause> that contains COBOL.

8) Without Feature B114, “Module language Fortran”, conforming SQL language shall not contain an
<SQL-client module definition> that contains a <language clause> that contains FORTRAN.

9) Without Feature B115, “Module language MUMPS ”, conforming SQL language shall not contain an
<SQL-client module definition> that contains a <language clause> that contains M.

10) Without Feature B116, “Module language Pascal”, conforming SQL language shall not contain an
<SQL-client module definition> that contains a <language clause> that contains PASCAL.

11) Without Feature B117, “Module language PL/I”, conforming SQL language shall not contain an
<SQL-client module definition> that contains a <language clause> that contains PLI.
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13.2 <module name clause>

Function

Name an SQL-client module.

Format
<module name clause> ::=
MODULE [ <SQL-client module name> ] [ <module character set specification> ]

<module character set specification> ::=
NAMES ARE <character set specification>

Syntax Rules

1) If a <module name clause> does not specify an <SQL-client module name>, then the <SQL-client
module definition> is unnamed.

2) The <SQL-client module name> shall not be equivalent to the <SQL-client module name> of any
other <SQL-client module definition> in the same SQL-environment.

NOTE 654— An SQL-environment can have multiple <SQL-client module definition>s that are unnamed.

3) If the <language clause> of the containing <SQL-client module definition> specifies ADA, then an
<SQL-client module name> shall be specified, and that <SQL-client module name> shall be a valid
Ada library unit name.

4) If a <module character set specification> is not specified, then a<module character set specification>
that specifies an implementation-defined (ID178) character set that contains at least every character
that is in <SQL language character> is implicit.

Access Rules

None.

General Rules

1) If <SQL-clientmodule name> is specified, then, in the SQL-environment, the containing <SQL-client
module definition> has the name given by <SQL-client module name>.

Conformance Rules

1) Without Feature F461, “Named character sets”, conforming SQL language shall not contain a
<module character set specification>.
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13.3 <externally-invoked procedure>
This Subclause is modified by Subclause 12.1, “<externally-invoked procedure>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 12.2, “<externally-invoked procedure>”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 13.1, “<externally-invoked procedure>”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 12.1, “<externally-invoked procedure>”, in ISO/IEC 9075-15.
This Subclause is modified by Subclause 13.1, “<externally-invoked procedure>”, in ISO/IEC 9075-16.

Function

Define an externally-invoked procedure.

Format
<externally-invoked procedure> ::=
PROCEDURE <procedure name> <host parameter declaration list> <semicolon>

<SQL procedure statement> <semicolon>

<host parameter declaration list> ::=
<left paren> <host parameter declaration>
    [ { <comma> <host parameter declaration> }... ] <right paren>

<host parameter declaration> ::=
<host parameter name> <host parameter data type>

| <status parameter>

<host parameter data type> ::=
<data type> [ <locator indication> ]

<status parameter> ::=
SQLSTATE

Syntax Rules

1) 09The <procedure name> shall not be equivalent to the <procedure name>of any other <externally-
invoked procedure> in the containing <SQL-client module definition>.

NOTE 655— The <procedure name> must be a standard-conforming procedure, function, or routine name of the
language specifiedby the subject<languageclause>. Failure toobserve this recommendationwill have implementation-
dependent effects.

2) The <host parameter name> of each <host parameter declaration> in an <externally-invoked pro-
cedure> shall not be equivalent to the <host parameter name> of any other <host parameter
declaration> in that <externally-invoked procedure>.

3) Any<host parameter name> contained in the <SQLprocedure statement> of an<externally-invoked
procedure> shall be specified in a <host parameter declaration> in that <externally-invoked pro-
cedure>.

4) If <locator indication> is simply contained in <host parameter declaration>, then:

a) 15Thedeclared typeT identifiedby the <data type> immediately contained in <host parameter
data type> shall be one of:

i) binary large object type;

ii) character large object type;

iii) array type;
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iv) multiset type;

v) 15user-defined type.

b) IfT is a binary large object type, then thehost parameter identifiedby<host parameter name>
is called a binary large object locator parameter.

c) If T is a character large object type, then the host parameter identified by <host parameter
name> is called a character large object locator parameter.

d) If T is an array type, then the host parameter identified by <host parameter name> is called
an array locator parameter.

e) If T is a multiset type, then the host parameter identified by <host parameter name> is called
amultiset locator parameter.

f) If T is a user-defined type, then the host parameter identified by <host parameter name> is
called a user-defined type locator parameter.

5) Let n be the number of <host parameter declaration>s in the <externally-invoked procedure> EP.

6) A call of an <externally-invoked procedure> shall supply n arguments.

7) An<externally-invokedprocedure> shall containone<statusparameter> referred to as an SQLSTATE
host parameter. The SQLSTATE host parameter is referred to as a status parameter.

8) For each <host parameter declaration>, to determine whether the corresponding host parameter
is an input host parameter, anoutput host parameter, or both an input host parameter andanoutput
host parameter, the Syntax Rules of Subclause 9.8, “Host parameter mode determination”, are
applied with <host parameter declaration> asHOST PARAMDECL and <SQL procedure statement>
as SQL PROC STMT; let PMODE be the PARAMETER MODE returned from the application of those
Syntax Rules.

9) Let PDi, 1 (one) ≤ i ≤ n, be the i-th <host parameter declaration>. Let PDTi be the <data type> con-
tained in PDi. Let ADTi be the data type of the argument corresponding to PDi.

10) If the caller language of the <externally-invoked procedure> is ADA, then:

a) The SQL-implementation shall generate the source code of an Ada library unit package ALUP,
the name of which shall be

Case:

i) If the <SQL-clientmodule name> SCMN of the <SQL-clientmodule definition> is a valid
Ada identifier, then equivalent to SCMN.

ii) Otherwise, implementation-defined (IV225).

b) For each <externally-invoked procedure> of the <SQL-client module definition>, there shall
appear within ALUP a subprogram declaration declaring a procedure.

i) If <procedure name> is a valid Ada identifier, then the name of that procedure PN shall
be equivalent to <procedure name>; otherwise, PN shall be implementation-defined
(IV225).

ii) The parameters in each Ada procedure declaration APD shall appear in the same order
as the <host parameter declaration>s of the corresponding <externally-invoked pro-
cedure> EIP. If the names of the parameters declared in the <host parameter declara-
tion>s ofEIP are validAda identifiers, then theparameters inAPD shall haveparameter
names that are equivalent to the names of the corresponding parameters declared in
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the <host parameter declaration>s contained in EIP; otherwise, the parameters inAPD
shall have parameter names that are implementation-defined (IV225).

iii) The parameter modes and subtype marks used in the parameter specifications are
constrained by the remaining paragraphs of this Subclause.

c) For each i, 1 (one) ≤ i ≤ n, if PDi does not contain <locator indication>, then PDTi shall not
identify a data type listed in the “SQL data type” column of Table 21, “Data type correspond-
ences for Ada”, for which the corresponding row in the “Ada data type” column is “None”.

d) The types of parameter specificationswithin the Ada subprogram declarations shall be taken
from the library unit package Interfaces.SQL and its children Numerics and Varying and
optional children Adacsn and Adacsn.Varying.

e) 04 09 14 15 16The declaration of the library unit package Interfaces.SQL shall conform to the
following template:

package Interfaces.SQL is
-- The declarations of CHAR and NCHAR may be subtype declarations
type CHAR is (See the Syntax Rules)
type NCHAR is (See the Syntax Rules)
type SMALLINT is range bs .. ts;
type INT is range bi .. ti;
type BIGINT is range bb .. tb;
type REAL is digits dr;
type DOUBLE_PRECISION is digits dd;
type BOOLEAN is new Boolean;
subtype INDICATOR_TYPE is t;
type SQLSTATE_TYPE is new CHAR (1 .. 5);
package SQLSTATE_CODES is

    SUCCESSFUL_COMPLETION_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "00000";
    WARNING_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "01000";
    WARNING_CURSOR_OPERATION_CONFLICT:
      constant SQLSTATE_TYPE := "01001";
    WARNING_DISCONNECT_ERROR:
      constant SQLSTATE_TYPE := "01002";
    WARNING_NULL_VALUE_ELIMINATED_IN_SET_FUNCTION:
      constant SQLSTATE_TYPE := "01003";
    WARNING_STRING_DATA_RIGHT_TRUNCATION:
      constant SQLSTATE_TYPE := "01004";
    WARNING_INSUFFICIENT_ITEM_DESCRIPTOR_AREAS:
      constant SQLSTATE_TYPE := "01005";
    WARNING_PRIVILEGE_NOT_REVOKED:
      constant SQLSTATE_TYPE := "01006";
    WARNING_PRIVILEGE_NOT_GRANTED:
      constant SQLSTATE_TYPE := "01007";
    WARNING_SEARCH_CONDITION_TOO_LONG_FOR_INFORMATION_SCHEMA:
      constant SQLSTATE_TYPE := "01009";
    WARNING_QUERY_EXPRESSION_TOO_LONG_FOR_INFORMATION_SCHEMA:
      constant SQLSTATE_TYPE := "0100A";
    WARNING_DEFAULT_VALUE_TOO_LONG_FOR_INFORMATION_SCHEMA:
      constant SQLSTATE_TYPE := "0100B";
    WARNING_RESULT_SETS_RETURNED:
      constant SQLSTATE_TYPE := "0100C";
    WARNING_ATTEMPT_TO_RETURN_TOO_MANY_RESULT_SETS:
      constant SQLSTATE_TYPE := "0100E";
    WARNING_STATEMENT_TOO_LONG_FOR_INFORMATION_SCHEMA:
      constant SQLSTATE_TYPE := "0100F";
    WARNING_INVALID_NUMBER_OF_CONDITIONS:
      constant SQLSTATE_TYPE := "01012";
    WARNING_ARRAY_DATA_RIGHT_TRUNCATION:
      constant SQLSTATE_TYPE := "0102F";
    NO_DATA_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "02000";
    NO_DATA_NO_ADDITIONAL_RESULT_SETS_RETURNED:
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      constant SQLSTATE_TYPE := "02001";
    DYNAMIC_SQL_ERROR_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "07000";
    DYNAMIC_SQL_ERROR_USING_CLAUSE_DOES_NOT_MATCH_DYNAMIC_PARAMETER_SPECIFICATIONS:

      constant SQLSTATE_TYPE := "07001";
    DYNAMIC_SQL_ERROR_USING_CLAUSE_DOES_NOT_MATCH_TARGET_SPECIFICATIONS:
      constant SQLSTATE_TYPE := "07002";
    DYNAMIC_SQL_ERROR_CURSOR_SPECIFICATION_CANNOT_BE_EXECUTED:
      constant SQLSTATE_TYPE := "07003";
    DYNAMIC_SQL_ERROR_USING_CLAUSE_REQUIRED_FOR_DYNAMIC_PARAMETERS:
      constant SQLSTATE_TYPE := "07004";
    DYNAMIC_SQL_ERROR_PREPARED_STATEMENT_NOT_A_CURSOR_SPECIFICATION:
      constant SQLSTATE_TYPE := "07005";
    DYNAMIC_SQL_ERROR_RESTRICTED_DATA_TYPE_ATTRIBUTE_VIOLATION:
      constant SQLSTATE_TYPE := "07006";
    DYNAMIC_SQL_ERROR_USING_CLAUSE_REQUIRED_FOR_RESULT_FIELDS:
      constant SQLSTATE_TYPE := "07007";
    DYNAMIC_SQL_ERROR_INVALID_DESCRIPTOR_COUNT:
      constant SQLSTATE_TYPE := "07008";
    DYNAMIC_SQL_ERROR_INVALID_DESCRIPTOR_INDEX:
      constant SQLSTATE_TYPE := "07009";
    DYNAMIC_SQL_ERROR_DATA_TYPE_TRANSFORM_FUNCTION_VIOLATION:
      constant SQLSTATE_TYPE := "0700B";
    DYNAMIC_SQL_ERROR_UNDEFINED_DATA_VALUE:
      constant SQLSTATE_TYPE := "0700C";
    DYNAMIC_SQL_ERROR_INVALID_DATA_TARGET:
      constant SQLSTATE_TYPE := "0700D";
    DYNAMIC_SQL_ERROR_INVALID_LEVEL_VALUE:
      constant SQLSTATE_TYPE := "0700E";
    DYNAMIC_SQL_ERROR_INVALID_DATETIME_INTERVAL_CODE:
      constant SQLSTATE_TYPE := "0700F";
    DYNAMIC_SQL_ERROR_INVALID_PASS_THROUGH_SURROGATE_VALUE:
      constant SQLSTATE_TYPE := "0700G";
    DYNAMIC_SQL_ERROR_PIPE_ROW_NOT_DURING_PTF_EXECUTION:
      constant SQLSTATE_TYPE := "0700H";
    CONNECTION_EXCEPTION_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "08000";
    CONNECTION_EXCEPTION_SQL_CLIENT_UNABLE_TO_ESTABLISH_SQL_CONNECTION:
      constant SQLSTATE_TYPE := "08001";
    CONNECTION_EXCEPTION_CONNECTION_NAME_IN_USE:
      constant SQLSTATE_TYPE := "08002";
    CONNECTION_EXCEPTION_CONNECTION_DOES_NOT_EXIST:
      constant SQLSTATE_TYPE := "08003";
    CONNECTION_EXCEPTION_SQL_SERVER_REJECTED_ESTABLISHMENT_OF_SQL_CONNECTION:
      constant SQLSTATE_TYPE := "08004";
    CONNECTION_EXCEPTION_CONNECTION_FAILURE:
      constant SQLSTATE_TYPE := "08006";
    CONNECTION_EXCEPTION_TRANSACTION_RESOLUTION_UNKNOWN:
      constant SQLSTATE_TYPE := "08007";
    TRIGGERED_ACTION_EXCEPTION_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "09000";
    FEATURE_NOT_SUPPORTED_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "0A000";
    FEATURE_NOT_SUPPORTED_MULTIPLE_SERVER_TRANSACTIONS:
      constant SQLSTATE_TYPE := "0A001";
    INVALID_TARGET_TYPE_SPECIFICATION_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "0D000";
    INVALID_SCHEMA_NAME_LIST_SPECIFICATION_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "0E000";
    LOCATOR_EXCEPTION_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "0F000";
    LOCATOR_EXCEPTION_INVALID_SPECIFICATION:
      constant SQLSTATE_TYPE := "0F001";
    INVALID_SQL_INVOKED_PROCEDURE_REFERENCE_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "0M000";
    INVALID_ROLE_SPECIFICATION_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "0P000";
    INVALID_TRANSFORM_GROUP_NAME_SPECIFICATION_NO_SUBCLASS:
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      constant SQLSTATE_TYPE := "0S000";
    TARGET_TABLE_DISAGREES_WITH_CURSOR_SPECIFICATION_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "0T000";
    ATTEMPT_TO_ASSIGN_TO_NON_UPDATABLE_COLUMN_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "0U000";
    ATTEMPT_TO_ASSIGN_TO_ORDERING_COLUMN_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "0V000";
    PROHIBITED_STATEMENT_ENCOUNTERED_DURING_TRIGGER_EXECUTION_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "0W000";
    PROHIBITED_STATEMENT_ENCOUNTERED_DURING_TRIGGER_EXECUTION_MODIFY_TABLE_MODI-
FIED_BY_DATA_CHANGE_DELTA_TABLE:
      constant SQLSTATE_TYPE := "0W001";
    DIAGNOSTICS_EXCEPTION_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "0Z000";
    DIAGNOSTICS_EXCEPTION_MAXIMUM_NUMBER_OF_STACKED_DIAGNOSTICS_AREAS_EXCEEDED:
      constant SQLSTATE_TYPE := "0Z001";
    PROHIBITED_COLUMN_REFERENCE_ENCOUNTERED_DURING_TRIGGER_EXECUTION_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "11000";
    CARDINALITY_VIOLATION_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "21000";
    DATA_EXCEPTION_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "22000";
    DATA_EXCEPTION_STRING_DATA_RIGHT_TRUNCATION:
      constant SQLSTATE_TYPE := "22001";
    DATA_EXCEPTION_NULL_VALUE_NO_INDICATOR_PARAMETER:
      constant SQLSTATE_TYPE := "22002";
    DATA_EXCEPTION_NUMERIC_VALUE_OUT_OF_RANGE:
      constant SQLSTATE_TYPE := "22003";
    DATA_EXCEPTION_NULL_VALUE_NOT_ALLOWED:
      constant SQLSTATE_TYPE := "22004";
    DATA_EXCEPTION_ERROR_IN_ASSIGNMENT:
      constant SQLSTATE_TYPE := "22005";
    DATA_EXCEPTION_INVALID_INTERVAL_FORMAT:
      constant SQLSTATE_TYPE := "22006";
    DATA_EXCEPTION_INVALID_DATETIME_FORMAT:
      constant SQLSTATE_TYPE := "22007";
    DATA_EXCEPTION_DATETIME_FIELD_OVERFLOW:
      constant SQLSTATE_TYPE := "22008";
    DATA_EXCEPTION_INVALID_TIME_ZONE_DISPLACEMENT_VALUE:
      constant SQLSTATE_TYPE := "22009";
    DATA_EXCEPTION_ESCAPE_CHARACTER_CONFLICT:
      constant SQLSTATE_TYPE := "2200B";
    DATA_EXCEPTION_INVALID_USE_OF_ESCAPE_CHARACTER:
      constant SQLSTATE_TYPE := "2200C";
    DATA_EXCEPTION_INVALID_ESCAPE_OCTET:
      constant SQLSTATE_TYPE := "2200D";
    DATA_EXCEPTION_NULL_VALUE_IN_ARRAY_TARGET:
      constant SQLSTATE_TYPE := "2200E";
    DATA_EXCEPTION_ZERO_LENGTH_CHARACTER_STRING:
      constant SQLSTATE_TYPE := "2200F";
    DATA_EXCEPTION_MOST_SPECIFIC_TYPE_MISMATCH:
      constant SQLSTATE_TYPE := "2200G";
    DATA_EXCEPTION_SEQUENCE_GENERATOR_LIMIT_EXCEEDED:
      constant SQLSTATE_TYPE := "2200H";
    DATA_EXCEPTION_INTERVAL_VALUE_OUT_OF_RANGE:
      constant SQLSTATE_TYPE := "2200P";
    DATA_EXCEPTION_MULTISET_VALUE_OVERFLOW:
      constant SQLSTATE_TYPE := "2200Q";
    DATA_EXCEPTION_INVALID_INDICATOR_PARAMETER_VALUE:
      constant SQLSTATE_TYPE := "22010";
    DATA_EXCEPTION_SUBSTRING_ERROR:
      constant SQLSTATE_TYPE := "22011";
    DATA_EXCEPTION_DIVISION_BY_ZERO:
      constant SQLSTATE_TYPE := "22012";
    DATA_EXCEPTION_INVALID_PRECEDING_OR_FOLLOWING_SIZE_IN_WINDOW_FUNCTION:
      constant SQLSTATE_TYPE := "22013";
    DATA_EXCEPTION_INVALID_ARGUMENT_FOR_NTILE_FUNCTION:
      constant SQLSTATE_TYPE := "22014";
    DATA_EXCEPTION_INTERVAL_FIELD_OVERFLOW:

1114 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
13.3 <externally-invoked procedure>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


      constant SQLSTATE_TYPE := "22015";
    DATA_EXCEPTION_INVALID_ARGUMENT_FOR_NTH_VALUE_FUNCTION:
      constant SQLSTATE_TYPE := "22016";
    DATA_EXCEPTION_INVALID_CHARACTER_VALUE_FOR_CAST:
      constant SQLSTATE_TYPE := "22018";
    DATA_EXCEPTION_INVALID_ESCAPE_CHARACTER:
      constant SQLSTATE_TYPE := "22019";
    DATA_EXCEPTION_INVALID_REGULAR_EXPRESSION:
      constant SQLSTATE_TYPE := "2201B";
    DATA_EXCEPTION_NULL_ROW_NOT_PERMITTED_IN_TABLE:
      constant SQLSTATE_TYPE := "2201C";
    DATA_EXCEPTION_INVALID_ARGUMENT_FOR_NATURAL_LOGARITHM:
      constant SQLSTATE_TYPE := "2201E";
    DATA_EXCEPTION_INVALID_ARGUMENT_FOR_POWER_FUNCTION:
      constant SQLSTATE_TYPE := "2201F";
    DATA_EXCEPTION_INVALID_ARGUMENT_FOR_WIDTH_BUCKET_FUNCTION:
      constant SQLSTATE_TYPE := "2201G";
    DATA_EXCEPTION_INVALID_ROW_VERSION:
      constant SQLSTATE_TYPE := "2201H";
    DATA_EXCEPTION_INVALID_XQUERY_REGULAR_EXPRESSION:
      constant SQLSTATE_TYPE := "2201S";
    DATA_EXCEPTION_INVALID_XQUERY_OPTION_FLAG:
      constant SQLSTATE_TYPE := "2201T";
    DATA_EXCEPTION_ATTEMPT_TO_REPLACE_A_ZERO_LENGTH_STRING:
      constant SQLSTATE_TYPE := "2201U";
    DATA_EXCEPTION_INVALID_XQUERY_REPLACEMENT_STRING:
      constant SQLSTATE_TYPE := "2201V";
    DATA_EXCEPTION_INVALID_ROW_COUNT_IN_FETCH_FIRST_CLAUSE:
      constant SQLSTATE_TYPE := "2201W";
    DATA_EXCEPTION_INVALID_ROW_COUNT_IN_RESULT_OFFSET_CLAUSE:
      constant SQLSTATE_TYPE := "2201X";
    DATA_EXCEPTION_ZERO_LENGTH_BINARY_STRING:
      constant SQLSTATE_TYPE := "2201Y";
    DATA_EXCEPTION_INVALID_PERIOD_VALUE:
      constant SQLSTATE_TYPE := "22020";
    DATA_EXCEPTION_CHARACTER_NOT_IN_REPERTOIRE:
      constant SQLSTATE_TYPE := "22021";
    DATA_EXCEPTION_INDICATOR_OVERFLOW:
      constant SQLSTATE_TYPE := "22022";
    DATA_EXCEPTION_INVALID_PARAMETER_VALUE:
      constant SQLSTATE_TYPE := "22023";
    DATA_EXCEPTION_UNTERMINATED_C_STRING:
      constant SQLSTATE_TYPE := "22024";
    DATA_EXCEPTION_INVALID_ESCAPE_SEQUENCE:
      constant SQLSTATE_TYPE := "22025";
    DATA_EXCEPTION_TRIM_ERROR:
      constant SQLSTATE_TYPE := "22027";
    DATA_EXCEPTION_NON_CHARACTER_IN_CHARACTER_STRING:
      constant SQLSTATE_TYPE := "22029";
    DATA_EXCEPTION_NULL_VALUE_SUBSTITUTED_FOR_MUTATOR_SUBJECT_PARAMETER:
      constant SQLSTATE_TYPE := "2202D";
    DATA_EXCEPTION_ARRAY_ELEMENT_ERROR:
      constant SQLSTATE_TYPE := "2202E";
    DATA_EXCEPTION_ARRAY_DATA_RIGHT_TRUNCATION:
      constant SQLSTATE_TYPE := "2202F";
    DATA_EXCEPTION_INVALID_REPEAT_ARGUMENT_IN_A_SAMPLE_CLAUSE:
      constant SQLSTATE_TYPE := "2202G";
    DATA_EXCEPTION_INVALID_SAMPLE_SIZE:
      constant SQLSTATE_TYPE := "2202H";
    DATA_EXCEPTION_INVALID_ARGUMENT_FOR_ROW_PATTERN_NAVIGATION_FUNCTION:
      constant SQLSTATE_TYPE := "2202J";
    DATA_EXCEPTION_SKIP_TO_NON_EXISTENT_ROW:
      constant SQLSTATE_TYPE := "2202K";
    DATA_EXCEPTION_SKIP_TO_FIRST_ROW_OF_MATCH:
      constant SQLSTATE_TYPE := "2202L";
    DATA_EXCEPTION_NON_BOOLEAN_SQL_JSON_ITEM:
      constant SQLSTATE_TYPE := "2202V";
    DATA_EXCEPTION_NON_DATE_SQL_JSON_ITEM:
      constant SQLSTATE_TYPE := "2202W";
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    DATA_EXCEPTION_NON_STRING_SQL_JSON_ITEM:
      constant SQLSTATE_TYPE := "2202X";
    DATA_EXCEPTION_NON_TIME_SQL_JSON_ITEM:
      constant SQLSTATE_TYPE := "2202Y";
    DATA_EXCEPTION_NON_TIMESTAMP_SQL_JSON_ITEM:
      constant SQLSTATE_TYPE := "2202Z";
    DATA_EXCEPTION_DUPLICATE_JSON_OBJECT_KEY_VALUE:
      constant SQLSTATE_TYPE := "22030";
    DATA_EXCEPTION_INVALID_ARGUMENT_FOR_SQL_JSON_DATETIME_FUNCTION:
      constant SQLSTATE_TYPE := "22031";
    DATA_EXCEPTION_INVALID_JSON_TEXT:
      constant SQLSTATE_TYPE := "22032";
    DATA_EXCEPTION_INVALID_SQL_JSON_SUBSCRIPT:
      constant SQLSTATE_TYPE := "22033";
    DATA_EXCEPTION_MORE_THAN_ONE_SQL_JSON_ITEM:
      constant SQLSTATE_TYPE := "22034";
    DATA_EXCEPTION_NO_SQL_JSON_ITEM:
      constant SQLSTATE_TYPE := "22035";
    DATA_EXCEPTION_NON_NUMERIC_SQL_JSON_ITEM:
      constant SQLSTATE_TYPE := "22036";
    DATA_EXCEPTION_NON_UNIQUE_KEYS_IN_A_JSON_OBJECT:
      constant SQLSTATE_TYPE := "22037";
    DATA_EXCEPTION_SINGLETON_SQL_JSON_ITEM_REQUIRED:
      constant SQLSTATE_TYPE := "22038";
    DATA_EXCEPTION_SQL_JSON_ARRAY_NOT_FOUND:
      constant SQLSTATE_TYPE := "22039";
    DATA_EXCEPTION_SQL_JSON_MEMBER_NOT_FOUND:
      constant SQLSTATE_TYPE := "2203A";
    DATA_EXCEPTION_SQL_JSON_NUMBER_NOT_FOUND:
      constant SQLSTATE_TYPE := "2203B";
    DATA_EXCEPTION_SQL_JSON_OBJECT_NOT_FOUND:
      constant SQLSTATE_TYPE := "2203C";
    DATA_EXCEPTION_TOO_MANY_JSON_ARRAY_ELEMENTS:
      constant SQLSTATE_TYPE := "2203D";
    DATA_EXCEPTION_TOO_MANY_JSON_OBJECT_MEMBERS:
      constant SQLSTATE_TYPE := "2203E";
    DATA_EXCEPTION_SQL_JSON_SCALAR_REQUIRED:
      constant SQLSTATE_TYPE := "2203F";
    DATA_EXCEPTION_SQL_JSON_ITEM_CANNOT_BE_CAST_TO_TARGET_TYPE:
      constant SQLSTATE_TYPE := "2203G";
    INTEGRITY_CONSTRAINT_VIOLATION_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "23000";
    INTEGRITY_CONSTRAINT_VIOLATION_RESTRICT_VIOLATION:
      constant SQLSTATE_TYPE := "23001";
    INVALID_CURSOR_STATE_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "24000";
    INVALID_TRANSACTION_STATE_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "25000";
    INVALID_TRANSACTION_STATE_ACTIVE_SQL_TRANSACTION:
      constant SQLSTATE_TYPE := "25001";
    INVALID_TRANSACTION_STATE_BRANCH_TRANSACTION_ALREADY_ACTIVE:
      constant SQLSTATE_TYPE := "25002";
    INVALID_TRANSACTION_STATE_INAPPROPRIATE_ACCESS_MODE_FOR_BRANCH_TRANSACTION:
      constant SQLSTATE_TYPE := "25003";
    INVALID_TRANSACTION_STATE_INAPPROPRIATE_ISOLATION_LEVEL_FOR_BRANCH_TRANSACTION:

      constant SQLSTATE_TYPE := "25004";
    INVALID_TRANSACTION_STATE_NO_ACTIVE_SQL_TRANSACTION_FOR_BRANCH_TRANSACTION:
      constant SQLSTATE_TYPE := "25005";
    INVALID_TRANSACTION_STATE_READ_ONLY_SQL_TRANSACTION:
      constant SQLSTATE_TYPE := "25006";
    INVALID_TRANSACTION_STATE_SCHEMA_AND_DATA_STATEMENT_MIXING_NOT_SUPPORTED:
      constant SQLSTATE_TYPE := "25007";
    INVALID_TRANSACTION_STATE_HELD_CURSOR_REQUIRES_SAME_ISOLATION_LEVEL:
      constant SQLSTATE_TYPE := "25008";
    INVALID_SQL_STATEMENT_NAME_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "26000";
    TRIGGERED_DATA_CHANGE_VIOLATION_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "27000";
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    TRIGGERED_DATA_CHANGE_VIOLATION_MODIFY_TABLE_MODIFIED_BY_DATA_CHANGE_DELTA_TABLE:

      constant SQLSTATE_TYPE := "27001";
    INVALID_AUTHORIZATION_SPECIFICATION_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "28000";
    DEPENDENT_PRIVILEGE_DESCRIPTORS_STILL_EXIST_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "2B000";
    INVALID_CHARACTER_SET_NAME_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "2C000";
    INVALID_TRANSACTION_TERMINATION_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "2D000";
    INVALID_CONNECTION_NAME_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "2E000";
    SQL_ROUTINE_EXCEPTION_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "2F000";
    SQL_ROUTINE_EXCEPTION_MODIFYING_SQL_DATA_NOT_PERMITTED:
      constant SQLSTATE_TYPE := "2F002";
    SQL_ROUTINE_EXCEPTION_PROHIBITED_SQL_STATEMENT_ATTEMPTED:
      constant SQLSTATE_TYPE := "2F003";
    SQL_ROUTINE_EXCEPTION_READING_SQL_DATA_NOT_PERMITTED:
      constant SQLSTATE_TYPE := "2F004";
    SQL_ROUTINE_EXCEPTION_FUNCTION_EXECUTED_NO_RETURN_STATEMENT:
      constant SQLSTATE_TYPE := "2F005";
    INVALID_COLLATION_NAME_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "2H000";
    INVALID_SQL_STATEMENT_IDENTIFIER_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "30000";
    INVALID_SQL_DESCRIPTOR_NAME_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "33000";
    INVALID_CURSOR_NAME_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "34000";
    INVALID_CONDITION_NUMBER_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "35000";
    CURSOR_SENSITIVITY_EXCEPTION_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "36000";
    CURSOR_SENSITIVITY_EXCEPTION_REQUEST_REJECTED:
      constant SQLSTATE_TYPE := "36001";
    CURSOR_SENSITIVITY_EXCEPTION_REQUEST_FAILED:
      constant SQLSTATE_TYPE := "36002";
    EXTERNAL_ROUTINE_EXCEPTION_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "38000";
    EXTERNAL_ROUTINE_EXCEPTION_CONTAINING_SQL_NOT_PERMITTED:
      constant SQLSTATE_TYPE := "38001";
    EXTERNAL_ROUTINE_EXCEPTION_MODIFYING_SQL_DATA_NOT_PERMITTED:
      constant SQLSTATE_TYPE := "38002";
    EXTERNAL_ROUTINE_EXCEPTION_PROHIBITED_SQL_STATEMENT_ATTEMPTED:
      constant SQLSTATE_TYPE := "38003";
    EXTERNAL_ROUTINE_EXCEPTION_READING_SQL_DATA_NOT_PERMITTED:
      constant SQLSTATE_TYPE := "38004";
    EXTERNAL_ROUTINE_INVOCATION_EXCEPTION_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "39000";
    EXTERNAL_ROUTINE_INVOCATION_EXCEPTION_NULL_VALUE_NOT_ALLOWED:
      constant SQLSTATE_TYPE := "39004";
    SAVEPOINT_EXCEPTION_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "3B000";
    SAVEPOINT_EXCEPTION_INVALID_SPECIFICATION:
      constant SQLSTATE_TYPE := "3B001";
    SAVEPOINT_EXCEPTION_TOO_MANY:
      constant SQLSTATE_TYPE := "3B002";
    AMBIGUOUS_CURSOR_NAME_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "3C000";
    INVALID_CATALOG_NAME_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "3D000";
    INVALID_SCHEMA_NAME_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "3F000";
    TRANSACTION_ROLLBACK_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "40000";
    TRANSACTION_ROLLBACK_SERIALIZATION_FAILURE:
      constant SQLSTATE_TYPE := "40001";
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    TRANSACTION_ROLLBACK_INTEGRITY_CONSTRAINT_VIOLATION:
      constant SQLSTATE_TYPE := "40002";
    TRANSACTION_ROLLBACK_STATEMENT_COMPLETION_UNKNOWN:
      constant SQLSTATE_TYPE := "40003";
    TRANSACTION_ROLLBACK_TRIGGERED_ACTION_EXCEPTION:
      constant SQLSTATE_TYPE := "40004";
    SYNTAX_ERROR_OR_ACCESS_RULE_VIOLATION_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "42000";
    WITH_CHECK_OPTION_VIOLATION_NO_SUBCLASS:
      constant SQLSTATE_TYPE := "44000";
end SQLSTATE_CODES;

end Interfaces.SQL;

wherebs, ts,bi, ti,bb, tb,dr,dd,bsc, and tsc are implementation-defined (IV226) integer values.
t is INTor SMALLINT, correspondingwith an implementation-defined (IV227)<exact numeric
type> of indicator parameters.

The library unit package Interfaces.SQLmay contain additional declarations as specified in
subsequent Syntax Rules.

The text of the Ada library unit package Interfaces.SQL is also available from the ISO website
asa “digitalartifact”. Seehttps://standards.iso.org/iso-iec/9075/-2/ed-6/en/
to download digital artifacts for this document. To download the library unit package, select
the file named ISO_IEC_9075-2(E)_Foundation-Interfaces.SQL.ada.

NOTE 656— The Ada identifier INVALID_SQL_STATEMENT appears for compatibility with earlier editions
of the ISO/IEC9075 series.However, the intended symbol is INVALID_SQL_STATEMENT_IDENTIFIER_NO_SUB-
CLASS, which was added to correspond correctly with the exception condition name.

f) The libraryunit package Interfaces.SQL.Numerics shall contain a sequenceof decimal fixed
point type declarations of the following form:

type Scale_s is delta 10.0 ** - s digits max_p;

where s is an integer ranging from 0 (zero) to an implementation-defined (IL066) maximum
value andmax_p is an implementation-defined (IL066) integer maximum precision.

g) The library unit package Interfaces.SQL.VARYING shall contain type or subtypedeclarations
with the defining identifiers CHAR and NCHAR. The definitions of these type or subtype
declarations are implementation-defined (IV228), but shall support the SQL data types
CHARACTER VARYING and NATIONAL CHARACTER VARYING, respectively.

h) Let SQLcsn be a <character set name> and let Adacsn be the result of replacing <period>s in
SQLcsnwith <underscore>s. If Adacsn is a valid Ada identifier, then the library unit packages
Interfaces.SQL.AdacsnandInterfaces.SQL.Adacsn.Varying shall containa typeorsubtype
declaration with defining identifier CHAR. If Adacsn is not a valid Ada identifier, then the
names of these packages shall be implementation-defined (IV225).

i) Interfaces.SQL and its children may contain context clauses and representation items as
needed. These packages may also contain declarations of Ada character types as needed to
support the declarations of the types CHAR and NCHAR. The definitions of Inter-
faces.SQL.CHAR and Interfaces.SQL.NCHAR are implementation-defined (IV229), but shall
support the SQL data types CHARACTER and NATIONAL CHARACTER, respectively.

NOTE 657— If the implementation-defined (IV229) character set specification used by default with a fixed-
length character string type is Latin1, then the declaration

subtype CHAR is String;

within Interfaces.SQL and the declaration

subtype CHAR is
    Ada.Strings.Unbounded.Unbounded_String;
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within Interfaces.SQL.Varying (assuming the appropriate context clause) conform to the requirements of
this paragraph of this Subclause. If the character set underlying NATIONAL CHARACTER is supported by an
Ada package specification Host_Char_Pkg that declares a type String_Type that stores strings over the given
character set, and furthermore the package specification Host_Char_Pkg_Varying (not necessary distinct
from Host_Char_Pkg) declares a type String_Type_Varying that reproduces the functionality of
Ada.Strings.Unbounded.Unbounded_String over the national character string type (rather than Latin1),
then the declaration

subtype NCHAR is Host_Char_Pkg.String_Type;

within Interfaces.SQL and the declaration

subtype NCHAR is Host_Char_Pkg_Varying.String_Type_Varying;

within Interfaces.SQL.Varying conform to the requirements of this paragraph. Similar comments apply to
other character sets and the packages Interfaces.SQL.Adacsn and Interfaces.SQL.Adacsn.Varying.

j) The library unit package Interfaces.SQL shall contain declarations of the following form:

package CHARACTER_SET renames Interfaces.SQL.Adacsn;
subtype CHARACTER_TYPE is CHARACTER_SET.cst;

where cst is a data type capable of storing a single character from the default character set.
The package Interfaces.SQL.Adacsn shall contain the necessary declaration for cst.

NOTE 658— If the default character set is Latin1, then a declaration of the form:

package CHARACTER_SET is
   subtype cst is Character;
end CHARACTER_SET;

can be substituted for the renaming declaration of CHARACTER_SET.

k) The base type of the SQLSTATE parameter shall be Interfaces.SQL.SQLSTATE_TYPE.

l) The Ada parameter mode of the SQLSTATE parameter is out.

m) If the i-th <host parameter declaration> specifies a <data type> that is:

i) CHARACTER(L) for some L, then the subtype mark in the i-th parameter declaration
shall specify Interfaces.SQL.CHAR.

ii) CHARACTER VARYING(L) for some L, then the subtype mark in the i-th parameter
declaration shall specify Interfaces.SQL.VARYING.CHAR.

iii) NATIONAL CHARACTER(L) for some L, then the subtype mark in the i-th parameter
declaration shall specify Interfaces.SQL.NCHAR.

iv) NATIONAL CHARACTER VARYING(L) for some L, then the subtype mark in the i-th
parameter declaration shall specify Interfaces.SQL.VARYING.NCHAR.

v) CHARACTER(L) CHARACTER SET csn for some L and some character set name csn,
then the subtype mark in the i-th parameter declaration shall specify Inter-
faces.SQL.Adacsn.CHAR.

vi) CHARACTER VARYING(L) CHARACTER SET csn for some L and some character set
name csn, then the subtype mark in the i-th parameter declaration shall specify
Interfaces.SQL.Adacsn.VARYING.CHAR.

If P is an actual parameter associated with the i-th parameter in a call to the encompassing
procedure, then P shall be sufficient to hold a character string of length L in the appropriate
character set.

NOTE 659— If a character set uses fixed length encodings, then the definition of the subtype CHAR for fixed-
length strings can be an array type whose element type is an Ada character type. If that Ada character type
is defined so as to use the number of bits per character used by the SQL encoding, then the restriction on P is
precisely P'LENGTH = L. For variable-length strings using fixed length encodings, if the definition of CHAR in
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the appropriate VARYING package is based on the type Ada.Strings.Unbounded.Unbounded_String, there
is no restrictiononP. Otherwise, a precise statement of the restrictiononP is implementation-defined (IA232).

n) If the i-th <host parameter declaration> specifies a<data type> that isNUMERIC(P,S) for some
<precision>P and<scale> S, then theAda library unit package generated for the encompassing
module shall contain a declaration equivalent to:

subtype Numeric_p_s is
  Interfaces.SQL.Numerics.Scale_s digits p;

The subtype mark in the i-th parameter declaration shall specify this subtype.

o) If the i-th <host parameter declaration> specifies a <data type> that is SMALLINT, then the
subtype mark in the i-th parameter declaration shall specify Interfaces.SQL.SMALLINT.

p) If the i-th <host parameter declaration> specifies a <data type> that is INTEGER, then the
subtype mark in the i-th parameter declaration shall specify Interfaces.SQL.INT.

q) If the i-th <host parameter declaration> specifies a<data type> that is BIGINT, then the subtype
mark in the i-th parameter declaration shall specify Interfaces.SQL.BIGINT.

r) If the i-th <host parameter declaration> specifies a <data type> that is REAL, then the subtype
mark in the i-th parameter declaration shall specify Interfaces.SQL.REAL.

s) If the i-th <host parameter declaration> specifies a <data type> that is DOUBLE_PRECISION,
then the subtype mark in the i-th parameter declaration shall specify Inter-
faces.SQL.DOUBLE_PRECISION.

t) If the i-th <host parameter declaration> specifies <locator indication>, then the subtypemark
in the i-th parameter declaration shall specify Interfaces.SQL.INT.

u) For every parameter,

Case:

i) If PMODE is equal to “IN”, then the Ada parameter mode is in.

ii) If PMODE is equal to “OUT”, then the Ada parameter mode is out.

iii) If PMODE is equal to “INOUT”, then the Ada parameter mode is in out.

iv) Otherwise, the Ada parameter mode is in, out, or in out.

v) The following Ada library unit renaming declaration exists:

with Interfaces.SQL;
package SQL_Standard renames Interfaces.SQL.

11) If the caller language of the <externally-invoked procedure> is C, then:

a) The declared type of an SQLSTATE host parameter shall be C charwith length 6.

b) For each i, 1 (one) ≤ i ≤ n,

Case:

i) If PDi contains <locator indication>, then ADTi shall be C unsigned long.

ii) Otherwise:

1) PDTi shall not identify a data type listed in the “SQLdata type” columnof Table 22,
“Data type correspondences for C”, for which the corresponding row in the “C
data type” column is “None”.
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2) ADTi shall be the data type listed in the “C data type” column of Table 22, “Data
type correspondences for C”, for which the corresponding row in the “SQL data
type” column is PDTi.

12) If the caller language of the <externally-invoked procedure> is COBOL, then:

a) The declared type of an SQLSTATE host parameter shall be COBOL PICTURE X(5).

b) For each i, 1 (one) ≤ i ≤ n,

Case:

i) If PDi contains <locator indication>, then ADTi shall be COBOL PIC S9(9) USAGE IS
BINARY.

ii) Otherwise:

1) PDTi shall not identify a data type listed in the “SQLdata type” columnof Table 23,
“Data type correspondences for COBOL”, for which the corresponding row in the
“COBOL data type” column is “None”.

2) ADTi shall be the data type listed in the “COBOL data type” column of Table 23,
“Data type correspondences for COBOL”, for which the corresponding row in the
“SQL data type” column is PDTi.

13) If the caller language of the <externally-invoked procedure> is FORTRAN, then:

a) The declared type of an SQLSTATE host parameter shall be Fortran CHARACTER with length
5.

b) For each i, 1 (one) ≤ i ≤ n,

Case:

i) If PDi contains <locator indication>, then ADTi shall be Fortran INTEGER.

ii) Otherwise:

1) PDTi shall not identify a data type listed in the “SQLdata type” columnof Table 24,
“Data type correspondences for Fortran”, forwhich the corresponding row in the
“Fortran data type” column is “None”.

2) ADTi shall be the data type listed in the “Fortran data type” column of Table 24,
“Data type correspondences for Fortran”, forwhich the corresponding row in the
“SQL data type” column is PDTi.

14) If the caller language of the <externally-invoked procedure> is M, then:

a) The declared type of an SQLSTATE host parameter shall be M character.

b) For each i, 1 (one) ≤ i ≤ n,

Case:

i) If PDi contains <locator indication>, then ADTi shall be M character.

ii) Otherwise:

1) PDTi shall not identify a data type listed in the “SQLdata type” columnof Table 25,
“Data type correspondences for M”, for which the corresponding row in the “M
data type” column is “None”.
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2) ADTi shall be the data type listed in the “M data type” column of Table 25, “Data
type correspondences for M”, for which the corresponding row in the “SQL data
type” column is PDTi.

15) If the caller language of the <externally-invoked procedure> is PASCAL, then:

a) The declared type of an SQLSTATE host parameter shall be Pascal PACKED ARRAY[1..5] OF
CHAR.

b) For each i, 1 (one) ≤ i ≤ n,

Case:

i) If PDi contains <locator indication>, then ADTi shall be Pascal INTEGER.

ii) Otherwise:

1) PDTi shall not identify a data type listed in the “SQLdata type” columnof Table 26,
“Data type correspondences for Pascal”, for which the corresponding row in the
“Pascal data type” column is “None”.

2) ADTi shall be the data type listed in the “Pascal data type” column of Table 26,
“Data type correspondences for Pascal”, for which the corresponding row in the
“SQL data type” column is PDTi.

16) If the caller language of the <externally-invoked procedure> is PLI, then:

a) The declared type of an SQLSTATE host parameter shall be PL/I CHARACTER(5).

b) For each i, 1 (one) ≤ i ≤ n,

Case:

i) If PDi contains <locator indication>, then ADTi shall be PL/I INTEGER.

ii) Otherwise:

1) PDTi shall not identify a data type listed in the “SQLdata type” columnof Table 27,
“Data type correspondences for PL/I”, for which the corresponding row in the
“PL/I data type” column is “None”.

2) ADTi shall be the data type listed in the “PL/I data type” columnof Table 27, “Data
type correspondences for PL/I”, for which the corresponding row in the “SQL
data type” column is PDTi.

Access Rules

None.

General Rules

1) An <externally-invoked procedure> defines an externally-invoked procedure that may be called by
an SQL-agent.

2) If the<SQL-clientmodule definition> that contains the<externally-invokedprocedure> is associated
with an SQL-agent that is associated with another <SQL-client module definition> that contains an
<externally-invoked procedure> with equivalent <procedure name>s, then the effect is implemen-
tation-defined (IA058).
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3) The language identified by the <language name> contained in the <language clause> of the <SQL-
client module definition> that contains an <externally-invoked procedure> is the caller language
of the <externally-invoked procedure>.

4) If the SQL-agent that performs a call of an <externally-invoked procedure> is not a program that
conforms to the specification for the programming language specified by the caller language of the
<externally-invoked procedure>, then the effect is implementation-dependent (UA059).

5) If the caller language of an <externally-invoked procedure> is ADA and the SQL-agent performs
calls of <externally-invoked procedure>s frommore than one Ada task, then the results are imple-
mentation-dependent (UV104).

6) If the <SQL-client module definition> that contains the <externally-invoked procedure> has an
explicit <module authorization identifier>MAI that is not equivalent to the SQL-session <authoriz-
ation identifier> SAI, then:

a) Whether or not SAI can invoke <externally-invoked procedure>s in an <SQL-client module
definition> with explicit <module authorization identifier>MAI is implementation-defined
(IA231), as are any restrictions pertaining to such invocation.

b) If SAI is restricted from invoking an<externally-invokedprocedure> in an<SQL-clientmodule
definition> with explicit <module authorization identifier>MAI, then an exception condition
is raised: invalid authorization specification (28000).

7) If the value of any input host parameter provided by the SQL-agent falls outside the set of allowed
values of the declared type of the host parameter, or if the value of any output host parameter res-
ulting from the execution of the <externally-invoked procedure> falls outside the set of values
supported by the SQL-agent for that host parameter, then the effect is implementation-defined
(IA082). If the implementation-defined (IA082) effect is the raising of an exception condition, then
an exception condition is raised: data exception— invalid parameter value (22023).

8) A copy of the top cell of the authorization stack is pushed onto the authorization stack. If the SQL-
client moduleM that includes the externally-invoked procedure has an owner, then the top cell of
the authorization stack is set to contain only the authorization identifier of the owner ofM.

9) If this is the first invocation of any externally-invoked procedure ofM in the current SQL-session,
then for each cursor declaration descriptor CDD of a declared cursor ofM, let CID be a new cursor
instance descriptor whose cursor declaration descriptor is CDD, whose SQL-session is the current
SQL-session, and whose state is closed.

10) Let S be the <SQL procedure statement> of the <externally-invoked procedure>.

11) The General Rules of Subclause 9.17, “Executing an <SQL procedure statement>”, are applied with
S as EXECUTING STATEMENT.

12) Upon completion of execution, the top cell in the authorization stack is removed.

Conformance Rules

1) Without Feature S231, “Structured type locators”, conforming SQL language shall not contain a
<host parameter data type> that simply contains a <data type> that specifies a structured type and
that contains a <locator indication>.

2) WithoutFeature S232, “Array locators”, conformingSQL language shall not contain a<host parameter
data type> that simply contains an <array type> and that contains a <locator indication>.

3) Without Feature S233, “Multiset locators”, conforming SQL language shall not contain a <host
parameterdata type> that simply contains a<multiset type>and that contains a<locator indication>.
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4) 04Without Feature B221, “Routine language Ada: VARCHAR and NUMERIC support”, if the caller
language of the <externally-invoked procedure> is Ada, then a <host parameter data type> shall
not be CHARACTER VARYING or NUMERIC.
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13.4 <SQL procedure statement>
This Subclause is modified by Subclause 12.2, “<SQL procedure statement>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 12.3, “<SQL procedure statement>”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 13.2, “<SQL procedure statement>”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 13.2, “<SQL procedure statement>”, in ISO/IEC 9075-16.

Function

Define all of the SQL-statements that are <SQL procedure statement>s.

Format
<SQL procedure statement> ::=
<SQL executable statement>

<SQL executable statement> ::=
<SQL schema statement>

| <SQL data statement>
| <SQL control statement>
| <SQL transaction statement>
| <SQL connection statement>
| <SQL session statement>
| <SQL diagnostics statement>
| <SQL dynamic statement>

<SQL schema statement> ::=
<SQL schema definition statement>

| <SQL schema manipulation statement>

04  09  16 <SQL schema definition statement> ::=
<schema definition>

| <table definition>
| <view definition>
| <SQL-invoked routine>
| <grant statement>
| <role definition>
| <domain definition>
| <character set definition>
| <collation definition>
| <transliteration definition>
| <assertion definition>
| <trigger definition>
| <user-defined type definition>
| <user-defined cast definition>
| <user-defined ordering definition>
| <transform definition>
| <sequence generator definition>

04  09  16 <SQL schema manipulation statement> ::=
<drop schema statement>

| <alter table statement>
| <drop table statement>
| <drop view statement>
| <alter routine statement>
| <drop routine statement>
| <drop user-defined cast statement>
| <revoke statement>
| <drop role statement>
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| <alter domain statement>
| <drop domain statement>
| <drop character set statement>
| <drop collation statement>
| <drop transliteration statement>
| <drop assertion statement>
| <drop trigger statement>
| <alter type statement>
| <drop data type statement>
| <drop user-defined ordering statement>
| <alter transform statement>
| <drop transform statement>
| <alter sequence generator statement>
| <drop sequence generator statement>

<SQL data statement> ::=
<open statement>

| <fetch statement>
| <close statement>
| <select statement: single row>
| <free locator statement>
| <hold locator statement>
| <SQL data change statement>

<SQL data change statement> ::=
<delete statement: positioned>

| <delete statement: searched>
| <insert statement>
| <update statement: positioned>
| <update statement: searched>
| <truncate table statement>
| <merge statement>

04 <SQL control statement> ::=
<call statement>

| <return statement>

<SQL transaction statement> ::=
<start transaction statement>

| <set transaction statement>
| <set constraints mode statement>
| <savepoint statement>
| <release savepoint statement>
| <commit statement>
| <rollback statement>

<SQL connection statement> ::=
<connect statement>

| <set connection statement>
| <disconnect statement>

09  14 <SQL session statement> ::=
<set session user identifier statement>

| <set role statement>
| <set local time zone statement>
| <set session characteristics statement>
| <set catalog statement>
| <set schema statement>
| <set names statement>
| <set path statement>
| <set transform group statement>
| <set session collation statement>
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04 <SQL diagnostics statement> ::=
<get diagnostics statement>

<SQL dynamic statement> ::=
<SQL descriptor statement>

| <prepare statement>
| <deallocate prepared statement>
| <describe statement>
| <execute statement>
| <execute immediate statement>
| <SQL dynamic data statement>
| <copy descriptor statement>
| <pipe row statement>

<SQL dynamic data statement> ::=
<allocate extended dynamic cursor statement>

| <allocate received cursor statement>
| <dynamic open statement>
| <dynamic fetch statement>
| <dynamic close statement>
| <dynamic delete statement: positioned>
| <dynamic update statement: positioned>

<SQL descriptor statement> ::=
<allocate descriptor statement>

| <deallocate descriptor statement>
| <set descriptor statement>
| <get descriptor statement>

Syntax Rules

1) Let S be the <SQL procedure statement>.

2) 04 If S is an <SQL schema definition statement> that is an <SQL-invoked routine>, then the SQL-
invoked routine specified by <SQL-invoked routine> shall be a schema-level routine.

NOTE 660— “schema-level routine” is defined in Subclause 11.60, “<SQL-invoked routine>”.

Access Rules

None.

General Rules

1) Let S be the <SQL procedure statement>.

2) The General Rules of Subclause 9.17, “Executing an <SQL procedure statement>”, are applied with
S as EXECUTING STATEMENT.

Conformance Rules

None.
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13.5 Data type correspondences
This Subclause is modified by Subclause 12.4, “Data type correspondences”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 13.3, “Data type correspondences”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 12.2, “Data type correspondences”, in ISO/IEC 9075-15.

Function

Specify the data type correspondences for SQL data types and host language types.

Tables

In the following tables, let P be <precision>, S be <scale>, L be <length> or the numeric value of <large
object length>,U be the <char length units>, CS be the <character set specification>, T be <time fractional
seconds precision>, Q be <interval qualifier>, and N be the implementation-defined (IV188) size of a
structured type reference.

Table 21—Data type correspondences for Ada

Ada Data TypeSQL Data Type

Interfaces.SQL.SQLSTATE_TYPESQLSTATE

Interfaces.SQL.CHAR(1..L*k)
1CHARACTER (L U)

CHARACTER SET CS

Interfaces.SQL.VARYING.CHAR (1..L*k) or
Interfaces.SQL.VARYING.NCHAR (1..L*k)

1 3
CHARACTER VARYING (L U)
CHARACTER SET CS

TYPE HVN IS
  RECORD

HVN_RESERVED : Interfaces.SQL.INT;
HVN_LENGTH : Interfaces.SQL.INT; 
HVN_DATA : Interfaces.SQL.CHAR(1..L*k);

  END RECORD;

1 2 4

CHARACTER LARGE OBJECT (L
U)
CHARACTER SET CS

Interfaces.SQL.CHAR(1..L)BINARY

TYPE HVN IS
  RECORD

HVN_RESERVED : Interfaces.SQL.INT;
HVN_LENGTH : Interfaces.SQL.INT; 
HVN_DATA : Interfaces.SQL.CHAR(1..L);

  END RECORD;

2 4

BINARY VARYING

TYPE HVN IS
  RECORD

HVN_RESERVED : Interfaces.SQL.INT;
HVN_LENGTH : Interfaces.SQL.INT; 
HVN_DATA : Interfaces.SQL.CHAR(1..L);

  END RECORD;

2 4

BINARY LARGE OBJECT(L)

1128 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
13.5 Data type correspondences

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


Ada Data TypeSQL Data Type

Interfaces.SQL.NUMERIC_P_S
3NUMERIC(P,S)

NoneDECIMAL(P,S)

Interfaces.SQL.SMALLINTSMALLINT

Interfaces.SQL.INTINTEGER

Interfaces.SQL.BIGINTBIGINT

NoneDECFLOAT(P)

NoneFLOAT(P)

Interfaces.SQL.REALREAL

Interfaces.SQL.DOUBLE_PRECISIONDOUBLE PRECISION

Interfaces.SQL.BOOLEANBOOLEAN

NoneDATE

NoneTIME(T)

NoneTIMESTAMP(T)

NoneINTERVAL(Q)

NoneJSON

Noneuser-defined type

Interfaces.SQL.CHAR(1..N)REF

NoneROW

NoneARRAY

NoneMULTISET

1 If U is OCTETS, then k is 1 (one); Otherwise, k is the maximum number of octets per character in the character set CS.

2HVN is the name of the host variable defined to correspond to the SQL data type.

3 Support for the SQL types CHARACTER VARYING and NUMERIC in Ada is conditional on support for at least one of
FeatureB211, “Module languageAda:VARCHARandNUMERIC support” or FeatureB221, “Routine languageAda:VARCHAR
and NUMERIC support”.

4 In an Ada value AV of this type, the length portion of AV is the field of AV called HVN_LENGTH, and the data portion of AV
is the field of AV called HVN_DATA.
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Table 22—Data type correspondences for C

C Data TypeSQL Data Type

char, with length 6SQLSTATE

unit, with length (L+1)*k 1CHARACTER (L U)
CHARACTER SET CS

unit, with length (L+1)*k 1CHARACTER VARYING (L U)
CHARACTER SET CS

struct {
    long hvn_reserved;
    unsigned long hvn_length;

unit hvn_data[L * k];
  } hvn;

1 2 3

CHARACTER LARGE OBJECT (L
U)
CHARACTER SET CS

char, with length LBINARY (L)

struct {
    long hvn_reserved
    unsigned long hvn_length
    char hvn_data[L];
  } hvn

2 3

BINARY VARYING (L)

struct {
    long hvn_reserved
    unsigned long hvn_length
    char hvn_data[L];
  } hvn

2 3

BINARY LARGE OBJECT (L)

NoneNUMERIC (P,S)

NoneDECIMAL (P,S)

pointer to shortSMALLINT

pointer to longINTEGER

pointer to long longBIGINT

NoneDECFLOAT(P)

NoneFLOAT (P)

pointer to floatREAL

pointer to doubleDOUBLE PRECISION

pointer to longBOOLEAN

NoneDATE
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C Data TypeSQL Data Type

NoneTIME (T)

NoneTIMESTAMP (T)

NoneINTERVAL (Q)

NoneJSON

Noneuser-defined type

char, with length NREF

NoneROW

NoneARRAY

NoneMULTISET

1 If U is OCTETS, then unit is char and k is 1 (one). Otherwise (that is, if U is CHARACTERS) then unit is an appropriate
implementation-defined (IV230) C data type (typically char, unsigned char, unsigned short, or unsigned int) and k
is an appropriate sizing factor given the choice of unit. The choice of unit and k is implementation-defined (IV230), based
on the character set CS. For example, for UTF32, unitmight be char and kmight be 4; or unitmight be unsigned int and
kmight be 1 (one).

2 hvn is the name of the host variable defined to correspond to the SQL data type.

3 In a C value CV of this type, the length portion of CV is the field of CV called hvn_length, and the data portion of CV is the
field of CV called hvn_data.

Table 23—Data type correspondences for COBOL

COBOL Data TypeSQL Data Type

PICTURE X(5)SQLSTATE

PICTURE X(L) 
3CHARACTER (L U)

CHARACTER SET CS

NoneCHARACTER VARYING (L U)
CHARACTER SET CS

01 hvn.
   49 hvn-RESERVED PIC S9(9) USAGE IS BINARY.
   49 hvn-LENGTH PIC S9(9) USAGE IS BINARY.
   49 hvn-DATA PIC X(L).

2 3 4

CHARACTER LARGE OBJECT (L
U)
CHARACTER SET CS

PICTURE X(L)BINARY (L)

NoneBINARY VARYING (L)
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COBOL Data TypeSQL Data Type

01 hvn.
   49 hvn-RESERVED PIC S9(9) USAGE IS BINARY.
   49 hvn-LENGTH PIC S9(9) USAGE IS BINARY.
   49 hvn-DATA PIC X(L).

2 4

BINARY LARGE OBJECT (L)

USAGE DISPLAY SIGN LEADING SEPARATE, with PICTURE as spe-
cified 1

NUMERIC (P,S)

NoneDECIMAL(P,S)

PICTURE S9(SPI) USAGE BINARY, where SPI is implementation-
defined (IV231)

SMALLINT

PICTURE S9(PI) USAGE BINARY, where PI is implementation-
defined (IV231)

INTEGER

PICTURE S9(BPI) USAGE BINARY, where BPI is implementation-
defined (IV231)

BIGINT

NoneDECFLOAT(P)

NoneFLOAT (P)

NoneREAL

NoneDOUBLE PRECISION

PICTURE XBOOLEAN

NoneDATE

NoneTIME (T)

NoneTIMESTAMP (T)

NoneINTERVAL (Q)

NoneJSON

Noneuser-defined type

alphanumeric with length NREF

NoneROW

NoneARRAY

NoneMULTISET

1 Case:

a) If S=P, then a PICTURE with an 'S' followed by a 'V' followed by P '9's.

b) If P > S > 0, then a PICTURE with an 'S' followed by P−S '9's followed by a 'V' followed by S '9's.
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COBOL Data TypeSQL Data Type

c) If S=0, then a PICTURE with an 'S' followed by P '9's optionally followed by a 'V'.

2 hvn is the name of the host variable defined to correspond to the SQL data type

3 If U is CHARACTERS, then for the implementation-defined (IV231) COBOL native character set, PICTURE X(L) is used;
for any other character set, PICTURE N(L) is used with a LOCALE phrase that specifies the appropriate locale name for
that character set.

4 In a COBOL value CV of this type, the length portion of CV is the field of CV called hvn-LENGTH, and the data portion of CV
is the field of CV called hvn-DATA.

Table 24—Data type correspondences for Fortran

Fortran Data TypeSQL Data Type

CHARACTER, with length 5SQLSTATE

CHARACTER
2, with length LCHARACTER (L U)

CHARACTER SET CS

NoneCHARACTER VARYING (L U)
CHARACTER SET CS

CHARACTER hvn(L+8)
    INTEGER*4 hvn_RESERVED
    INTEGER*4 hvn_LENGTH
    CHARACTER hvn_DATA
    EQUIVALENCE(hvn(1), hvn_RESERVED)
    EQUIVALENCE(hvn(5), hvn_LENGTH)
    EQUIVALENCE(hvn(9), hvn_DATA)

1 2 3

CHARACTER LARGE OBJECT (L
U)
CHARACTER SET CS

CHARACTER, with length LBINARY (L)

CHARACTER hvn(L+8)
    INTEGER*4 hvn_RESERVED
    INTEGER*4 hvn_LENGTH
    CHARACTER hvn_DATA
    EQUIVALENCE(hvn(1), hvn_RESERVED)
    EQUIVALENCE(hvn(5), hvn_LENGTH)
    EQUIVALENCE(hvn(9), hvn_DATA)

1 3

BINARY VARYING (L)

CHARACTER hvn(L+8)
    INTEGER*4 hvn_RESERVED
    INTEGER*4 hvn_LENGTH
    CHARACTER hvn_DATA
    EQUIVALENCE(hvn(1), hvn_RESERVED)
    EQUIVALENCE(hvn(5), hvn_LENGTH)
    EQUIVALENCE(hvn(9), hvn_DATA)

1 3

BINARY LARGE OBJECT (L)

NoneNUMERIC (P,S)

NoneDECIMAL (P,S)
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Fortran Data TypeSQL Data Type

NoneSMALLINT

INTEGERINTEGER

NoneBIGINT

NoneDECFLOAT(P)

NoneFLOAT (P)

REALREAL

DOUBLE PRECISIONDOUBLE PRECISION

LOGICALBOOLEAN

NoneDATE

NoneTIME (T)

NoneTIMESTAMP (T)

NoneINTERVAL (Q)

NoneJSON

Noneuser-defined type

CHARACTERwith length NREF

NoneROW

NoneARRAY

NoneMULTISET

1 hvn is the name of the host variable defined to correspond to the SQL data type.

2 If U is CHARACTERS, then for character set UTF16, as well as other implementation-defined (IV232) character sets in
which a code unit occupies more than one octet, “CHARACTER KIND=n” should be used; in this case, the value of n that
corresponds to a given character set is implementation-defined(IV232).Otherwise, “CHARACTER” (withoutKIND) should
be used.

3 In a Fortran value FV of this type, the length portion of FV is the field of FV called hvn_LENGTH, and the data portion of FV
is the field of FV called hvn_DATA.

Table 25—Data type correspondences for M

M Data TypeSQL Data Type

characterSQLSTATE

NoneCHARACTER (L U) CHARACTER
SET CS
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MData TypeSQL Data Type

characterCHARACTER VARYING (L U)
CHARACTER SET CS

NoneCHARACTER LARGE OBJECT (L
U) CHARACTER SET CS

NoneBINARY (L)

NoneBINARY VARYING (L)

NoneBINARY LARGE OBJECT (L)

NoneNUMERIC (P,S)

characterDECIMAL (P,S)

NoneSMALLINT

characterINTEGER

NoneBIGINT

NoneDECFLOAT(P)

NoneFLOAT (P)

characterREAL

NoneDOUBLE PRECISION

NoneBOOLEAN

NoneDATE

NoneTIME (T)

NoneTIMESTAMP (T)

NoneINTERVAL (Q)

NoneJSON

Noneuser-defined type

characterREF

NoneROW

NoneARRAY

NoneMULTISET

© ISO/IEC 2023 – All rights reserved 1135

ISO/IEC 9075-2:2023(E)
13.5 Data type correspondences

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


Table 26—Data type correspondences for Pascal

Pascal Data TypeSQL Data Type

PACKED ARRAY [1..5] OF CHARSQLSTATE

CHAR, if L*k = 1 (one); otherwise,
PACKED ARRAY [1..L*k] OF CHAR

1
CHARACTER (L U) CHARACTER
SET CS

NoneCHARACTER VARYING (L U)
CHARACTER SET CS

VAR HVN = RECORD
HVN_RESERVED : INTEGER;
HVN_LENGTH : INTEGER; 
HVN_DATA : PACKED ARRAY [1..L*k] OF CHAR; 

             END;

1 2 3

CHARACTER LARGE OBJECT (L
U) CHARACTER SET CS

PACKED ARRAY [1..L] OF CHARBINARY (L)

NoneBINARY VARYING (L)

VAR HVN = RECORD
HVN_RESERVED : INTEGER;
HVN_LENGTH : INTEGER; 
HVN_DATA : PACKED ARRAY [1..L] OF CHAR; 

             END;

2 3

BINARY LARGE OBJECT (L)

NoneNUMERIC (P,S)

NoneDECIMAL (P,S)

NoneSMALLINT

INTEGERINTEGER

NoneBIGINT

NoneDECFLOAT(P)

NoneFLOAT (P)

REALREAL

NoneDOUBLE PRECISION

BOOLEANBOOLEAN

NoneDATE

NoneTIME (T)

NoneTIMESTAMP (T)
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Pascal Data TypeSQL Data Type

NoneINTERVAL (Q)

NoneJSON

Noneuser-defined type

PACKED ARRAY[1..N] OF CHARREF

NoneROW

NoneARRAY

NoneMULTISET

1 If U is OCTETS, then k is 1 (one); otherwise, k is the maximum number of octets per character in the character set CS.

2HVN is the name of the host variable defined to correspond to the SQL data type.

3 In a Pascal value PV of this type, the length portion of PV is the field of PV called HVN_LENGTH, and the data portion of PV
is the field of PV called HVN_DATA.

Table 27—Data type correspondences for PL/I

PL/I Data TypeSQL Data Type

CHARACTER(5)SQLSTATE

CHARACTER(L*k) 
2CHARACTER (L U) CHARACTER

SET CS

CHARACTER (L*k) VARYING
2CHARACTER VARYING (L U)

CHARACTER SET CS

DCL 01 hvn
    49 hvn_reserved FIXED BINARY (31)
    49 hvn_length FIXED BINARY (31)
    49 hvn_data CHAR (L*k);

1 2 3

CHARACTER LARGE OBJECT (L
U) CHARACTER SET CS

CHARACTER (L)BINARY (L)

CHARACTER (L) VARYINGBINARY VARYING (L)

DCL 01 hvn
    49 hvn_reserved FIXED BINARY (31)
    49 hvn_length FIXED BINARY (31)
    49 hvn_data CHAR (L);

1 3

BINARY LARGE OBJECT (L)

NoneNUMERIC(P,S)

FIXED DECIMAL (P,S)DECIMAL (P,S)

FIXED BINARY(SPI),whereSPI is implementation-defined(IV189)SMALLINT
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PL/I Data TypeSQL Data Type

FIXED BINARY(PI), where PI is implementation-defined (IV189)INTEGER

FIXED BINARY(BPI), where BPI is implementation-defined
(IV189)

BIGINT

NoneDECFLOAT(P)

FLOAT BINARY (P)FLOAT (P)

NoneREAL

NoneDOUBLE PRECISION

BIT(1)BOOLEAN

NoneDATE

NoneTIME (T)

NoneTIMESTAMP (T)

NoneINTERVAL (Q)

NoneJSON

Noneuser-defined type

CHARACTER(N) VARYINGREF

NoneROW

NoneARRAY

NoneMULTISET

1 hvn is the name of the host variable defined to correspond to the SQL data type

2 If U is OCTETS, then k is 1 (one); otherwise, k is the maximum number of octets per character in the character set CS.

3 In a PL/I value PV of this type, the length portion of PV is the field of PV called hvn_length, and the data portion of PV is
the field of PV called hvn_data.

Conformance Rules

None.
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14 Data manipulation

This Clause is modified by Clause 13, “Data manipulation”, in ISO/IEC 9075-4.
This Clause is modified by Clause 8, “Data manipulation”, in ISO/IEC 9075-10.
This Clause is modified by Clause 14, “Data manipulation”, in ISO/IEC 9075-14.
This Clause is modified by Clause 13, “Data manipulation”, in ISO/IEC 9075-15.

14.1 <declare cursor>
This Subclause is modified by Subclause 13.1, “<declare cursor>”, in ISO/IEC 9075-4.

Function

Declare a standing cursor.

Format
<declare cursor> ::=
DECLARE <cursor name> <cursor properties>

FOR <cursor specification>

Syntax Rules

1) 04 If a <declare cursor> is contained in an <SQL-client module definition>M, then:

a) The<cursorname> shall not be equivalent to the<cursorname>of anyother<declare cursor>,
<dynamic declare cursor>, or <allocate received cursor statement> inM.

b) The scope of the <cursor name> isMwith the exception of any <SQL schema statement>
contained inM.

c) Any <host parameter name> contained in the <cursor specification> shall be defined in a
<host parameter declaration> in the <externally-invoked procedure> that contains an <open
statement> that specifies the <cursor name> and is contained in the scope of that <cursor
name>.

NOTE 661— See the Syntax Rules of Subclause 13.1, “<SQL-client module definition>”.

Access Rules

None.

General Rules

1) A cursor declaration descriptor CDD is created. CDD includes indications that:

a) The kind of cursor is a standing cursor.

b) 04The provenance of the cursor is an indication of the SQL-client module whose <SQL-client
module definition> contains the <declare cursor>.
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c) The name of the cursor is the <cursor name>.

d) The cursor’s origin is the <cursor specification> contained in the <declare cursor>.

e) The cursor’s declared properties are as determined by the <cursor properties>.

Conformance Rules

1) Without Feature F832, “Updatable scrollable cursors”, conforming SQL language shall not contain
a <declare cursor> that contains both a<cursor specification> that contains an<updatability clause>
that specifies FOR UPDATE and <cursor properties> that contain a <cursor scrollability>.
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14.2 <cursor properties>

Function

Specify the declared properties of a cursor.

Format
<cursor properties> ::=
[ <cursor sensitivity> ] [ <cursor scrollability> ] CURSOR
    [ <cursor holdability> ]
    [ <cursor returnability> ]

<cursor sensitivity> ::=
SENSITIVE

| INSENSITIVE
| ASENSITIVE

<cursor scrollability> ::=
SCROLL

| NO SCROLL

<cursor holdability> ::=
WITH HOLD

| WITHOUT HOLD

<cursor returnability> ::=
WITH RETURN

| WITHOUT RETURN

Syntax Rules

1) If <cursor sensitivity> is not specified, then ASENSITIVE is implicit.

2) If <cursor scrollability> is not specified, then NO SCROLL is implicit.

3) If <cursor holdability> is not specified, then WITHOUT HOLD is implicit.

4) If <cursor returnability> is not specified, then WITHOUT RETURN is implicit.

Access Rules

None.

General Rules

1) The declared properties of the cursor declaration descriptor associated with <cursor properties>
are given by:

a) The declared sensitivity property is the explicit or implicit <cursor sensitivity>.

b) The declared scrollability property is the explicit or implicit <cursor scrollability>.

c) The declared holdability property is the explicit or implicit <cursor holdability>.

d) The declared returnability property is the explicit or implicit <cursor returnability>.
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Conformance Rules

1) Without Feature T231, “Sensitive cursors”, conforming SQL language shall not contain a <cursor
sensitivity> that immediately contains SENSITIVE.

2) Without Feature F791, “Insensitive cursors”, conforming SQL language shall not contain a <cursor
sensitivity> that immediately contains INSENSITIVE.

3) Without Feature F791, “Insensitive cursors”, or Feature T231, “Sensitive cursors”, conforming SQL
language shall not contain a <cursor sensitivity> that immediately contains ASENSITIVE.

4) Without Feature F438, “Scrollable cursors”, conforming SQL language shall not contain a <cursor
scrollability>.

5) Without Feature T471, “Result sets return value”, conforming SQL language shall not contain a
<cursor returnability>.

6) Without Feature T551, “Optional key words for default syntax”, conforming SQL language shall not
contain a <cursor holdability> that immediately contains WITHOUT HOLD.
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14.3 <cursor specification>

Function

Define a result set.

Format
<cursor specification> ::=
<query expression> [ <updatability clause> ]

<updatability clause> ::=
FOR { READ ONLY | UPDATE [ OF <column name list> ] }

Syntax Rules

1) Let CS be the <cursor specification>.

2) Let QE be the <query expression> immediately contained in CS.

3) Case:

a) If CS is contained in a <declare cursor> DC that contains a <cursor properties>, then let CP be
that <cursor properties>.

b) If CS is the <cursor specification> of a PTF dynamic cursor, then the <cursor properties> of
CS are given by

ASENSITIVE NO SCROLL CURSOR WITHOUT HOLD WITHOUT RETURN

c) If CS is a <preparable statement> being prepared by a <prepare statement> or re-prepared
by an <allocate extended dynamic cursor statement> or a <dynamic open statement>, then:

i) Let STMT be the <prepare statement> that is preparing CS, or the <allocate extended
dynamic cursor statement> or <dynamic open statement> that is re-preparing CS. Let
SCMD be the <SQL-client module definition> that contains STMT.

ii) Case:

1) If CS is being prepared by a <prepare statement>, then let PS be that <prepare
statement>.

2) Otherwise, let PS be the <prepare statement> that previously prepared CS.

iii) Let SSV be the <SQL statement variable> contained in PS.

iv) Case:

1) If CS is being prepared by a <prepare statement>, then

Case:

A) If SSV is a <statement name> and there is exactly one <dynamic declare
cursor> DDC contained in SCMDwhose <statement name> is equivalent to
SSV, then let CP1 be the <cursor properties> contained in DDC.

B) If SSV is an <extended statement name> that specifies or implies a <scope
option> that is LOCAL, and there is exactly one <allocate extended dynamic
cursor statement> ACS contained in SCMDwhose <extended statement
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name> specifies or implies LOCAL, then let CP1 be the <cursor properties>
contained in ACS.

C) Otherwise, let CP1 be the zero-length character string.

2) If CS is being re-prepared by an <allocate extended dynamic cursor statement>
ACS, then let CP1 be the <cursor properties> contained in ACS.

3) If CS is being re-prepared by a <dynamic open statement>, then let DDC be the
<dynamic declare cursor> whose <cursor name> is equivalent to the <cursor
name> contained in STMT. Let CP1 be the <cursor properties> contained in DDC.

v) If PS contains an <attributes variable>, then let CP2 be the value of that <attributes
variable>; otherwise, let CP2 be the zero-length character string.

vi) Case:

1) If CP2 contains <cursor sensitivity>, then let SENS be that <cursor sensitivity>.

2) If CP1 contains <cursor sensitivity>, then let SENS be that <cursor sensitivity>.

3) Otherwise, let SENS be the zero-length character string.

vii) Case:

1) If CP2 contains <cursor scrollability>, then let SCRO be that <cursor scrollability>.

2) If CP1 contains <cursor scrollability>, then let SCRO be that <cursor scrollability>.

3) Otherwise, let SCRO be the zero-length character string.

viii) Case:

1) If CP2 contains <cursor holdability>, then let HOLD be that <cursor holdability>.

2) If CP1 contains <cursor holdability>, then let HOLD be that <cursor holdability>.

3) Otherwise, let HOLD be the zero-length character string.

ix) Case:

1) IfCP2 contains <cursor returnability>, then letRETbe that <cursor returnability>.

2) IfCP1 contains <cursor returnability>, then letRETbe that <cursor returnability>.

3) Otherwise, let RET be the zero-length character string.

x) Let CP be the <cursor properties>:

SENS SCRO CURSOR HOLD RET

4) If <updatability clause> is not specified and either CS is contained in a <declare cursor> or is being
re-prepared by an <allocate extended dynamic cursor statement> or a <dynamic open statement>,
then

Case:

a) If CP contains INSENSITIVE or SCROLL, or QE immediately contains an <order by clause>, or
QE is not a simply updatable <query specification>, then an <updatability clause> of READ
ONLY is implicit.

b) Otherwise, an <updatability clause> of FORUPDATEwithout a <columnname list> is implicit.
NOTE662—IfCS is being preparedby a <prepare statement>, thendefaulting the <updatability clause> is postponed
until CS is re-prepared.
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5) If an <updatability clause> of FOR UPDATEwith or without a <column name list> is specified, then
CP shall not contain INSENSITIVE, QE shall be effectively updatable, and QE shall have only one
target leaf underlying table LUT.

6) Case:

a) If an<updatability clause> specifyingFORUPDATE is specifiedor implicit, thenCS isupdatable.

b) If an <updatability clause> specifying FOR READ ONLY is specified or implicit, then CS is not
updatable.

c) Otherwise, the determination of updatability of CS is postponed until CS is re-prepared.

7) If CS is updatable, then let LUTN be a <table name> that references LUT. LUTN is an exposed <table
or query name> whose scope is <updatability clause>.

8) If an <updatability clause> of FOR UPDATE without a <column name list> is specified or implicit,
then a <column name list> that consists of the <column name> of every column of LUT is implicit.

9) If an<updatability clause>of FORUPDATEwith a<columnname list> is specified, theneach<column
name> in the <column name list> shall be the <column name> of a column of LUT.

Access Rules

None.

General Rules

None.

Conformance Rules

1) Without Feature F833, “Updatable ordered cursors”, conforming SQL language shall not contain a
<cursor specification> that contains both an <updatability clause> that specifies FOR UPDATE and
an <order by clause>.
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14.4 <open statement>
This Subclause is modified by Subclause 13.2, “<open statement>”, in ISO/IEC 9075-4.

Function

Open a standing cursor.

Format
<open statement> ::=
OPEN <cursor name>

Syntax Rules

1) 04Let CN be the <cursor name> in the <open statement>. CN shall be contained within the scope of
a <cursor name> that is equivalent to CN.

2) CN shall identify a standing cursor.

3) Let CDD be the cursor declaration descriptor of the standing cursor identified by CN.

Access Rules

1) The Access Rules for the <query expression> simply contained in the <declare cursor> identified
by the <cursor name> are applied.

General Rules

1) Let CR be the cursor instance descriptor in the current SQL-session whose cursor declaration
descriptor is CDD.

2) The General Rules of Subclause 15.1, “Effect of opening a cursor”, are applied with CR as CURSOR.

Conformance Rules

None.
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14.5 <fetch statement>
This Subclause is modified by Subclause 13.3, “<fetch statement>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 8.1, “<fetch statement>”, in ISO/IEC 9075-10.
This Subclause is modified by Subclause 14.1, “<fetch statement>”, in ISO/IEC 9075-14.

Function

Position a standing cursor on a specified row of the standing cursor’s result set and retrieve values from
that row.

Format
10 <fetch statement> ::=
FETCH [ [ <fetch orientation> ] FROM ] <cursor name> INTO <fetch target list>

<fetch orientation> ::=
NEXT

| PRIOR
| FIRST
| LAST
| { ABSOLUTE | RELATIVE } <simple value specification>

<fetch target list> ::=
<target specification> [ { <comma> <target specification> }... ]

Syntax Rules

1) <fetch target list> shall not contain a <target specification> that specifies a <column reference>.

2) If the <fetch orientation> is omitted, then NEXT is implicit.

3) 04 10 Let CN be the <cursor name> in the <fetch statement>. CN shall be contained within the scope
of a <cursor name> that is equivalent to CN.

4) CN shall identify a standing cursor.

5) Let CDD be the cursor declaration descriptor of the standing cursor identified by CN.

6) Let T be the result set defined by the <cursor specification> of CDD.

7) If the implicit or explicit <fetch orientation> is not NEXT, then the declared scrollability property
of CDD shall be SCROLL.

8) If a <fetch orientation> that contains a <simple value specification> is specified, then the declared
type of that <simple value specification> shall be exact numeric with a scale of 0 (zero).

9) Case:

a) If the <fetch target list> contains a single <target specification> TS and the degree of T is
greater than 1 (one), then the declared type of TS shall be a row type.

Case:

i) 04 If TS is an <SQL parameter reference>, then the Syntax Rules of Subclause 9.2, “Store
assignment”, are applied with TS as TARGET and an arbitrary value of the row type of
T as VALUE.
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ii) Otherwise, the Syntax Rules of Subclause 9.1, “Retrieval assignment”, are applied with
TS as TARGET and an arbitrary value of the row type of T as VALUE.

b) Otherwise:

i) The number of <target specification>s NTS in the <fetch target list> shall be the same
as the degree of T. The i-th <target specification>, 1 (one) ≤ i ≤NTS, in the <fetch target
list> corresponds with the i-th column of T.

ii) For i varying from 1 (one) to NTS, let CSi be an arbitrary value of the declared type of
the i-th column of T.

iii) 04For each<target specification>TS1i, 1 (one)≤ i≤NTS, that is either an<SQLparameter
reference> or a <target array element specification>,

Case:

1) If TS1i contains a <simple value specification>, then the Syntax Rules of
Subclause 9.2, “Store assignment”, are applied with a temporary site whose
declared type is the declared type of TS1i as TARGET and CSi as VALUE.

2) Otherwise, the Syntax Rules of Subclause 9.2, “Store assignment”, are applied
with TS1i as TARGET and CSi as VALUE.

iv) 10 For each <target specification> TS2i, 1 (one) ≤ i ≤ NTS, that is a <host parameter
specification>, the Syntax Rules of Subclause 9.1, “Retrieval assignment”, are applied
with TS2i as TARGET and CSi as VALUE.

v) For each <target specification> TS2i, 1 (one) ≤ i ≤ NTS, that is an <embedded variable
specification>, the Syntax Rules of Subclause 9.1, “Retrieval assignment”, are applied
with TS2i as TARGET and CSi as VALUE.

Access Rules

None.

General Rules

1) Let CR be the cursor instance descriptor of the current SQL-session whose cursor declaration
descriptor is CDD.

2) If CR is not in the open state, then an exception condition is raised: invalid cursor state (24000).

3) The General Rules of Subclause 15.3, “Determination of the current row of a cursor”, are applied
with CR as CURSOR and <fetch orientation> as FETCH ORIENTATION.

4) If a completion condition no data (02000) has been raised, then no further General Rules of this
Subclause are applied.

5) Case:

a) If the <fetch target list> contains a single <target specification> TS and the degree of T is
greater than 1 (one), then the current row is assigned to TS and

Case:

i) 04 If TS is an <SQL parameter reference>, then:
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Let PTEMP be the null value.1)

2) 14 the General Rules of Subclause 9.2, “Store assignment”, are applied with TS as
TARGET and the current row as VALUE.

ii) Otherwise, theGeneral Rules of Subclause 9.1, “Retrieval assignment”, are appliedwith
TS as TARGET and the current row as VALUE.

b) Otherwise, if the <fetch target list> containsmore than one <target specification>, then values
from the current row are assigned to their corresponding targets identified by the <fetch
target list>. The assignments aremade in an implementation-dependent (US046) order unless
otherwise specified. LetTVbe a target and let SVdenote its corresponding value in the current
row of CR.

Case:

i) 04 IfTV is either an<SQLparameter reference>or a <target array element specification>,
then for each <target specification> in the <fetch target list>, let TVi be the i-th <target
specification> in the <fetch target list> and let SVi denote the i-th corresponding value
in the current row of CR.

Case:

1) If <target array element specification> is specified, then

Case:

A) If the value of TVi is the null value, then an exception condition is raised:
data exception— null value in array target (2200E).

B) Otherwise:

I) Let N be the maximum cardinality of TVi.

II) LetM be the cardinality of the value of TVi.

III) Let I be the value of the <simple value specification> immediately
contained in TVi.

IV) Let EDT be the element type of TVi.

V) Case:

1) If I is greater than zero and less than or equal toM, then the
value of TVi is replaced by an array Awith element type EDT
and cardinalityM derived as follows:

a) For j varying from 1 (one) to I−1 and from I+1 toM, the
j-th element in A is the value of the j-th element in TVi.

b) 14TheGeneral Rules of Subclause9.2, “Store assignment”,
are applied with I-th element of A as TARGET and SVi as
VALUE.

2) If I is greater thanM and less than or equal toN, then the value
of TVi is replaced by an array Awith element type EDT and
cardinality I derived as follows:

a) For j varying from 1 (one) toM, the j-th element in A is
the value of the j-th element in TVi.
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b) For j varying fromM+1 to I, the j-th element in A is the
null value.

c) 14TheGeneral Rules of Subclause9.2, “Store assignment”,
are applied with I-th element of A as TARGET and SVi as
VALUE.

3) Otherwise, an exception condition is raised: data exception—
array element error (2202E).

2) Otherwise:

A) Let PTEMP be the null value.

B) 14The General Rules of Subclause 9.2, “Store assignment”, are applied with
TVi as TARGET and SVi as VALUE.

ii) 10 If TV is a <host parameter name>, then the General Rules of Subclause 9.1, “Retrieval
assignment”, are applied with TV as TARGET and SV as VALUE.

iii) If TV is an <embedded variable specification>, then the General Rules of Subclause 9.1,
“Retrieval assignment”, are applied with TV as TARGET and SV as VALUE.

NOTE 663— SQL parameters cannot have as their data types any row type.

6) If an exception condition occurs during the assignment of a value to a target, then the values of all
targets are implementation-dependent (UV106).

NOTE 664— It is implementation-dependentwhether CR remains positioned on the current rowwhen an exception
condition is raised during the derivation of any <derived column>.

Conformance Rules

1) Without Feature F432, “FETCHwith explicitNEXT”, in conforming SQL language, a <fetch statement>
shall not contain a <fetch orientation> that immediately contains NEXT.

2) Without Feature F433, “FETCH FIRST”, conforming SQL language shall not contain a <fetch orient-
ation> that immediately contains FIRST.

3) Without Feature F434, “FETCH LAST”, conforming SQL language shall not contain a <fetch orienta-
tion> that immediately contains LAST.

4) Without Feature F435, “FETCH PRIOR”, conforming SQL language shall not contain a <fetch orient-
ation> that immediately contains PRIOR.

5) Without Feature F436, “FETCH ABSOLUTE”, conforming SQL language shall not contain a <fetch
orientation> that immediately contains ABSOLUTE.

6) Without Feature F437, “FETCH RELATIVE”, conforming SQL language shall not contain a <fetch
orientation> that immediately contains RELATIVE.

1150 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
14.5 <fetch statement>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


14.6 <close statement>
This Subclause is modified by Subclause 13.4, “<close statement>”, in ISO/IEC 9075-4.

Function

Close a standing cursor.

Format
<close statement> ::=
CLOSE <cursor name>

Syntax Rules

1) 04Let CN be the <cursor name> in the <close statement>. CN shall be contained within the scope of
a <cursor name> that is equivalent to CN.

2) CN shall identify a standing cursor.

3) Let CDD be the cursor declaration descriptor of the standing cursor identified by CN.

Access Rules

None.

General Rules

1) Let CR be the cursor instance descriptor of the current SQL-session whose cursor declaration
descriptor is CDD.

2) The General Rules of Subclause 15.4, “Effect of closing a cursor”, are applied with CR as CURSOR
and DESTROY as DISPOSITION.

Conformance Rules

None.
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14.7 <select statement: single row>
This Subclause is modified by Subclause 13.5, “<select statement: single row>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 8.2, “<select statement: single row>”, in ISO/IEC 9075-10.
This Subclause is modified by Subclause 14.2, “<select statement: single row>”, in ISO/IEC 9075-14.

Function

Retrieve values from a specified row of a table.

Format
<select statement: single row> ::=
SELECT [ <set quantifier> ] <select list>

INTO <select target list>
<table expression>

<select target list> ::=
<target specification> [ { <comma> <target specification> }... ]

Syntax Rules

1) <select target list> shall not contain a <target specification> that specifies a <column reference>.

2) Let T be the table defined by the <table expression>.

3) Case:

a) If the <select target list> contains a single <target specification> TS and the degree of T is
greater than 1 (one), then the declared type of TS shall be a row type.

Case:

i) If TS is an <SQL parameter reference>, then the Syntax Rules of Subclause 9.2, “Store
assignment”, are applied with TS as TARGET and an arbitrary value of the row type of
T as VALUE.

ii) Otherwise, the Syntax Rules of Subclause 9.1, “Retrieval assignment”, are applied with
TS as TARGET and an arbitrary value of the row type of T as VALUE.

b) Otherwise:

i) The number of elements NOE in the <select list> shall be the same as the number of
elements in the <select target list>. The i-th <target specification>, 1 (one) ≤ i ≤ NOE,
in the <select target list> corresponds with the i-th element of the <select list>.

ii) 04 For i varying from 1 (one) to NOE, let TS1i be the i-th <target specification> in the
<select target list> that is either an <SQL parameter reference> or a <target array ele-
ment specification>, and let SLi be the i-th element of the <select list> that corresponds
to the <target specification> in the <select target list>.

Case:

1) If <target array element specification> is specified, then the Syntax Rules of
Subclause 9.2, “Store assignment”, are applied with a temporary site whose
declared type is the declared type of TS1i as TARGET and SLi as VALUE.
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2) Otherwise, the Syntax Rules of Subclause 9.2, “Store assignment”, are applied
withTS1i asTARGET and the corresponding element of the <select list> asVALUE.

iii) For each <target specification> TS2i, 1 (one) ≤ i ≤ NOE, that is a <host parameter spe-
cification>, the Syntax Rules of Subclause 9.1, “Retrieval assignment”, are applied with
TS2i as TARGET and corresponding element of the <select list> as VALUE.

iv) 10 For each<target specification>TS2i, 1 (one)≤ i≤NOE, that is an <embeddedvariable
specification>, the Syntax Rules of Subclause 9.1, “Retrieval assignment”, are applied
with TS2i as TARGET and the corresponding element of the <select list> as VALUE.

4) Let S be a <query specification> whose <select list> and <table expression> are those specified in
the <select statement: single row> and that specifies the <set quantifier> if it is specified in the
<select statement: single row>. S shall be a valid <query specification>.

5) Let STL be the <select target list>. Let N be the number of columns in the result of S. Let CORR and
IDi, for 1 (one) ≤ i ≤ N be implementation-defined identifiers that are all distinct from one another
and distinct from every identifier in STL and in S. <select statement: single row> is equivalent to:

SELECT ID1, ID2, ..., IDn INTO STL
FROM ( S ) AS CORR ( ID1, ID2, ..., IDn )

NOTE 665— This transformation separates the <select statement: single row> into one part containing the INTO
clause, and another part containing the constructed <query specification> S, which is subject to additional syntactic
transformations.

Access Rules

None.

General Rules

1) Let Q be the result of <query specification> S.

2) Case:

a) If the cardinality ofQ is greater than 1 (one), then an exception condition is raised: cardinality
violation (21000). It is implementation-dependent (UA062) whether or not SQL-data values
are assigned to the targets identified by the <select target list>.

b) If Q is empty, then no SQL-data values are assigned to any targets identified by the <select
target list>, and a completion condition is raised: no data (02000).

c) Otherwise, values in the row of Q are assigned to their corresponding targets.

3) If a completion condition no data (02000) has been raised, then no further General Rules of this
Subclause are applied.

4) Case:

a) If the <select target list> contains a single <target specification> TS and the degree of table T
is greater than 1 (one), then the current row is assigned to TS and

Case:

i) If TS is an <SQL parameter reference>, then:

1) Let PTEMP be the null value.
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2) 14The General Rules of Subclause 9.2, “Store assignment”, are applied with TS as
TARGET and the current row as VALUE.

ii) Otherwise, theGeneral Rules of Subclause 9.1, “Retrieval assignment”, are appliedwith
TS as TARGET and the current row as VALUE.

b) Otherwise:

i) Let NOE be the number of elements in the <select list>.

ii) 04 For i varying from 1 (one) to NOE, let TSi be the i-th <target specification> in the
<select target list> that is either an <SQL parameter reference> or a <target array ele-
ment specification>, and let SLi denote the corresponding (i-th) value in the row of Q.
The assignment of values to targets in the <select target list> is in an implementation-
dependent (US046) order.

Case:

1) If TSi is a <target array element specification>, then

Case:

A) If the value of TSi is the null value, then an exception condition is raised:
data exception— null value in array target (2200E).

B) Otherwise:

I) Let N be the maximum cardinality of TSi.

II) LetM be the cardinality of the value of TSi.

III) Let I be the value of the <simple value specification> immediately
contained in TSi.

IV) Let EDT be the element type of TSi.

V) Case:

1) If I is greater than zero and less than or equal toM, then the
value of TSi is replaced by an array Awith element type EDT
and cardinalityM derived as follows:

a) For j varying from 1 (one) to I−1 and from I+1 toM, the
j-th element in A is the value of the j-th element in TSi.

b) 14TheGeneral Rules of Subclause9.2, “Store assignment”,
are applied with I-th element of A as TARGET and SLi as
VALUE.

2) If I is greater thanM and less than or equal toN, then the value
of TSi is replaced by an array Awith element type EDT and
cardinality I derived as follows:

a) For j varying from 1 (one) toM, the j-th element in A is
the value of the j-th element in TSi.

b) For j varying fromM+1 to I−1, the j-th element in A is the
null value.
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c) 14TheGeneral Rules of Subclause9.2, “Store assignment”,
are applied with I-th element of A as TARGET and SLi as
VALUE.

3) Otherwise, an exception condition is raised: data exception—
array element error (2202E).

2) Otherwise:

A) Let PTEMP be the null value.

B) 14The General Rules of Subclause 9.2, “Store assignment”, are applied with
TSi as TARGET and corresponding value SLi in the row of Q as VALUE.

iii) For each <target specification>TS that is a <host parameter specification>, the General
Rules of Subclause 9.1, “Retrieval assignment”, are applied with TS as TARGET and the
corresponding value in the row of Q as VALUE. The assignment of values to targets in
the <select target list> is in an implementation-dependent (US046) order.

iv) 10 For each <target specification> TS that is an <embedded variable specification>, the
General Rules of Subclause 9.1, “Retrieval assignment”, are applied with TS as TARGET
and the corresponding value in the row of Q as VALUE. The assignment of values to
targets in the <select target list> is in an implementation-dependent (US046) order.

5) If an exception condition is raised during the assignment of a value to a target, then the values of
all targets are implementation-dependent (UV106).

Conformance Rules

None.
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14.8 <delete statement: positioned>
This Subclause is modified by Subclause 13.6, “<delete statement: positioned>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 8.3, “<delete statement: positioned>”, in ISO/IEC 9075-10.

Function

Delete a row of a table.

Format
10 <delete statement: positioned> ::=
DELETE FROM <target table> [ [ AS ] <correlation name> ]

WHERE CURRENT OF <cursor name>

<target table> ::=
<table name>

| ONLY <left paren> <table name> <right paren>

Syntax Rules

1) 04 Let DSP be the <delete statement: positioned> and let CN be the <cursor name> immediately
contained in DSP. CN shall be contained within the scope of a <cursor name> that is equivalent to
CN.

2) CN shall identify a standing cursor.

3) Let CDD be the cursor declaration descriptor of the standing cursor identified by CN.

4) The cursor specification of CDD shall be updatable.

5) Let TU be the simply underlying table specification of the cursor identified by CN. Let LUT be the
target leaf underlying table of TU.

6) Let TT be the <target table> and let TN be the <table name> contained in TT. TN shall identify LUT.

7) LUT shall not be an old transition table or a new transition table.

8) If TT immediately contains ONLY and LUT is not a typed table, then TT is equivalent to TN.

9) TT shall specify ONLY if and only if the <table reference> contained in TU that references LUT spe-
cifies ONLY.

10) The schema identified by the explicit or implicit <schema name> of TN shall include the descriptor
of LUT.

11) 10Case:

a) If <correlation name> is specified, then let COR be that <correlation name>. COR is an exposed
<correlation name>. The associated column list and the associated period list of COR are
empty.

b) Otherwise, let COR be TN. COR is an exposed <table or query name>. The associated column
list and the associated period list of COR are empty.

NOTE 666— COR has no scope.
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Access Rules

1) Case:

a) If DSP is contained, without an intervening <SQL routine spec> that specifies SQL SECURITY
INVOKER, in an <SQL schema statement>, then let A be the authorization identifier that owns
that schema. The applicable privileges for A shall include DELETE for the table identified by
TN.

b) Otherwise, the current privileges shall include DELETE for the table identified by TN.

General Rules

1) Let CR be the cursor instance descriptor of the current SQL-session whose cursor declaration
descriptor is CDD.

2) The General Rules of Subclause 15.6, “Effect of a positioned delete”, are appliedwith CR as CURSOR,
DSP as STATEMENT, and TT as TARGET.

Conformance Rules

1) Without Feature S111, “ONLY in query expressions”, conforming SQL language shall not contain a
<target table> that contains ONLY.
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14.9 <delete statement: searched>
This Subclause is modified by Subclause 14.3, “<delete statement: searched>”, in ISO/IEC 9075-14.

Function

Delete rows of a table.

Format
14 <delete statement: searched> ::=
DELETE FROM <target table>
    [ FOR PORTION OF <application time period name>

FROM <point in time 1> TO <point in time 2> ]
    [ [ AS ] <correlation name> ]
    [ WHERE <search condition> ]

Syntax Rules

1) Let DSS be the <delete statement: searched> and let TT be the <target table>.

2) Let TN be the <table name> contained in TT. Let T be the table identified by TN.

3) T shall be an effectively updatable table or a trigger deletable table.

4) T shall not be an old transition table or a new transition table.

5) If WHERE <search condition> is not specified, then WHERE TRUE is implicit.

6) Let DSC be the implicit or explicit <search condition>. DSC shall not generally contain a <routine
invocation> whose subject routine is an SQL-invoked routine that possibly modifies SQL-data.

Case:

a) If T is a system-versioned table, then let ENDCOL be the system-time period end column of T.
Let ENDVAL be the highest value supported by the declared type of ENDCOL. Let TSC be

( DSC ) AND ( ENDCOL = ENDVAL )

b) Otherwise, let TSC be DSC.

7) Case:

a) If FORPORTIONOF<application timeperiodname>ATPN is specified, then the tabledescriptor
of T shall include a period descriptor whose period name is equivalent to ATPN.

i) Let BSTARTCOL be the name of the ATPN period start column of T; let BENDCOL be the
name of the ATPN period end column of T.

ii) Let FROMVAL be <point in time 1>. FROMVAL shall not generally contain a reference
to a column of T or a <routine invocation> whose subject routine is an SQL-invoked
routine that is possibly non-deterministic or that possibly modifies SQL-data.

iii) Let TOVAL be <point in time 2>. TOVAL shall not generally contain a reference to a
columnofT or a <routine invocation>whose subject routine is an SQL-invoked routine
that is possibly non-deterministic or that possibly modifies SQL-data.

iv) Let SC be
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TSC AND
(FROMVAL < TOVAL) AND
(BENDCOL > FROMVAL) AND
(BSTARTCOL < TOVAL)

b) Otherwise, let SC be TSC.

8) IfDSS is contained in a <triggered SQL statement>, then SC shall not contain a <value specification>
that specifies a parameter reference.

9) Case:

a) If <correlation name> is specified, then let CN be that <correlation name>. CN is an exposed
<correlation name>.

b) Otherwise, let CN be TN. CN is an exposed <table or query name>.

10) 14The scopeofCN is SC. The associated column list ofCN comprises every columnofT. The associated
period list of CN comprises every period of T.

Access Rules

1) Case:

a) If DSS is contained, without an intervening <SQL routine spec> that specifies SQL SECURITY
INVOKER, in an <SQL schema statement>, then let A be the <authorization identifier> that
owns that schema.

i) The applicable privileges for A shall include DELETE for T.

ii) If TT immediately contains ONLY, then the applicable privileges for A shall include
SELECTWITH HIERARCHY OPTION on at least one supertable of T.

b) Otherwise,

i) The current privileges shall include DELETE for T.

ii) If TT immediately contains ONLY, then the current privileges shall include SELECT
WITH HIERARCHY OPTION on at least one supertable of T.

General Rules

1) If the transaction accessmode of the current SQL-transaction or the transaction accessmode of the
branch of the current SQL-transaction at the current SQL-connection is read-only, and T is not a
temporary table, then an exception condition is raised: invalid transaction state — read-only SQL-
transaction (25006).

2) If there is any sensitive cursor CR that is currently open in the SQL-transaction in which this SQL-
statement is being executed, then

Case:

a) If CR has not been held into a subsequent SQL-transaction, then either the change resulting
from the successful execution of this statement shall be made visible to CR or an exception
condition is raised: cursor sensitivity exception— request failed (36002).

b) Otherwise, whether the change resulting from the successful execution of this SQL-statement
is made visible to CR is implementation-defined (IA233).
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3) If there is any open, insensitive cursor CR, then either the change resulting from the successful
execution of this statement shall be invisible to CR, or an exception condition is raised: cursor
sensitivity exception— request failed (36002).

4) The extent to which an SQL-implementationmay disallow independent changes that are not signi-
ficant is implementation-defined (IA234).

5) SC is effectively evaluated for each row of Twith the exposed <correlation name>s or <table or
query name>s bound to that row.

6) Case:

a) If TT contains ONLY, then the rows for which the result of SC is True and for which there is
no subrow in a proper subtable of T are identified for deletion from T.

b) Otherwise, the rows for which the result of SC is True are identified for deletion from T.
NOTE 667— Identifying a row for deletion is an implementation-dependent mechanism.

7) Let S be the set consisting of every row identified for deletion from T. S is the old delta table of delete
operation on T. If FOR PORTION OF is specified, then FROMVAL and TOVAL are associated with
every row in S as the associated for portion of from-value and the associated for portion of to-value,
respectively.

8) Case:

a) If T is a base table, then:

i) Case:

1) If TT specifies ONLY, then T is identified for deletion processing without subtables.

2) Otherwise, T is identified for deletion processing with subtables.
NOTE 668— Identifying a base table for deletion processing, with or without subtables, is an imple-
mentation-dependent mechanism.

ii) The General Rules of Subclause 15.8, “Effect of deleting rows from base tables”, are
applied.

b) If T is a viewed table, then the General Rules of Subclause 15.10, “Effect of deleting some rows
from a viewed table”, are applied with TT as VIEW NAME.

9) If any row that ismarked for deletion byDSShas beenmarked for deletion by any<delete statement:
positioned>, <dynamic delete statement: positioned>, or <preparable dynamic delete statement:
positioned> that identifies someopen cursorCRorupdatedbyany<update statement: positioned>,
<dynamic update statement: positioned>, or <preparable dynamic update statement: positioned>
that identifies some open cursor CR, then a completion condition is raised:warning— cursor
operation conflict (01001).

10) If no rows are marked for deletion, then a completion condition is raised: no data (02000).

Conformance Rules

1) Without Feature F781, “Self-referencing operations”, conforming SQL language shall not contain a
<delete statement: searched> in which at least one of the following is true:

a) A leaf generally underlying table of T is a leaf generally underlying table of any <query
expression> broadly contained in the <search condition>.

1160 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
14.9 <delete statement: searched>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


b) The<search condition>broadly contains a <routine invocation>, <method invocation>, <static
method invocation>, or <method reference>whose subject routine is an external routine that
possibly reads SQL-data.

2) 14Without Feature T181, “Application-time period tables”, in conforming SQL language, a <delete
statement: searched> shall not contain FOR PORTION OF.
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14.10 <truncate table statement>

Function

Delete all rows of a base table without causing any triggered action.

Format
<truncate table statement> ::=
TRUNCATE TABLE <target table> [ <identity column restart option> ]

<identity column restart option> ::=
CONTINUE IDENTITY

| RESTART IDENTITY

Syntax Rules

1) Let TTS be the <truncate table statement> and let TT be the <target table> contained in TTS.

2) Let TN be the <table name> contained in TT and let T be the table identified by TN. The schema
identified by the explicit or implicit <schema name> of TN shall include the descriptor of T.

3) T shall be a base table and shall not be a system-versioned table.

4) T shall not be identified by the name of the referenced table in any referential constraint descriptor.

5) If <identity column restart option> is not specified, then CONTINUE IDENTITY is implicit.

Access Rules

1) Let A be the <authorization identifier> that owns the schema identified by the <schema name> of
T.

2) The enabled authorization identifiers shall include A.

General Rules

1) If the transaction accessmode of the current SQL-transaction or the transaction accessmode of the
branch of the current SQL-transaction at the current SQL-connection is read-only, and T is not a
temporary table, then an exception condition is raised: invalid transaction state — read-only SQL-
transaction (25006).

2) If there is any sensitive cursor CR that is currently open in the SQL-transaction in which this SQL-
statement is being executed, then

Case:

a) If CR has not been held into a subsequent SQL-transaction, then either the change resulting
from the successful execution of this statement shall be made visible to CR or an exception
condition is raised: cursor sensitivity exception— request failed (36002).

b) Otherwise, whether the change resulting from the successful execution of this SQL-statement
is made visible to CR is implementation-defined (IA233).
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3) If there is any open, insensitive cursor CR, then either the change resulting from the successful
execution of this statement shall be invisible to CR, or an exception condition is raised: cursor
sensitivity exception— request failed (36002).

4) The extent to which an SQL-implementationmay disallow independent changes that are not signi-
ficant is implementation-defined (IA234).

5) Case:

a) If TT contains ONLY, then the rows for which there is no subrow in a proper subtable of T are
deleted from T.

b) Otherwise, all rows are deleted from T.

6) If any row that is deleted from T by TTS has been marked for deletion by any <delete statement:
positioned>, <dynamic delete statement: positioned>, or <preparable dynamic delete statement:
positioned> that identifies someopen cursorCRorupdatedbyany<update statement: positioned>,
<dynamic update statement: positioned>, or <preparable dynamic update statement: positioned>
that identifies some open cursor CR, then a completion condition is raised:warning— cursor
operation conflict (01001).

7) If no rows are deleted from T, then a completion condition is raised: no data (02000).

8) If RESTART IDENTITY is specified and the table descriptor of T includes a column descriptor IDCD
of an identity column, then:

a) Let CN be the column name included in IDCD and let SV be the start value included in IDCD.

b) The following <alter table statement> is effectively executed without further Access Rule
checking:

ALTER TABLE TN ALTER COLUMN CN RESTART WITH SV

Conformance Rules

1) Without Feature F200, “TRUNCATE TABLE statement”, conforming SQL language shall not contain
a <truncate table statement>.

2) WithoutFeatureF202, “TRUNCATETABLE: identity columnrestart option”, conformingSQL language
shall not contain an <identity column restart option>.
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14.11 <insert statement>
This Subclause is modified by Subclause 14.4, “<insert statement>”, in ISO/IEC 9075-14.

Function

Create new rows in a table.

Format
14 <insert statement> ::=
INSERT INTO <insertion target> <insert columns and source>

<insertion target> ::=
<table name>

<insert columns and source> ::=
<from subquery>

| <from constructor>
| <from default>

<from subquery> ::=
[ <left paren> <insert column list> <right paren> ]
    [ <override clause> ]

<query expression>

<from constructor> ::=
[ <left paren> <insert column list> <right paren> ]
    [ <override clause> ]

<contextually typed table value constructor>

<override clause> ::=
OVERRIDING USER VALUE

| OVERRIDING SYSTEM VALUE

<from default> ::=
DEFAULT VALUES

<insert column list> ::=
<column name list>

Syntax Rules

1) Let IS be the <insert statement>.

2) Let TN be the <table name> contained in <insertion target>. Let T be the table identified by TN.

3) T shall be an insertable-into table or a trigger insertable-into table.

4) T shall not be an old transition table or a new transition table.

5) For each leaf generally underlying table of Twhose descriptor includes a user-defined type name
UDTN, the data type descriptor of the user-defined type UDT identified by UDTN shall indicate that
UDT is instantiable.

6) An <insert columns and source> that specifiesDEFAULTVALUES is implicitly replaced by an <insert
columns and source> that specifies a <contextually typed table value constructor> of the form

VALUES (DEFAULT, DEFAULT, ..., DEFAULT)
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where the number of instances of “DEFAULT” is equal to the number of columns of T.

7) If the <insert column list> is omitted, then an <insert column list> that identifies all columns of T
in the ascending sequence of their ordinal positions within T is implicit.

8) A column identified by the <insert column list> is an object column.

9) No <column name> of T shall be specified more than once.

10) If T is not trigger insertable-into, then each object column shall be an updatable column of T.
NOTE 669— The notion of updatable columns of base tables is defined in Subclause 4.17, “Tables”. The notion of
updatable columns of viewed tables is defined in Subclause 11.32, “<view definition>”.

11) For every object column OC:

a) Letnbe the sequential number of the<columnname> in the<insert column list> that identifies
OC.

b) OC is defaulted if exactly one of the following is true:

i) <from default> is specified.

ii) <from constructor> FC is specified, and, for every <contextually typed row value
expression> CTRVE simply contained in FC, CTRVE is a <contextually typed row value
constructor> having an n-th <contextually typed row value constructor element> that
is <default specification>.

12) Every object column of which some underlying column is a generated column shall be defaulted.

13) In the following circumstances, an<override clause> is permittedor required; if noneof the following
circumstances pertain, then <override clause> shall not be specified.

a) If someunderlying columnof an object column is a system-generated self-referencing column
or a derived self-referencing column, then <override clause> shall be specified.

b) If some underlying column of an object column OC is an identity column whose values are
always generated, and OC is not defaulted, then <override clause> shall be specified.

c) If some underlying column of an object column is an identity columnwhose values are gener-
ated by default, and <override clause> is specified, then <override clause> shall specify
OVERRIDING USER VALUE.

d) If some underlying column of an object column OC is a system-time period start column or a
system-time period end column whose values are always generated, then:

i) If OC is not defaulted, then <override clause> shall be specified.

ii) If <override clause> is specified, then <override clause> shall specify OVERRIDING
USER VALUE.

14) If <contextually typed table value constructor> CVC is specified, then the data type of every <con-
textually typedvalue specification>CVS specified in every<contextually typed rowvalue expression>
CRVS contained in CVC is the data type DT indicated in the column descriptor for the positionally
corresponding column in the explicit or implicit <insert column list>. If CVS is an <empty specifica-
tion> that specifies ARRAY, then DT shall be an array type. If CVS is an <empty specification> that
specifies MULTISET, then DT shall be a multiset type.

15) Let QT be the table specified by the <query expression> or <contextually typed table value con-
structor>. The degree of QT shall be equal to the number of <column name>s in the <insert column
list>. The column of table T identified by the i-th <columnname> in the <insert column list> corres-
ponds with the i-th column of QT.
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16) For each column of T identified by the <column name> in the <insert column list>, the Syntax Rules
of Subclause9.2, “Store assignment”, are appliedwith the columnasTARGET and the corresponding
column of QT as VALUE.

17) If IS is contained in a <triggered SQL statement>, then<insert columns and source> shall not contain
a <value specification> that specifies a parameter reference.

18) 14A <query expression> simply contained in a <from subquery> shall not be a <table value con-
structor>.

NOTE 670— This rule removes a syntactic ambiguity; otherwise, “VALUES (1)” could be parsed either as

<insert columns and source> ::=
<from subquery> ::=
<query expression> ::=
<table value constructor> ::=
VALUES (1)

or

<insert columns and source> ::=
<from constructor> ::=
<contextually typed table value constructor> ::=
VALUES (1)

Access Rules

1) Case:

a) If IS is contained in, without an intervening <SQL routine spec> that specifies SQL SECURITY
INVOKER, an <SQL schema statement>, then let A be the <authorization identifier> that owns
that schema. The applicable privileges forA forT shall include INSERT for each object column.

b) Otherwise, the current privileges for T shall include INSERT for each object column.

General Rules

1) If the transaction accessmode of the current SQL-transaction or the transaction accessmode of the
branch of the current SQL-transaction at the current SQL-connection is read-only, and T is not a
temporary table, then an exception condition is raised: invalid transaction state — read-only SQL-
transaction (25006).

2) If there is any sensitive cursor CR that is currently open in the SQL-transaction in which this SQL-
statement is being executed, then

Case:

a) If CR has not been held into a subsequent SQL-transaction, then either the change resulting
from the successful execution of this statement shall be made visible to CR or an exception
condition is raised: cursor sensitivity exception— request failed (36002).

b) Otherwise, whether the change resulting from the successful execution of this SQL-statement
is made visible to CR is implementation-defined (IA233).

3) If there is any open, insensitive cursor CR, then either the change resulting from the successful
execution of this statement shall be invisible to CR, or an exception condition is raised: cursor
sensitivity exception— request failed (36002).

4) The extent to which an SQL-implementationmay disallow independent changes that are not signi-
ficant is implementation-defined (IA234).

5) QT is effectively evaluated before insertion of any rows into T.
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6) Let Q be the result of evaluating QT.

7) For each row R of Q:

a) A candidate row of T is effectively created in which the value of each column is its default
value, as specified in the General Rules of Subclause 11.5, “<default clause>”. The candidate
row consists of every column of T.

b) For each object column in the candidate row, let Ci be the object column identified by the i-th
<column name> in the <insert column list> and let SVi be the i-th value of R.

c) For every Ci such that Ci is not marked as unassigned and no underlying column of Ci is a self-
referencing column, the General Rules of Subclause 9.2, “Store assignment”, are applied with
Ci as TARGET and SVi as VALUE. Ci is no longer marked as unassigned.

d) If T has a column RC of which some underlying column is a self-referencing column, then

Case:

i) If RC is a system-generated self-referencing column, then the value of RC is effectively
replaced by the REF value of the candidate row.

ii) If RC is a derived self-referencing column, then the value of RC is effectively replaced
by a value derived from the columns in the candidate row that correspond to the list
of derivational attributes of the derived representation of the reference type of RC in
an implementation-dependent (UA063) manner.

e) For every Ci for which one of the following conditions is satisifed:

i) Some underlying column of Ci is a user-generated self-referencing column.

ii) Some underlying column of Ci is a self-referencing column and OVERRIDING SYSTEM
VALUE is specified.

iii) Some underlying column of Ci is an identity column and the i-th column of R is not
derived from <default specification> and OVERRIDING SYSTEM VALUE is specified.

iv) Some underlying column of Ci is an identity column whose values are generated by
default andneitherOVERRIDINGUSERVALUE is specifiednor is the i-th columnderived
from <default specification>.

The General Rules of Subclause 9.2, “Store assignment”, are applied with Ci as TARGET and
SVi as VALUE. Ci is no longer marked as unassigned.

NOTE 671— If OVERRIDING USER VALUE is specified, then some columns of the candidate row(s) can continue to
be marked as unassigned as a result of the preceding rules. The value of such columns is ultimately determined by
the General Rules of Subclause 15.11, “Effect of inserting tables into base tables”, which has the effect of overriding
user values specified in <insert columns and source>.

NOTE 672— The data values allowable in the candidate row can be constrained by a CHECK OPTION constraint.
The effect of a CHECK OPTION constraint is defined in the General Rules of Subclause 15.17, “Checking of views that
specify CHECK OPTION”.

8) Let S be the table consisting of the candidate rows.

Case:

a) If T is a base table, then:

i) T is identified for insertion of source table S.
NOTE 673— Identifying a base table for insertion of a source table is an implementation-dependent
operation.
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ii) The General Rules of Subclause 15.11, “Effect of inserting tables into base tables”, are
applied with S as SOURCE and T as TARGET

b) If T is a viewed table, then:

i) The General Rules of Subclause 15.13, “Effect of inserting a table into a viewed table”,
are applied with S as SOURCE and T as TARGET.

ii) TheGeneral Rules of Subclause15.17, “Checkingof views that specify CHECKOPTION”,
are applied with INSERT as OPERATION.

9) If Q is empty, then a completion condition is raised: no data (02000).

Conformance Rules

1) Without Feature F781, “Self-referencing operations”, conforming SQL language shall not contain
an <insert statement> in which either of the following is true:

a) The <table name> of a leaf generally underlying table of T is broadly contained in the <from
subquery> except as the table name of a qualifying table of a column reference.

b) The <from subquery> broadly contains a <routine invocation>, <method invocation>, <static
method invocation>, or <method reference>whose subject routine is an external routine that
possibly reads SQL-data.

2) Without Feature F222, “INSERT statement: DEFAULT VALUES clause”, conforming SQL language
shall not contain a <from default>.

3) Without Feature S024, “Enhanced structured types”, in conforming SQL language, for each column
C identified in the explicit or implicit <insert column list>, if the declared type of C is a structured
type TY, then the declared type of the corresponding column of the <query expression> or <contex-
tually typed table value constructor> shall be TY.

4) 14Without Feature S043, “Enhanced reference types”, conforming SQL language shall not contain
an <override clause>.
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14.12 <merge statement>
This Subclause is modified by Subclause 14.5, “<merge statement>”, in ISO/IEC 9075-14.

Function

Conditionally update and/or delete rows of a table and/or insert new rows into a table.

Format
14 <merge statement> ::=
MERGE INTO <target table> [ [ AS ] <merge correlation name> ]

USING <table reference>
ON <search condition> <merge operation specification>

<merge correlation name> ::=
<correlation name>

<merge operation specification> ::=
<merge when clause>...

<merge when clause> ::=
<merge when matched clause>

| <merge when not matched clause>

<merge when matched clause> ::=
WHEN MATCHED [ AND <search condition> ]

THEN <merge update or delete specification>

<merge update or delete specification> ::=
<merge update specification>

| <merge delete specification>

<merge when not matched clause> ::=
WHEN NOT MATCHED [ AND <search condition> ]

THEN <merge insert specification>

<merge update specification> ::=
UPDATE SET <set clause list>

<merge delete specification> ::=
DELETE

<merge insert specification> ::=
INSERT [ <left paren> <insert column list> <right paren> ]
    [ <override clause> ]

VALUES <merge insert value list>

<merge insert value list> ::=
<left paren>

<merge insert value element> [ { <comma> <merge insert value element> }... ]
<right paren>

<merge insert value element> ::=
<value expression>

| <contextually typed value specification>

Syntax Rules

1) Let TN be the <table name> contained in <target table> TT and let T be the table identified by TN.
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2) If <mergewhennotmatched clause> is specified, thenT shall be insertable-into or trigger insertable-
into.

3) If <mergeupdate specification> is specified, thenT shall be effectively updatable or triggerupdatable.

4) If <merge delete specification> is specified, thenT shall be effectively updatable or trigger deletable.

5) T shall not be an old transition table or a new transition table.

6) For each leaf generally underlying table of Twhose descriptor includes a user-defined type name
UDTN, the data type descriptor of the user-defined type UDT identified by UDTN shall indicate that
UDT is instantiable.

7) If T is a view, then <target table> is effectively replaced by:

ONLY ( TN )

8) Case:

a) If <merge correlation name> is specified, then let CN be the <correlation name> contained in
<merge correlation name>. CN is an exposed <correlation name>.

b) Otherwise, let CN be the <table name> contained in <target table>. CN is an exposed <table
or query name>.

9) The scope of CN is the <search condition> immediately contained in the <merge statement>, the
<search condition> immediately contained in a <merge whenmatched clause>, the <search condi-
tion> immediately contained in a <merge when not matched clause>, and the <set clause list>.

10) The associated column list of CN comprises every column of T. The associated period list of CN
comprises every period of T.

11) Let TR be the <table reference> immediately contained in <merge statement>. TR shall not directly
contain a <joined table>.

12) The <correlation name> or <table or query name> that is exposed by TR shall not be equivalent to
CN.

13) The <search condition> immediately contained in a <merge statement>, the <search condition>
immediately contained in a <mergewhenmatched clause>, and the<search condition> immediately
contained in a <mergewhennotmatched clause> shall not generally contain a <routine invocation>
whose subject routine is an SQL-invoked routine that possibly modifies SQL-data.

14) Each column identified by an <object column> in a <set clause list> is an update object column. Each
column identified by a <column name> in an implicit or explicit <insert column list> is an insert
object column. Each update object column and each insert object column is an object column.

15) If <merge when not matched clause> is specified and if T is not trigger insertable-into, then every
insert object column shall identify an updatable column of T.

16) If <merge when matched clause> is specified and if T is not trigger updatable, then every update
object column shall identify an updatable column of T.

NOTE 674— The notion of updatable columns of base tables is defined in Subclause 4.17, “Tables”. The notion of
updatable columns of viewed tables is defined in Subclause 11.32, “<view definition>”.

17) No <column name> of T shall be identified more than once in an <insert column list>.

18) For each <merge when not matched clause>MWNMC:

a) If an <insert column list> is omitted, then an <insert column list> that identifies all columns
of T in the ascending sequence of their ordinal position within T is implicit.
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b) For every insert object column IOC ofMWNMC:

i) Let n be the sequential number of the <column name> in the <insert column list> of
MWNMC that identifies IOC.

ii) If the n-th <merge insert value element> ofMWNMC is <default specification>, then
IOC is defaulted.

c) LetNI be the number of <merge insert value element>s contained in <merge insert value list>
ofMWNMC. Let EXP1, EXP2, ..., EXPNI be those <merge insert value element>s.

d) The number of <column name>s in the <insert column list> ofMWNMC shall be equal to NI.

e) The declared type of every <contextually typed value specification> CVS in a <merge insert
value list> is the data type DT indicated in the column descriptor for the positionally corres-
ponding insert object column ofMWNMC in the explicit or implicit <insert column list>. If CVS
is an <empty specification> that specifies ARRAY, then DT shall be an array type. If CVS is an
<empty specification> that specifies MULTISET, then DT shall be a multiset type.

f) Every insert object columnofMWNMCofwhich someunderlying column is a generated column
shall be defaulted.

g) For 1 (one) ≤ i ≤ NI, the Syntax Rules of Subclause 9.2, “Store assignment”, are applied with
EXPi as VALUE and the column of table T identified by the i-th <column name> in the <insert
column list> ofMWNMC as TARGET.

h) In the following circumstances, an <override clause> is permitted or required; if none of the
following circumstances pertain, then <override clause> shall not be specified.

i) If someunderlying columnof an insert object columnofMWNMC is a system-generated
self-referencing columnor aderived self-referencing column, thenMWNMC shall specify
<override clause>.

ii) If some underlying column of an insert object column IOC ofMWNMC is an identity
column whose values are always generated and IOC is not defaulted, thenMWNMC
shall specify <override clause>.

iii) If some underlying column of an insert object column IOC ofMWNMC is an identity
columnwhosevalues are generatedbydefault andMWNMC specifies<override clause>,
then that <override clause> shall specify OVERRIDING USER VALUE.

iv) If some underlying column of an insert object column IOC ofMWNMC is a system-time
period start column or a system-time period end column whose values are always
generated, then:

1) If IOC is not defaulted, thenMWNMC shall specify <override clause>.

2) IfMWNMC specifies <override clause> OC, then OC shall specify OVERRIDING
USER VALUE.

19) 14 Let DSC be the <search condition> immediately contained in <merge statement>.

Case:

a) If T is a system-versioned table, then let ENDCOL be the system-time period end column of T.
Let ENDVAL be the highest value supported by the declared type of ENDCOL. Let SC1 be

(DSC) AND (ENDCOL = ENDVAL)

b) Otherwise, let SC1 be DSC.
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Access Rules

1) Case:

a) If <merge statement> is contained, without an intervening <SQL routine spec> that specifies
SQL SECURITY INVOKER, in an <SQL schema statement>, then let A be the <authorization
identifier> that owns that schema.

i) If <merge update specification> is specified, then the applicable privileges for A shall
include UPDATE for each update object column.

ii) If <merge delete specification> is specified, then the applicable privileges for A shall
include DELETE for T.

iii) If <merge insert specification> is specified, then the applicable privileges for A shall
include INSERT for each insert object column.

iv) If TT immediately contains ONLY, then the applicable privileges for A shall include
SELECTWITH HIERARCHY OPTION on at least one supertable of T.

b) Otherwise,

i) If <merge update specification> is specified, then the current privileges shall include
UPDATE for each update object column.

ii) If <mergedelete specification> is specified, then the current privileges forA shall include
DELETE for T.

iii) If <merge insert specification> is specified, then the current privileges shall include
INSERT for each insert object column.

iv) If TT immediately contains ONLY, then the current privileges shall include SELECT
WITH HIERARCHY OPTION on at least one supertable of T.

General Rules

1) If the transaction accessmode of the current SQL-transaction or the transaction accessmode of the
branch of the current SQL-transaction at the current SQL-connection is read-only, and T is not a
temporary table, then an exception condition is raised: invalid transaction state — read-only SQL-
transaction (25006).

2) If there is any sensitive cursor CR that is currently open in the SQL-transaction in which this SQL-
statement is being executed, then

Case:

a) If CR has not been held into a subsequent SQL-transaction, then either the change resulting
from the successful execution of this statement shall be made visible to CR or an exception
condition is raised: cursor sensitivity exception— request failed (36002).

b) Otherwise, whether the change resulting from the successful execution of this SQL-statement
is made visible to CR is implementation-defined (IA233).

3) If there is any open, insensitive cursor CR, then either the change resulting from the successful
execution of this statement shall be invisible to CR, or an exception condition is raised: cursor
sensitivity exception— request failed (36002).

4) The extent to which an SQL-implementationmay disallow independent changes that are not signi-
ficant is implementation-defined (IA234).
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5) Let QT be the table specified by the <table reference>. QT is effectively evaluated before update,
deletion, or insertion of any rows in T. Let Q be the result of evaluating QT.

6) LetNMWCbe thenumberof <mergewhen clause>s immediately contained in the<mergeoperation
specification>.

a) For each<mergewhen clause>MWCj, 1 (one)≤ j≤NMWC, in the order specified in the <merge
operation specification>,

Case:

i) If <merge when matched clause>MWMCj is specified, then:

1) For each row R1 of T:

A) SC1 and the <search condition> SCj immediately contained inMWMCj, if
any, are effectively evaluated for R1with CN bound to R1 and to each row
of Qwith the exposed <correlation name>s or <table or query name>s of
the <table reference> bound to that row. Both SC1 and SCj are effectively
evaluated for R1 before updating or deleting any row of T and prior to the
invocation of any <triggered action> caused by the update or deletion of
any rowofT andbefore inserting any rows intoT andprior to the invocation
of any <triggered action> caused by the insert of any row of T.

Case:

I) If TT contains ONLY, then R1 is a subject row if R1 has no subrow in
a proper subtable of T and the result of both SC1 and SCj are True for
some row R2 of Q and R1 is not a subject row identified by any other
<merge whenmatched clause> that precedesMWMCj in the <merge
operation specification>. R2 is the matching row.

II) Otherwise, R1 is a subject row if the result of both SC1 and SCj are
True for some row R2 of Q and R1 is not a subject row identified by
any other <merge when matched clause> that precedesMWMCj in
the <merge operation specification>. R2 is the matching row.

B) If R1 is a subject row, then:

I) LetM be the number of matching rows in Q for R1.

II) IfM is greater than 1 (one), then an exception condition is raised:
cardinality violation (21000).

III) If <merge update specification> is specified, then:

1) Let SCL be the <set clause list>.

2) The <update source> of each <set clause> in SCL is effectively
evaluated for R1 before any row of T is updated and prior to
the invocation of any <triggered action> caused by the update
of any row of T. The value resulting from that evaluation is the
update value.

3) The General Rules of Subclause 15.5, “Evaluating a <set clause
list>”, are applied with R1 as SUBJECT ROW and SCL as SET
CLAUSE LIST; let CNR be the CANDIDATE NEW ROW returned
from the application of those General Rules.
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2) Let Sj be the set consisting of every subject row.

3) If T is a base table, then each subject row is also an object row; otherwise, an
object row is any rowof a leaf generally underlying table ofT fromwhich a subject
row is derived.

NOTE 675— The data values allowable in the object rows can be constrained by a CHECK
OPTION constraint. The effect of a CHECK OPTION constraint is defined in the General Rules
of Subclause 15.17, “Checking of views that specify CHECK OPTION”.

4) If any row in the set of object rows has been marked for deletion by any <delete
statement: positioned>, <dynamic delete statement: positioned>, or <preparable
dynamic delete statement: positioned> that identifies some open cursor CR or
updated by any <update statement: positioned>, <dynamic update statement:
positioned>, or<preparabledynamicupdate statement: positioned> that identifies
some open cursor CR, then a completion condition is raised:warning— cursor
operation conflict (01001).

5) If <merge update specification> is specified, then:

A) Let CL be the columns of T identified by the <object column>s contained in
the <set clause list>.

B) Each subject row SR is identified for replacement, by its corresponding
candidate new row CNR, in T. The set of (SR, CNR) pairs is the replacement
set for T.

NOTE 676— Identifying a row for replacement, associating a replacement row with
an identified row, and associating a replacement set with a table are implementation-
dependent operations.

C) Case:

I) If T is a base table, then:

1) Case:

a) If TT specifies ONLY, then T is identified for replacement
processing without subtableswith respect to object
columns CL.

b) Otherwise, T is identified for replacement processing with
subtableswith respect to object columns CL.

NOTE677—Identifyingabase table for replacementprocessing,
with or without subtables, is an implementation-dependent
mechanism. In general, thoughnot here, the list of object columns
can be empty.

2) TheGeneral Rules of Subclause 15.14, “Effect of replacing rows
in base tables”, are applied.

II) If T is a viewed table, then the General Rules of Subclause 15.16,
“Effect of replacing some rows in a viewed table”, are applied with
TT as VIEW NAME and the replacement set for T as REPLACEMENT
SET FOR VIEW NAME.

6) LetNDj be a copy of the new delta table of update operation on T, if any. The new
delta table of update operation on T is destroyed.

NOTE 678— “new delta table of update operation” is defined in Subclause 15.14, “Effect of
replacing rows in base tables”, and Subclause 15.16, “Effect of replacing some rows in a viewed
table”.
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7) If <merge delete specification> is specified, then:

A) Each subject row is identified for deletion from T.

B) Case:

I) If T is a base table, then:

1) Case:

a) If TT specifies ONLY, then T is identified for deletion pro-
cessing without subtables.

b) Otherwise, T is identified for deletion processing with
subtables.

NOTE 679— Identifying a base table for deletion processing,
with or without subtables, is an implementation-dependent
mechanism.

2) The General Rules of Subclause 15.8, “Effect of deleting rows
from base tables”, are applied.

II) Otherwise, T is a viewed table and the General Rules of
Subclause 15.10, “Effect of deleting some rows from a viewed table”,
are applied with TT as VIEW NAME.

ii) If <merge when not matched clause>MWNMCj is specified, then:

1) Let TR1 be the <target table> immediately contained in <merge statement> and
let TR2 be the <table reference> immediately contained in <merge statement>.
If <merge correlation name> is specified, then letMCN be “AS <merge correlation
name>”; otherwise, letMCN be the zero-length character string. IfMWNMCj
immediately contains a <search condition> SCj, then let ONSCj be “OR NOT SCj”;
otherwise, let ONSCj be the zero-length character string. Let S1 be the result of

SELECT *
FROM TR1 MCN, TR2
WHERE SC1 ONSCj

2) Let S2 be the collection of rows of Q for which there exists in S1 some row that is
the concatenation of some row R1 of T and some row R2 of Q.

3) Let S3 be the collection of rows of Q that are not in S2. Let SN3 be the effective
distinct name for S3. Let ER be the exposed range variable of TR2. If ER is a <table
name>, then let EN be the zero-length character string; otherwise, let EN be “AS
ER”.

4) Let S4 be the result of:

SELECT EXP1, EXP2, ..., EXPNI
FROM SN3 EN

5) Let S5 be the collection of rows of S4 for which no candidate rows have been
effectively created by any other <mergewhen notmatched clause> that precedes
MWNMCj in the <merge operation specification>.

6) S5 is effectively evaluated before deletion of any rows from, insertion of any rows
into, or update of any rows in T.

7) For each row R of S5:
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A candidate rowofT is effectively created inwhich the value of each column
is its default value, as specified in the General Rules of Subclause 11.5,
“<default clause>”. The candidate row consists of every column of T.

A)

B) If T has a column RC of which some underlying column is a self-referencing
column, then

Case:

I) If RC is a system-generated self-referencing column, then the value
of RC is effectively replaced by the REF value of the candidate row.

II) If RC is a derived self-referencing column, then the value of RC is
effectively replaced by a value derived from the columns in the can-
didate row that correspond to the list of derivational attributes of
the derived representation of the reference type of RC in an imple-
mentation-dependent (UA063) manner.

C) For each object column in the candidate row, let Ci be the object column
identified by the i-th <column name> in the <insert column list> and let SVi
be the i-th value of R.

D) For every Ci for which at least one of the following conditions is true:

I) Ci is not marked as unassigned and no underlying column of Ci is a
self-referencing column.

II) Some underlying column of Ci is a user-generated self-referencing
column.

III) Some underlying column of Ci is a self-referencing column and
OVERRIDING SYSTEM VALUE is specified.

IV) Some underlying column of Ci is an identity column and the i-th
column of R is not derived from <default specification> and OVER-
RIDING SYSTEM VALUE is specified.

V) Some underlying column of Ci is an identity column whose values
are generated by default and neither OVERRIDING USER VALUE is
specifiednor is the i-th columnderived from<default specification>.

the General Rules of Subclause 9.2, “Store assignment”, are applied with Ci
as TARGET and SVi as VALUE. Ci is no longer marked as unassigned.

NOTE 680— If OVERRIDING USER VALUE is specified, then some columns of the can-
didate row(s) can continue to be marked as unassigned as a result of the preceding
rules. The value of such columns is ultimately determined by the General Rules of
Subclause 15.11, “Effect of inserting tables into base tables”, which has the effect of
overriding user values specified in <insert columns and source>.

NOTE 681— The data values allowable in the candidate row can be constrained by a
CHECK OPTION constraint. The effect of a CHECK OPTION constraint is defined in the
General Rules of Subclause 15.17, “Checking of views that specify CHECK OPTION”.

8) Let Sj be the table consisting of the candidate rows.

Case:

A) If T is a base table, then:

I) T is identified for insertion of source table Sj.
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NOTE 682— Identifying a base table for insertion of a source table is an
implementation-dependent operation.

II) The General Rules of Subclause 15.11, “Effect of inserting tables into
base tables”, are applied.

B) If T is a viewed table, then the General Rules of Subclause 15.13, “Effect of
inserting a table into a viewed table”, are applied with S as SOURCE and T
as TARGET.

9) Let NDj be a copy of the new delta table of insert operation on T, if any. The new
delta table of insert operation on T is destroyed.

NOTE 683— “new delta table of insert operation” is defined in Subclause 15.11, “Effect of
inserting tables into base tables”, and Subclause15.13, “Effect of inserting a table into a viewed
table”.

b) LetODTbe the union of all Sj, 1 (one)≤ j≤NMWC, whereMWCj immediately contains a <merge
when matched clause>. ODT is the old delta table of merge operation on T.

c) LetNDT be the union of allNDj, 1 (one) ≤ j ≤NMWC, whereMWCj immediately contains either
a<mergewhenmatchedclause> that specifiesUPDATEora<mergewhennotmatchedclause>.
NDT is the new delta table of merge operation on T.

7) The General Rules of Subclause 15.17, “Checking of views that specify CHECKOPTION”, are applied
with MERGE as OPERATION

8) If Q is empty, then a completion condition is raised: no data (02000).

Conformance Rules

1) Without Feature F781, “Self-referencing operations”, conforming SQL language shall not contain a
<merge statement> in which either of the following is true:

a) A leaf generally underlying table ofT is broadly contained in a<query expression> immediately
contained in the<table reference>except as the<table or queryname>or<correlationname>
of a column reference.

b) A <query expression> immediately contained in the <table reference> broadly contains a
<routine invocation>, <method invocation>, <staticmethod invocation>, or<methodreference>
whose subject routine is an external routine that possibly reads SQL-data.

2) Without Feature F781, “Self-referencing operations”, conforming SQL language shall not contain a
<merge statement> in which either of the following is true:

a) A leaf generally underlying table of T is a leaf generally underlying table of any <query
expression> broadly contained in any <search condition>.

b) Any<search condition>broadly contains a <routine invocation>, <method invocation>, <static
method invocation>, or <method reference>whose subject routine is an external routine that
possibly reads SQL-data.

3) Without Feature S024, “Enhanced structured types”, conforming SQL language shall not contain a
<merge statement> that does not satisfy the condition: for each column C identified in the explicit
or implicit <insert column list>, if the declared type of C is a structured type TY, then the declared
type of the corresponding column of the <query expression> or <contextually typed table value
constructor> is TY.

4) Without Feature F312, “MERGE statement”, conforming SQL language shall not contain a <merge
statement>.
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5) Without Feature F313, “Enhanced MERGE statement”, in conforming SQL language, a <merge
statement> shall not contain each of <mergewhenmatched clause> and <mergewhennotmatched
clause> more than once.

6) Without Feature F313, “EnhancedMERGE statement”, in conforming SQL language, a <mergewhen
matched clause> or a <merge when not matched clause> shall not immediately contain a <search
condition>.

7) 14Without Feature F314, “MERGE statement with DELETE branch”, in conforming SQL language, a
<merge when matched clause> shall not immediately contain a <merge delete specification>.
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14.13 <update statement: positioned>
This Subclause is modified by Subclause 13.7, “<update statement: positioned>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 8.4, “<update statement: positioned>”, in ISO/IEC 9075-10.
This Subclause is modified by Subclause 14.6, “<update statement: positioned>”, in ISO/IEC 9075-14.

Function

Update a row of a table.

Format
10  14 <update statement: positioned> ::=
UPDATE <target table> [ [ AS ] <correlation name> ]

SET <set clause list>
WHERE CURRENT OF <cursor name>

Syntax Rules

1) 04 Let USP be the <update statement: positioned> and let CN be the <cursor name> immediately
contained in USP. CN shall be contained within the scope of a <cursor name> that is equivalent to
CN.

2) CN shall identify a standing cursor.

3) Let CDD be the cursor declaration descriptor of the standing cursor identified by CN.

4) The cursor specification of CDD shall be updatable.

5) Let TU be the simply underlying table specification of the cursor identified by CN. Let LUT be the
target leaf underlying table of TU.

6) Let TT be the <target table> and let TN be the <table name> contained in TT. TN shall identify LUT.

7) LUT shall not be an old transition table or a new transition table.

8) It TT immediately contains ONLY and LUT is not a typed table, then TT is equivalent to TN.

9) TT shall specify ONLY if and only if the <table reference> contained in TU that references LUT spe-
cifies ONLY.

10) The schema identified by the explicit or implicit <schema name> of TN shall include the descriptor
of LUT.

11) Case:

a) If <correlation name> is specified, then let COR be that <correlation name>. COR is an exposed
<correlation name>.

b) Otherwise, let COR be the <table name> contained in TT. COR is an exposed <table or query
name>.

12) The scope of COR is <set clause list>. The associated column list of COR comprises every column of
LUT. The associated period list of COR comprises every period of LUT.

13) If the declared <cursor specification> CS of CDD is ordered, then for each <object column> OC con-
tained in <set clause list>, no generally underlying column of a <sort key> in the <order by clause>
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simply contained in the <query expression> of CS shall be OC or a generally underlying column of
OC.

14) 10 14Each <column name> specified as an <object column> shall identify a column in the explicit or
implicit <columnname list> contained in the explicit or implicit <updatability clause> of the <cursor
specification> of CDD.

Access Rules

1) Case:

a) If USP is contained, without an intervening <SQL routine spec> that specifies SQL SECURITY
INVOKER, in an <SQL schema statement>, then let A be the <authorization identifier> that
owns that schema. The applicable privileges for A shall include UPDATE for each <object
column>.

b) Otherwise, the current privileges shall include UPDATE for each <object column>.

General Rules

1) Let CR be the cursor instance descriptor of the current SQL-session whose cursor declaration
descriptor is CDD.

2) Let SCL be the <set clause list>.

3) TheGeneral Rules of Subclause 15.7, “Effect of a positionedupdate”, are appliedwithCR asCURSOR,
SCL as SET CLAUSE LIST, USP as STATEMENT, and TT as TARGET.

Conformance Rules

1) 14Without Feature F833, “Updatable ordered cursors”, conforming SQL language shall not contain
an <update statement: positioned> in which the declared <cursor specification> of CDD is ordered.
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14.14 <update statement: searched>
This Subclause is modified by Subclause 14.7, “<update statement: searched>”, in ISO/IEC 9075-14.

Function

Update rows of a table.

Format
14 <update statement: searched> ::=
UPDATE <target table>
    [ FOR PORTION OF <application time period name>

FROM <point in time 1> TO <point in time 2> ]
    [ [ AS ] <correlation name> ]

SET <set clause list>
    [ WHERE <search condition> ]

Syntax Rules

1) Let USS be the <update statement: searched>, let TT be the <target table> contained in USS, and let
SCL be the <set clause list> contained in USS.

2) Let TN be the <table name> contained in TT and let T be the table identified by TN.

3) T shall be an effectively updatable table or a trigger updatable table.

4) T shall not be an old transition table or a new transition table.

5) If WHERE is not specified, then WHERE TRUE is implicit.

6) Let DSC be the implicit or explicit <search condition>. DSC shall not generally contain a <routine
invocation> whose subject routine is an SQL-invoked routine that possibly modifies SQL-data.

Case:

a) If T is a system-versioned table, then let ENDCOL be the system-time period end column of T.
Let ENDVAL be the highest value supported by the declared type of ENDCOL. Let TSC be

(DSC) AND (ENDCOL = ENDVAL)

b) Otherwise, let TSC be DSC.

7) Case:

a) If FORPORTIONOF<application timeperiodname>ATPN is specified, then the tabledescriptor
of T shall include an ATPN period descriptor.

i) Let BSTARTCOL be the name of the ATPN period start column of T; let BENDCOL be the
name of the ATPN period end column of T. Let BCD be the declared type of the ATPN
period start column of T.

ii) Neither BSTARTCOL nor BENDCOL shall be an explicit <object column> contained in
the <set clause list>.

iii) Let FROMVAL be <point in time 1>. FROMVAL shall not generally contain a reference
to a column of T or a <routine invocation> whose subject routine is an SQL-invoked
routine that is possibly non-deterministic or that possibly modifies SQL-data.
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iv) Let TOVAL be <point in time 2>. TOVAL shall not generally contain a reference to a
columnofT or a <routine invocation>whose subject routine is an SQL-invoked routine
that is possibly non-deterministic or that possibly modifies SQL-data.

v) Let SC be

TSC AND
(FROMVAL < TOVAL) AND
(BENDCOL > FROMVAL) AND
(BSTARTCOL < TOVAL)

vi) The following two <set clause>s are implicitly added to SCL:

BSTARTCOL = CASE
WHEN BSTARTCOL > FROMVAL
THEN BSTARTCOL

ELSE CAST ( FROMVAL AS BCD )
END,

BENDCOL   = CASE
WHEN BENDCOL < TOVAL
THEN BENDCOL

ELSE CAST ( TOVAL AS BCD )
END

b) Otherwise, let SC be TSC.

8) IfUSS is contained in a <triggered SQL statement>, then SC shall not contain a <value specification>
that specifies a parameter reference.

9) Case:

a) If <correlation name> is specified, then let CN be that <correlation name>. CN is an exposed
<correlation name>.

b) Otherwise, let CN be the <table name> contained in TT. CN is an exposed <table or query
name>.

10) 14The scope of CN is SCL and SC. The associated column list of CN comprises every column of T. The
associated period list of CN comprises every period of T.

Access Rules

1) Case:

a) If USS is contained, without an intervening <SQL routine spec> that specifies SQL SECURITY
INVOKER, in an <SQL schema statement>, then let A be the <authorization identifier> that
owns that schema.

i) The applicable privileges for A for T shall include UPDATE for each <object column>.

ii) If TT immediately contains ONLY, then the applicable privileges for A shall include
SELECTWITH HIERARCHY OPTION on at least one supertable of T.

b) Otherwise,

i) The current privileges for T shall include UPDATE for each <object column>.

ii) If TT immediately contains ONLY, then the current privileges shall include SELECT
WITH HIERARCHY OPTION on at least one supertable of T.
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General Rules

1) If the transaction accessmode of the current SQL-transaction or the transaction accessmode of the
branch of the current SQL-transaction at the current SQL-connection is read-only and T is not a
temporary table, then an exception condition is raised: invalid transaction state — read-only SQL-
transaction (25006).

2) If there is any sensitive cursor CR that is currently open in the SQL-transaction in which this SQL-
statement is being executed, then

Case:

a) If CR has not been held into a subsequent SQL-transaction, then either the change resulting
from the successful execution of this statement shall be made visible to CR or an exception
condition is raised: cursor sensitivity exception— request failed (36002).

b) Otherwise, whether the change resulting from the successful execution of this SQL-statement
is made visible to CR is implementation-defined (IA233).

3) If there is any open, insensitive cursor CR, then either the change resulting from the successful
execution of this statement shall be invisible to CR, or an exception condition is raised: cursor
sensitivity exception— request failed (36002).

4) The extent to which an SQL-implementationmay disallow independent changes that are not signi-
ficant is implementation-defined (IA234).

5) Case:

a) If TT contains ONLY, then SC is effectively evaluated for each row of Twith the exposed
<correlation name>s or <table or query name>s ofTT bound to that row, and the subject rows
are those rows for which the result of SC is True and for which there is no subrow in a proper
subtable of T. SC is effectively evaluated for each row of T before updating any row of T.

b) Otherwise, SC is effectively evaluated for each row of Twith the exposed <correlation name>s
or <table or query name>s of TT bound to that row, and the subject rows are those rows for
which the result of SC is True. SC is effectively evaluated for each row of T before updating
any row of T.

6) Let S be the set consisting of every subject row. S is the old delta table of update operation on T. If
FOR PORTION OF is specified, then FROMVAL and TOVAL are associated with every row in S as the
associated for portion of from-value and the associated for portion of to-value, respectively.

7) If T is a base table, then each subject row is also an object row; otherwise, an object row is any row
of a leaf generally underlying table of T from which a subject row is derived.

8) If any row in the set of object rows has been marked for deletion by any <delete statement: posi-
tioned>, <dynamic delete statement: positioned>, or <preparable dynamic delete statement: posi-
tioned> that identifies some open cursor CR or updated by any <update statement: positioned>,
<dynamic update statement: positioned>, or <preparable dynamic update statement: positioned>
that identifies some open cursor CR, then a completion condition is raised:warning— cursor
operation conflict (01001).

9) SC is evaluated for each row of T prior to the invocation of any <triggered action> caused by the
update of any row of T.

10) The <update source> of each <set clause> contained in SCL is effectively evaluated for each row of
T before any row of T is updated.

11) Let N be the cardinality of S. For each subject row SRi, 1 (one) ≤ i ≤ N, in S:
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The General Rules of Subclause 15.5, “Evaluating a <set clause list>”, are applied with SRi as
SUBJECT ROW and SCL as SET CLAUSE LIST; let CNRi be the CANDIDATE NEW ROW returned
from the application of those General Rules.

a)

b) SRi is identified for replacement in T by CNRi.

NOTE 684— The data values allowable in the object rows can be constrained by a CHECK OPTION constraint. The
effect of a CHECK OPTION constraint is defined in the General Rules of Subclause 15.17, “Checking of views that
specify CHECK OPTION”.

12) Let RS be the set of ( SRi, CNRi ) pairs, 1 (one) ≤ i ≤ N. RS is the replacement set for T.

NOTE685—Identifying a row for replacement, associating a replacement rowwith an identified row, and associating
a replacement set with a table are implementation-dependent operations.

13) Let CL be the columns of T identified by the <object column>s contained in SCL.

14) Case:

a) If T is a base table, then:

i) Case:

1) If TT specifies ONLY, then T is identified for replacement processing without
subtableswith respect to object columns CL.

2) Otherwise, T is identified for replacement processing with subtableswith respect
to object columns CL.

NOTE 686— Identifying a base table for replacement processing, with or without subtables, is an
implementation-dependent mechanism. In general, though not here, the list of object columns can
be empty.

ii) The General Rules of Subclause 15.14, “Effect of replacing rows in base tables”, are
applied.

b) If T is a viewed table, then:

i) TheGeneral Rules of Subclause 15.16, “Effect of replacing some rows in a viewed table”,
are applied with TT as VIEW NAME and the replacement set for T as REPLACEMENT
SET FOR VIEW NAME.

ii) TheGeneral Rules of Subclause15.17, “Checkingof views that specify CHECKOPTION”,
are applied with UPDATE as OPERATION.

15) If the set of object rows is empty, then a completion condition is raised: no data (02000).

Conformance Rules

1) Without Feature F781, “Self-referencing operations”, conforming SQL language shall not contain
an <update statement: searched> in which either of the following is true:

a) A leaf generally underlying table of T is a leaf generally underlying table of any <query
expression> broadly contained in the <search condition>.

b) The<search condition>broadly contains a <routine invocation>, <method invocation>, <static
method invocation>, or <method reference>whose subject routine is an external routine that
possibly reads SQL-data.

2) 14Without Feature T181, “Application-time period tables”, in conforming SQL language, an <update
statement: searched> shall not contain FOR PORTION OF.
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14.15 <set clause list>
This Subclause is modified by Subclause 13.1, “<set clause list>”, in ISO/IEC 9075-15.

Function

Specify a list of updates.

Format
<set clause list> ::=
<set clause> [ { <comma> <set clause> }... ]

<set clause> ::=
<multiple column assignment>

| <set target> <equals operator> <update source>

<set target> ::=
<update target>

| <mutated set clause>

<multiple column assignment> ::=
<set target list> <equals operator> <assigned row>

<set target list> ::=
<left paren> <set target> [ { <comma> <set target> }... ] <right paren>

<assigned row> ::=
<contextually typed row value expression>

15 <update target> ::=
<object column>

| <object column>
<left bracket or trigraph> <simple value specification> <right bracket or trigraph>

<object column> ::=
<column name>

<mutated set clause> ::=
<mutated target> <period> <method name>

<mutated target> ::=
<object column>

| <mutated set clause>

<update source> ::=
<value expression>

| <contextually typed value specification>

Syntax Rules

1) Let T be the table identified by the <target table> contained in the containing <update statement:
positioned>, <update statement: searched>, or <merge statement>.

2) IfT is not trigger updatable, then each<columnname> specified as an<object column> shall identify
an updatable column of T.

NOTE 687— The notion of updatable columns of base tables is defined in Subclause 4.17, “Tables”. The notion of
updatable columns of viewed tables is defined in Subclause 11.32, “<view definition>”.
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3) No<object column> shall reference a columnofwhich someunderlying column is a self-referencing
column, system-time period start column, or a system-time period end column.

4) Each <set clause> SC that immediately contains a <multiple column assignment> is effectively
replaced by a <set clause list>MSCL as follows:

a) Let STN be the number of <set target>s contained in <set target list>.

b) STN shall be equal to the degree of the <assigned row> AR contained in SC.

c) Let STi, 1 (one) ≤ i ≤ STN, be the i-th <set target> contained in the <set target list> of SC and
let DTi be the declared type of the i-th field of AR. The i-th <set clause> inMSCL is:

STi =
CAST ( AR AS ROW ( F1 DT1, F2 DT2, ..., FSTN DTSTN ) ).Fi

NOTE 688— “Fn” here stands for the <field name> consisting of the letter “F” followed, with no intervening
<separator> by the decimal <digit> or <digit>s comprising a <literal> corresponding to the value n.

5) If <set clause> SC specifies an <object column> that references a column of which some underlying
column is either a generated column or an identity column whose descriptor indicates that values
are always generated, then the <update source> specified in SC shall consist of a <default specifica-
tion>.

6) A <value expression> simply contained in an <update source> in a <set clause> shall not directly
contain a <set function specification>.

7) If the <set clause list>OSCL contains one ormore <set clause>s that contain a <mutated set clause>,
then:

a) Let N be the number of <set clause>s in OSCL that contain a <mutated set clause>.

b) For 1 (one) ≤ i ≤ N:

i) Let SCi be the i-th <set clause> that contains a <mutated set clause>.

ii) Let RCVEi be the <update source> immediately contained in SCi.

iii) LetMSCi be the <mutated set clause> immediately contained in the <set target>
immediately contained in SCi.

iv) Let OCi be the <object column> contained inMSCi. The declared type of the column
identified by OCi shall be a structured type.

v) LetMi be the number of <method name>s contained inMSCi.

vi) For 1 (one) ≤ j ≤Mi:

Case:

1) If j = 1 (one), then:

A) LetMTi,1 be the <mutated target> immediately contained inMSCi.

B) LetMNi,1 be the <method name> immediately contained inMSCi.

C) Let Vi,1 be:

MTi,1.MNi,1 ( RCVEi )

2) Otherwise:
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A) LetMTi,j be the <mutated target> immediately contained in the <mutated
set clause> immediately contained inMTi,j−1.

B) LetMNi,j be the <method name> immediately contained in the <mutated
set clause> immediately contained inMTi,j−1.

C) Let Vi,j be

MTi,j.MNi,j ( Vi,j−1 )

c) OSCL is equivalent to a <set clause list> NSCL derived as follows:

i) Let NSCL be a <set clause list> derived from OSCL by replacing every <set clause> SCa,
1 (one) ≤ a ≤ N, that contains a <mutated set clause> with:

MTa,Ma = Va,Ma

ii) For 1 (one) ≤ b ≤ N, if there exists a c such that c < b and OCc is equivalent to OCb, then:

1) Every occurrence of OCb in Vb,Mb is replaced by Vc,Mc.

2) SCc is deleted from NSCL.

8) Equivalent <object column>s shall not appear more than once in a <set clause list>.
NOTE 689—Multiple occurrences of equivalent <object column>s within <mutated set clause>s are eliminated by
the preceding Syntax Rule of this Subclause.

9) If the <update source> of <set clause> SC specifies a <contextually typed value specification> CVS,
then the data type ofCVS is the data typeDTof the <update target> or <mutated set clause> specified
in SC.

10) If CVS is an <empty specification>, thenDT shall be a collection type or a distinct typewhose source
type is a collection type. If CVS specifies ARRAY, then DT shall be an array type or a distinct type
whose source type is an array type. If CVS specifies MULTISET, then DT shall be a multiset type or
a distinct type whose source type is a multiset type.

11) For every <object column> in a <set clause>,

Case:

a) 15 If the <update target> immediately contains <simple value specification>, then the declared
type of the column of T identified by the <object column> shall be an array type or a distinct
typewhose source type is an array type. The SyntaxRules of Subclause 9.2, “Store assignment”,
are applied with a temporary site whose declared type is element type of the column of T
identified by the <object column> as TARGET and the <update source> of the <set clause> as
VALUE.

b) Otherwise, the SyntaxRules of Subclause 9.2, “Store assignment”, are appliedwith the column
of T identified by the <object column> as TARGET and the <update source> of the <set clause>
as VALUE.

Access Rules

None.
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General Rules

None.

Conformance Rules

1) Without Feature F781, “Self-referencing operations”, conforming SQL language shall not contain a
<set clause> in which either of the following is true:

a) A leaf generally underlying table of T is a leaf generally underlying table of any <query
expression> broadly contained in any <value expression> simply contained in an <update
source> or <assigned row> immediately contained in the <set clause>.

b) An <update source> or <assigned row> immediately contained in the <set clause> broadly
contains a<routine invocation>, <method invocation>, <staticmethod invocation>, or<method
reference> whose subject routine is an external routine that possibly reads SQL-data.

2) Without Feature S090, “Minimal array support”, conforming SQL language shall not contain an
<update target> that immediately contains a <simple value specification>.

3) Without Feature S024, “Enhanced structured types”, conforming SQL language shall not contain a
<set clause> in which the declared type of the <update target> in the <set clause> is a structured
type TY and the declared type of the <update source> or corresponding field of the <assigned row>
contained in the <set clause> is not TY.

4) Without Feature S024, “Enhanced structured types”, conforming SQL language shall not contain a
<set clause> that contains a <mutated set clause> and inwhich the declared type of the last <method
name> identifies a structured type TY, and the declared type of the <update source> contained in
the <set clause> is not TY.

5) 15Without Feature T641, “Multiple columnassignment”, conforming SQL language shall not contain
a <multiple column assignment>.

1188 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
14.15 <set clause list>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


14.16 <temporary table declaration>
This Subclause is modified by Subclause 13.8, “<temporary table declaration>”, in ISO/IEC 9075-4.

Function

Declare a declared local temporary table.

Format
<temporary table declaration> ::=
DECLARE LOCAL TEMPORARY TABLE <table name> <table element list>
    [ ON COMMIT <table commit action> ROWS ]

Syntax Rules

1) Let TN be the <table name> of a <temporary table declaration> TTD, and let T be the <qualified
identifier> of TN.

2) 04TTD shall be contained in an <SQL-client module definition> or in a <direct SQL statement>.

3) Case:

a) If TN contains a <local or schema qualifier> LSQ, then LSQ shall be “MODULE”.

b) If TN does not contain a <local or schema qualifier>, then “MODULE” is implicit.

4) 04 If a <temporary table declaration> is contained in an <SQL-client module definition>M, then the
<qualified identifier> of TN shall not be equivalent to the <qualified identifier> of the <table name>
of any other <temporary table declaration> that is contained inM.

5) The descriptor of the table defined by a <temporary table declaration> includes TN and the column
descriptor specified by each <column definition>. The i-th column descriptor is given by the i-th
<column definition>.

6) <table element list> shall contain at least one <column definition> or at least one <like clause>.

7) <table element list> shall not contain a <table element> that is a <table period definition>.

8) If ON COMMIT is not specified, then ON COMMIT DELETE ROWS is implicit.

Access Rules

None.

General Rules

1) Let U be the implementation-dependent (UV107) <schema name> of the schema that contains the
declared local temporary table such that the schema identified byU does not contain a table whose
<table name> is equivalent to TN.

2) Let UI be the current user identifier and let R be the current role name.

Case:

a) If UI is not the null value, then let A be UI.
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b) Otherwise, let A be R.

3) 04The definition of Twithin an SQL-client module is effectively equivalent to the definition of a
persistent base table U.T. Within the SQL-client module, any reference to MODULE.T is equivalent
to a reference to U.T.

4) A set of privilegedescriptors is created that define theprivileges INSERT, SELECT, UPDATE,DELETE,
andREFERENCESon this table and INSERT, SELECT, UPDATE, andREFERENCES for every <column
definition> in the table definition to A. These privileges are not grantable. The grantor for each of
these privilege descriptors is set to the special grantor value "_SYSTEM". The grantee is “PUBLIC”.

5) The definition of a temporary table persists for the duration of the SQL-session. The termination
of the SQL-session is effectively followed by the execution of the following <drop table statement>
with the current authorization identifier A and current <schema name> Uwithout further Access
Rule checking:

DROP TABLE T CASCADE

6) The definition of a declared local temporary table does not appear in any view of the Information
Schema.

NOTE 690— The Information Schema is defined in ISO/IEC 9075-11.

Conformance Rules

1) Without Feature F531, “Temporary tables”, conforming SQL language shall not contain a<temporary
table declaration>.
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14.17 <free locator statement>

Function

Remove the association between a locator variable and the value that is represented by that locator.

Format
<free locator statement> ::=
FREE LOCATOR <locator reference> [ { <comma> <locator reference> }... ]

<locator reference> ::=
<host parameter name>

| <embedded variable name>
| <dynamic parameter specification>

Syntax Rules

1) Each host parameter identified by <host parameter name> immediately contained in <locator ref-
erence> shall be a binary large object locator parameter, a character large object locator parameter,
an array locator parameter, a multiset locator parameter, or a user-defined type locator parameter.

2) Each host variable identified by the <embedded variable name> immediately contained in <locator
reference> shall be a binary large object locator variable, a character large object locator variable,
an array locator variable, a multiset locator variable, or a user-defined type locator variable.

Access Rules

None.

General Rules

1) For every <locator reference> LR immediately contained in <free locator statement>, let L be the
value of LR.

Case:

a) If L is not a valid locator value, then an exception condition is raised: locator exception—
invalid specification (0F001).

b) Otherwise, L is marked invalid.

Conformance Rules

1) Without FeatureT561, “Holdable locators”, conformingSQL language shall not contain a<free locator
statement>.
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14.18 <hold locator statement>

Function

Mark a locator variable as being holdable.

Format
<hold locator statement> ::=
HOLD LOCATOR <locator reference> [ { <comma> <locator reference> }... ]

Syntax Rules

1) Each host parameter identified by <host parameter name> immediately contained in <locator ref-
erence> shall be a binary large object locator parameter, a character large object locator parameter,
an array locator parameter, a multiset locator parameter, or a user-defined type locator parameter.

Access Rules

None.

General Rules

1) For every <locator reference> LR immediately contained in <hold locator statement>, let L be the
value of LR.

Case:

a) If L is not a valid locator value, then an exception condition is raised: locator exception—
invalid specification (0F001).

b) Otherwise, L is marked holdable.

Conformance Rules

1) Without Feature T561, “Holdable locators”, conforming SQL language shall not contain a <hold
locator statement>.
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15 Additional data manipulation rules

This Clause is modified by Clause 8, “Additional data manipulation rules”, in ISO/IEC 9075-3.
This Clause is modified by Clause 14, “Additional data manipulation rules”, in ISO/IEC 9075-4.
This Clause is modified by Clause 13, “Additional data manipulation rules”, in ISO/IEC 9075-9.
This Clause is modified by Clause 14, “Additional data manipulation rules”, in ISO/IEC 9075-15.

15.1 Effect of opening a cursor
This Subclause is modified by Subclause 8.1, “Effect of opening a cursor”, in ISO/IEC 9075-3.
This Subclause is modified by Subclause 14.1, “Effect of opening a cursor”, in ISO/IEC 9075-4.

Function

Specify the effect of opening a cursor that is not a received cursor.

Subclause Signature

“Effect of opening a cursor” [General Rules] (
  Parameter: “CURSOR”
)

CURSOR— a cursor instance descriptor.

Syntax Rules

None.

Access Rules

None.

General Rules

1) 03 Let CR be the CURSOR in an application of the General Rules of this Subclause.

2) If CR is not in the closed state, then an exception condition is raised: invalid cursor state (24000).

3) Let CDD be the cursor declaration descriptor of CR.

4) Case:

a) 03 If the kind of cursor described by CDD is a standing cursor, then let S be the declared <cursor
specification> of CDD.

b) If the kind of cursor described by CDD is a declared dynamic cursor, then let S be the prepared
statement indicated by the <statement name> that is the origin of CDD.

c) If the kindof cursor describedbyCDD is an extendeddynamic cursor, then let Sbe theprepared
statement that is the origin of CDD.
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d) If the kind of cursor described by CDD is a PTF dynamic cursor, then let S be the <cursor spe-
cification> that is the origin of CDD.

NOTE 691— If the kind of cursor is a received cursor, then this Subclause does not apply; instead, Subclause 15.2,
“Effect of receiving a result set”, applies.

5) CR is opened, and a result set descriptor RSD is created and included in CR, in the following steps:

a) The <cursor specification> of RSD is a copy CS of S that is effectively created as follows:

i) 04Each <embedded variable specification>, <host parameter specification>, <SQL
parameter reference>, and<dynamicparameter specification> is replacedby a<literal>
denoting the value resulting from evaluating the <embedded variable specification>,
<host parameter specification>, <SQL parameter reference>, and <dynamic parameter
specification>, respectively, with all such evaluations effectively done at the same
instant in time.

ii) Each <value specification> generally contained in S that is CURRENT_USER, CUR-
RENT_ROLE, SESSION_USER, SYSTEM_USER,CURRENT_CATALOG,CURRENT_SCHEMA,
CURRENT_PATH, CURRENT_DEFAULT_TRANSFORM_GROUP, or CURRENT_TRANS-
FORM_GROUP_FOR_TYPE <path-resolved user-defined type name> is replaced by a
<literal> denoting the value resulting from evaluation of CURRENT_USER, CUR-
RENT_ROLE, SESSION_USER, SYSTEM_USER,CURRENT_CATALOG,CURRENT_SCHEMA,
CURRENT_PATH, CURRENT_DEFAULT_TRANSFORM_GROUP, or CURRENT_TRANS-
FORM_GROUP_FOR_TYPE <path-resolved user-defined type name>, respectively, with
all such evaluations effectively done at the same instant in time.

b) Case:

i) If CR is a standing cursor, then the operational properties of RSD are the same as the
corresponding declared properties of CDD.

ii) Otherwise, CR is a dynamic cursor.

1) The operational properties of RSD are initially copied from the corresponding
declared properties of CDD.

2) If the <prepare statement> that prepared S contained an <attributes variable>,
then let CA be the value of that <attributes variable>.

A) If CA contains a <cursor sensitivity>, then the operational sensitivity prop-
erty of RSD is set to that <cursor sensitivity>.

B) If CA contains a <cursor scrollability>, then the operational scrollability
property of RSD is set to that <cursor scrollability>.

C) If CA contains a <cursor holdability>, then the operational holdability
property of RSD is set to that <cursor holdability>.

D) If CA contains a <cursor returnability>, then the operational returnability
property of RSD is set to that <cursor returnability>.

c) If CR is being opened during either

i) the execution of an SQL-invoked function, or

ii) the execution of an externally-invoked procedure

without the intervening execution of an SQL-invoked procedure, then the operational
returnability property of RSD is set to WITHOUT RETURN.

d) Let QE be the <query expression> simply contained in CS.
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e) Let T be the table specified by QE.

f) Case:

i) If the operational sensitivity property of RSD is INSENSITIVE, then let TT be a copy of
T.

ii) Otherwise, let TT be T.

g) The sequence of rows ofRSD consists of the rows of TT, ordered as determined by the General
Rules of Subclause 7.17, “<query expression>”.

h) CR is placed in the open state and its position is before the first row of TT.

i) The cursor instance descriptor of CR is added to the SQL-session context.

6) If CR is insensitive, and the SQL-implementation is unable to guarantee that significant changeswill
be invisible through CR during the SQL-transaction in which CR is opened and every subsequent
SQL-transaction during which it may be held open, then an exception condition is raised: cursor
sensitivity exception— request rejected (36001).

7) If CR is sensitive, and the SQL-implementation is unable to guarantee that significant changes will
be visible throughCRduring the SQL-transaction inwhichCR is opened, then an exception condition
is raised: cursor sensitivity exception— request rejected (36001).

NOTE 692— The visibility of significant changes through a sensitive holdable cursor during a subsequent SQL-
transaction is implementation-defined (IA234).

8) Whether an SQL-implementation is able to disallow significant changes that would not be visible
through a currently open cursor is implementation-defined (IA236).

9) If the operational returnability property of RSD is WITH RETURN, then let SIP be the active SQL-
invoked procedure, let INV be the invoker of SIP, and let RSS be the result set sequence for SIP and
INV in the active SQL-session context. RSD is added to the end of RSS.

10) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.

Conformance Rules

None.
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15.2 Effect of receiving a result set

Function

Advance a received cursor to the next result set in a result set sequence.

Subclause Signature

“Effect of receiving a result set” [General Rules] (
  Parameter: “CURSOR”, 
  Parameter: “RESULT SET SEQUENCE”
)

CURSOR— a cursor instance descriptor.

RESULT SET SEQUENCE— a sequence of cursor result sets (rows of a derived table).

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let CR be the CURSOR and let RSS be the RESULT SET SEQUENCE in an application of the General
Rules of this Subclause.

2) Let RS be the first result set descriptor in RSS.

3) CR is placed in the open state, with RS as the result set descriptor included in CR.

4) RS is removed from RSS.

5) If the operational scrollability property of RS is NO SCROLL, then the position of RS is set to before
the first row.

6) The operational returnability property of RS is implementation-defined (IV031).

7) The <cursor specification> of RS is made not updatable by replacing the explicit or implicit
<updatability clause> with FOR READ ONLY.

8) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.

Conformance Rules

None.
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15.3 Determination of the current row of a cursor

Function

Specify how the current row of a cursor is determined.

Subclause Signature

“Determination of the current row of a cursor” [General Rules] (
  Parameter: “CURSOR”, 
  Parameter: “FETCH ORIENTATION”
)

CURSOR— a cursor instance descriptor.

FETCHORIENTATION—an indication of how the current rowof CURSOR is to be determined (FIRST,
LAST, NEXT, PRIOR, ABSOLUTE, or RELATIVE).

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let CR be the CURSOR and let FO be the FETCH ORIENTATION in an application of the General Rules
of this Subclause.

2) If CR is not in the open state, then an exception condition is raised: invalid cursor state (24000).

3) Let RSD be the result set descriptor of CR.

4) If FO is not NEXT and the operational scrollability property of RSD is not SCROLL, then an exception
condition is raised: syntax error or access rule violation (42000).

5) Case:

a) If FO contains a <simple value specification>, then let J be the value of that <simple value
specification>.

b) If FO specifies NEXT or FIRST, then let J be +1.

c) If FO specifies PRIOR or LAST, then let J be −1 (negative one).

6) Let T be the sequence of rows of RSD.

7) Let Tt be a sequence of rows of the same degree as T.

Case:

a) If FO specifies ABSOLUTE, FIRST, or LAST, then let Tt contain all rows of T, preserving their
order in T.
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b) If FO specifies NEXT or specifies RELATIVE with a positive value of J, then:

i) If T is empty or if the position of CR is on or after the last row of T, then let Tt be an
empty sequence of rows.

ii) If the position of CR is on a row R that is other than the last row of T, then let Tt contain
all rows of T ordered after row R, preserving their order in T.

iii) If the position ofCR is before a rowR, then letTt contain rowR and all rows ofT ordered
after row R, preserving their order in T.

c) If FO specifies PRIOR or specifies RELATIVE with a negative value of J, then:

i) If T is empty or if the position of CR is on or before the first row of T, then let Tt be an
empty sequence of rows.

ii) If the position of CR is on a row R that is other than the first row of T, then let Tt contain
all rows of T ordered before row R, preserving their order in T.

iii) If the position of CR is before a row R that is not the first row of T, then let Tt contain
all rows of T ordered before row R, preserving their order in T.

iv) If the position of CR is after the last rowofT, then letTt contain all rows ofT, preserving
their order in T.

d) If RELATIVE is specified with a zero value of J, then

Case:

i) If the position of CR is on a row of T, then let Tt be a sequence of rows comprising that
one row.

ii) Otherwise, let Tt be an empty sequence of rows.

8) Let N be the number of rows in Tt. If J is positive, then let K be J. If J is negative, then let K be N+J+1.
If J is zero and ABSOLUTE is specified, then let K be zero; if J is zero and RELATIVE is specified, then
let K be 1 (one).

9) Case:

a) If K is greater than 0 (zero) and not greater than N, then CR is positioned on the K-th row of
Tt and the corresponding row of T. That row becomes the current row of CR.

b) Otherwise, a completion condition is raised: no data (02000).

Case:

i) If FO specifies RELATIVEwith J equal to 0 (zero), then the position of CR is unchanged.

ii) If FO implicitly or explicitly specifies NEXT, specifies ABSOLUTE or RELATIVE with K
greater than N, or specifies LAST, then CR is positioned after the last row.

iii) Otherwise, FO specifies PRIOR, FIRST, or ABSOLUTE, or RELATIVE with K not greater
than N and CR is positioned before the first row.

10) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.

Conformance Rules

None.
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15.4 Effect of closing a cursor

Function

Specify the effect of closing a cursor.

Subclause Signature

“Effect of closing a cursor” [General Rules] (
  Parameter: “CURSOR”, 
  Parameter: “DISPOSITION”
)

CURSOR— a cursor instance descriptor.

DISPOSITION— if DESTROY, the result set of the cursor is destroyed.

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let CR be the CURSOR and letDISP be theDISPOSITION in an application of the General Rules of this
Subclause.

2) If CR is not in the open state, then an exception condition is raised: invalid cursor state (24000).

3) Let RS be the result set descriptor of CR.

4) CR is placed in the closed state.

5) The cursor instance descriptor of CR is removed from the SQL-session context.

6) Case:

a) If the operational returnability property of RS is WITHOUT RETURN, then RS is destroyed.

b) If DISP is DESTROY, then RS is removed from the result set sequence that includes RS, if any,
and RS is destroyed.

NOTE 693— Otherwise, RS is not destroyed.

7) If CR is a received cursor, and the result set sequence RSS of the SQL-invoked routine specified in
the cursor declaration descriptor of CR is not empty, then the General Rules of Subclause 15.2,
“Effect of receiving a result set”, are applied with CR as CURSOR and RSS as RESULT SET SEQUENCE.

8) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.

© ISO/IEC 2023 – All rights reserved 1199

ISO/IEC 9075-2:2023(E)
15.4 Effect of closing a cursor

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


Conformance Rules

None.
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15.5 Evaluating a <set clause list>
This Subclause is modified by Subclause 14.1, “Evaluating a <set clause list>”, in ISO/IEC 9075-15.

Function

Specify the effects of evaluating a <set clause list>.

Subclause Signature

“Evaluating a <set clause list>” [General Rules] (
  Parameter: “SUBJECT ROW”, 
  Parameter: “SET CLAUSE LIST”
) Returns: “CANDIDATE NEW ROW”

SUBJECT ROW— a row of a derived table (the row to be updated).

SET CLAUSE LIST— a list of <set clause>s as specified in an <update statement: positioned> or an
<update statement: searched>.

CANDIDATE NEW ROW— SUBJECT ROWmodified by the <set clause>s in SET CLAUSE LIST.

Syntax Rules

None.

Access Rules

None.

General Rules
NOTE694—At the time that theGeneralRules of this Subclause are evaluated, SCL, the<set clause list>, hasbeen transformed
by the Syntax Rules of Subclause 14.15, “<set clause list>”, to replace all <multiple column assignment>s and all <mutated
set clause>s with ordinary <set clause>s that do not need special processing.

1) Let SR be the SUBJECT ROW and let SCL be the SET CLAUSE LIST in an application of the General
Rules of this Subclause. The result of the application of this Subclause is returned as CANDIDATE
NEW ROW.

2) Let CNR be a copy of SR.
NOTE 695— CNR has the same number of columns as SR, each having the same column name and the same declared
type as the corresponding column of SR.

3) Let N be the number of <set clause>s in SCL. For each <set clause> SCi, 1 (one) ≤ i ≤ N, in SCL:

a) Let UTi be the <update target> contained in SCi, let OCi be the column in CNR corresponding
to the <object column> contained in UTi, let USi be the <update source> contained in SCi, and
let UVi be the update value specified by USi.

b) The value of OCi is replaced as follows.

Case:
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i) If UTi immediately contains a <simple value specification>, then

NOTE 696— This condition indicates that the target is an array element, e.g., COL2[7].

Case:

1) If the value of OCi is the null value, then an exception condition is raised: data
exception— null value in array target (2200E).

2) Otherwise:

A) Let N be the maximum cardinality of OCi.

B) LetM be the cardinality of the value of OCi.

C) Let kbe the value of the <simple value specification> immediately contained
in UTi.

D) Let EDT be the element type of OCi.

E) Case:

I) If k is greater than zero and less than or equal toM, then the value
ofOCi is replacedby an arrayAwith element typeEDT and cardinality
M derived as follows:

1) For j varying from 1 (one) to k−1 and from k+1 toM, the j-th
element in A is the value of the j-th element in OCi.

2) The General Rules of Subclause 9.2, “Store assignment”, are
applied with Ak as TARGET and UVi as VALUE.

II) If k is greater thanM and less than or equal to N, then the value of
OCi is replaced by an array Awith element type EDT and cardinality
k derived as follows:

1) For j varying from1 (one) toM, the j-th element inA is the value
of the j-th element in OCi.

2) For j varying fromM+1 to k−1, the j-th element in A is the null
value.

3) The General Rules of Subclause 9.2, “Store assignment”, are
applied with Ak as TARGET and UVi as VALUE.

III) Otherwise, an exception condition is raised: data exception— array
element error (2202E).

ii) 15The General Rules of Subclause 9.2, “Store assignment”, are applied with OCi as
TARGET and UVi as VALUE.

4) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause,
which receives CNR as CANDIDATE NEW ROW.

Conformance Rules

None.
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15.6 Effect of a positioned delete

Function

Specify the effect of a positioned delete.

Subclause Signature

“Effect of a positioned delete” [General Rules] (
  Parameter: “CURSOR”, 
  Parameter: “STATEMENT”, 
  Parameter: “TARGET”
)

CURSOR— a cursor instance descriptor.

STATEMENT— a <delete statement: positioned>, <dynamic delete statement: positioned>, or <pre-
parable dynamic delete statement: positioned>.

TARGET—unless TARGET containsONLY, rows in subtables of the virtual table identifiedbyCURSOR
are also to be deleted.

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let CR be the CURSOR, let DSP be the STATEMENT, and let TT be the TARGET in an application of
the General Rules of this Subclause.

2) If the transaction accessmode of the current SQL-transaction or the transaction accessmode of the
branch of the current SQL-transaction at the current SQL-connection is read-only, and not every
leaf generally underlying table of CR is a temporary table, then an exception condition is raised:
invalid transaction state — read-only SQL-transaction (25006).

3) If there is any sensitive cursor SCR, other than CR, that is currently open in the SQL-transaction in
which DSP is being executed, then

Case:

a) If SCR has not been held into a subsequent SQL-transaction, then either the change resulting
from the successful execution ofDSP ismade visible to SCR or an exception condition is raised:
cursor sensitivity exception— request failed (36002).

b) Otherwise, whether the change resulting from the successful execution ofDSP is made visible
to SCR is implementation-defined (IA233).
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4) If there is any insensitive cursor ICR, other than CR, that is currently open, then either the change
resulting from the successful execution ofDSP is invisible to ICR, or an exception condition is raised:
cursor sensitivity exception— request failed (36002).

5) The extent to which an SQL-implementationmay disallow independent changes that are not signi-
ficant is implementation-defined (IA234).

6) If CR is not positioned on a row, then an exception condition is raised: invalid cursor state (24000).

7) If CR is a holdable cursor and a <fetch statement> has not been issued against CRwithin the current
SQL-transaction, then an exception condition is raised: invalid cursor state (24000).

8) Let T be the simply underlying table specification of CR and let LUT be the target leaf underlying
table of T.

9) Let R be the current row of CR. Exactly one row R1 in LUT such that each field in R is identical to
the corresponding field in R1 is identified for deletion from LUT.

NOTE 697— In casemore than one row R1 satisfies the stated condition, it is implementation-dependentwhich one
is identified for deletion.

NOTE 698— Identifying a row for deletion is an implementation-dependent mechanism.

10) Whether the current row is removed from the sequence of rows of the result set descriptor of CR
is implementation-defined (IA170).

11) Case:

a) If LUT is a base table, then:

i) Case:

1) IfTT specifiesONLY, thenLUT is identified for deletionprocessingwithout subtables.

2) Otherwise, LUT is identified for deletion processing with subtables.
NOTE 699— Identifying a base table for deletion processing, with or without subtables, is an imple-
mentation-dependent mechanism.

ii) The General Rules of Subclause 15.8, “Effect of deleting rows from base tables”, are
applied.

b) If LUT is a viewed table, then the General Rules of Subclause 15.10, “Effect of deleting some
rows from a viewed table”, are applied with TT as VIEW NAME.

12) If, while CR is open, the row from which the current row of CR is derived has been marked for
deletion by any <delete statement: searched>, by any <delete statement: positioned>, <dynamic
delete statement: positioned>, or <preparable dynamic delete statement: positioned> that identifies
any cursor other than CR, or by any <merge statement>, or has been updated by any <update
statement: searched>, by any <update statement: positioned>, <dynamic update statement: posi-
tioned>, or <preparable dynamic update statement: positioned> that identifies any cursor other
than CR, or by any <merge statement>, then a completion condition is raised:warning— cursor
operation conflict (01001).

13) If the execution of DSP deleted the last row of CR, then the position of CR is after the last row; oth-
erwise, the position of CR is before the next row.

14) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.

Conformance Rules

None.
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15.7 Effect of a positioned update

Function

Specify the effect of a positioned update.

Subclause Signature

“Effect of a positioned update” [General Rules] (
  Parameter: “CURSOR”, 
  Parameter: “SET CLAUSE LIST”, 
  Parameter: “STATEMENT”, 
  Parameter: “TARGET”
)

CURSOR— a cursor instance descriptor.

SET CLAUSE LIST— a list of <set clause>s as specified in STATEMENT.

STATEMENT— an <update statement: positioned>, <dynamic update statement: positioned>, or
<preparable dynamic update statement: positioned>.

TARGET—unless TARGET containsONLY, rows in subtables of the virtual table identifiedbyCURSOR
are also to be updated.

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let CR be the CURSOR, let SCL be the SET CLAUSE LIST, let USP be the STATEMENT, and let TT be
the TARGET in an application of the General Rules of this Subclause.

2) If the transaction accessmode of the current SQL-transaction or the transaction accessmode of the
branch of the current SQL-transaction at the current SQL-connection is read-only and not every
leaf generally underlying table of CR is a temporary table, then an exception condition is raised:
invalid transaction state — read-only SQL-transaction (25006).

3) If there is any sensitive cursor SCR, other than CR, that is currently open in the SQL-transaction in
which USP is being executed, then

Case:

a) If SCR has not been held into a subsequent SQL-transaction, then either the change resulting
from the successful execution ofUSP ismade visible to SCR or an exception condition is raised:
cursor sensitivity exception— request failed (36002).

b) Otherwise, whether the change resulting from the successful execution ofUSP is made visible
to SCR is implementation-defined (IA233).
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4) If there is any insensitive cursor ICR, other than CR, that is currently open, then either the change
resulting from the successful execution ofUSP is invisible to ICR, or an exception condition is raised:
cursor sensitivity exception— request failed (36002).

5) The extent to which an SQL-implementationmay disallow independent changes that are not signi-
ficant is implementation-defined (IA234).

6) If CR is not positioned on a row, then an exception condition is raised: invalid cursor state (24000).

7) If CR is a holdable cursor and a <fetch statement> has not been issued against CRwithin the current
SQL-transaction, then an exception condition is raised: invalid cursor state (24000).

8) An object row is any row of a base table from which the current row of CR is derived.

9) If,whileCR is open, an object rowhas beenmarked for deletionby any<delete statement: searched>,
by any <delete statement: positioned>, <dynamic delete statement: positioned>, or <preparable
dynamic delete statement: positioned> that identifies any cursor other than CR, or by <merge
statement>, or has been updated by any <update statement: searched>, any <update statement:
positioned>, <dynamic update statement: positioned>, or <preparable dynamic update statement:
positioned> that identifies any cursorother thanCR, or by any<merge statement>, thena completion
condition is raised:warning— cursor operation conflict (01001).

10) The value associated with DEFAULT is the default value for the <object column> in the containing
<set clause> contained in SCL, as indicated in theGeneral Rules of Subclause 11.5, “<default clause>”.

11) Each <update source> contained in SCL is effectively evaluated for the current row before any of
the current row’s object rows is updated.

12) CR remains positioned on its current row, even if an exception condition is raised during evaluation
of any <update source>.

13) The General Rules of Subclause 15.5, “Evaluating a <set clause list>”, are applied with the current
row of CR as SUBJECT ROW and SCL as SET CLAUSE LIST; let CNR be the CANDIDATE NEW ROW
returned from the application of those General Rules

NOTE 700— The data values allowable in an object row can be constrained by a WITH CHECK OPTION constraint.
The effect of a WITH CHECK OPTION constraint is defined in the General Rules of Subclause 15.17, “Checking of
views that specify CHECK OPTION”.

14) Let SUTS be the simply underlying table specification of CR, let T be the table identified by SUTS,
and let LUT be the target leaf underlying table of SUTS.

15) Let CL be the columns of T identified by the <object column>s contained in SCL.

16) Let R1 be CNR and let R be the current row of CR. Exactly one row TR in T, such that the value of
each field in R that is derived from one or more fields in TR is identical to the corresponding value
that is derived from the same one ormore fields inTR is identified for replacement inT. The current
row R of CR is replaced by R1. Let TR1 be a row consisting of the fields of R1 and the fields of TR
that have no corresponding fields in R1, ordered according to the order of their corresponding
columns in T. TR1 is the replacement row for TR and { ( TR, TR1 ) } is the replacement set for
T.

NOTE 701— In casemore than one row R1 satisfies the stated condition, it is implementation-dependentwhich one
is identified for replacement.

NOTE702—Identifying a row for replacement, associating a replacement rowwith an identified row, and associating
a replacement set with a table are implementation-dependent mechanisms.

17) Case:

a) If LUT is a base table, then:

i) Case:
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If TT specifies ONLY, then LUT is identified for replacement processing without
subtableswith respect to object columns CL.

1)

2) Otherwise,LUT is identified for replacement processingwith subtableswith respect
to object columns CL.

NOTE 703— Identifying a base table for replacement processing, with or without subtables, is an
implementation-dependent mechanism. In general, though not here, the list of object columns can
be empty.

ii) The General Rules of Subclause 15.14, “Effect of replacing rows in base tables”, are
applied.

b) If LUT is a viewed table, then:

i) TheGeneral Rules of Subclause 15.16, “Effect of replacing some rows in a viewed table”,
are applied with TT as VIEW NAME and the replacement set for T as REPLACEMENT
SET FOR VIEW NAME.

ii) TheGeneral Rules of Subclause15.17, “Checkingof views that specify CHECKOPTION”,
are applied with UPDATE as OPERATION.

18) If a column C of a base table ismodified, and the evaluation of the <value expression> of some <sort
key> simply contained in the <query expression> of the <cursor specification> of CR references C,
then the position of CR is implementation-dependent (US047).

19) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.

Conformance Rules

None.
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15.8 Effect of deleting rows from base tables
This Subclause is modified by Subclause 13.1, “Effect of deleting rows from base tables”, in ISO/IEC 9075-9.

Function

Specify the effect of deleting rows that have been marked for deletion from one or more base tables.
NOTE 704— The rows to be deleted have beenmarked for deletion as a result of processing <delete statement: searched>
and <merge statement>, as well as General Rules in other Subclauses in Clause 15, “Additional data manipulation rules”.

Subclause Signature

“Effect of deleting rows from base tables” [General Rules] ()

Syntax Rules

None.

Access Rules

None.

General Rules

1) The General Rules of this Subclause are applied without any symbolic arguments.

2) Let TT be the set consisting of every base table that is identified for deletion processing, with or
without subtables. Let S be the set consisting of every row identified for deletion in some table in
TT.

3) Let TT2 be the set consisting of the following tables:

a) Every supertable of every table in TT.

b) Every subtable of every table in TT that is identified for deletion processing with subtables.
NOTE 705—The purpose of deletion processingwith subtables for a table T is to ensure that statement-level
triggers arefired for theproper subtables ofT, even if the rows identified for deletionhavenoproper subrows.

4) For every row R in S:

a) Every superrow SR of R is identified for deletion from the base table BT containing SR.

b) If the table containingR is identified for deletionprocessingwith subtables, then every subrow
SR of R is identified for deletion from the base table BT containing SR.

5) Let SSC be the set of state changes in the most recent statement execution context.

6) For every table ST in TT2,

Case:

a) If a state change SC exists in SSCwith subject table ST and trigger event DELETE, then one
copy each of every rowof ST that is identified for deletion in ST is added to the set of transitions
of SC.
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b) Otherwise, a state change SC is added to SSC as follows:

i) The set of transitions of SC consists of one copy each of every rowof ST that is identified
for deletion in ST.

ii) The trigger event of SC is DELETE.

iii) The subject table of SC is ST.

iv) The column list of SC is empty.

v) The set of statement-level triggers for which SC is considered as executed is empty.

vi) The set of row-level triggers consists of each row-level trigger that is activated by SC,
paired with the empty set (of rows considered as executed).

7) The General Rules of Subclause 15.19, “Execution of BEFORE triggers”, are applied with SSC as SET
OF STATE CHANGES.

8) 09Every row that is identified for deletion in some table in TT2 is marked for deletion. These rows
are no longer identified for deletion, nor are their containing tables identified for deletionprocessing
(with or without subtables).

NOTE 706— “Marking for deletion” is an implementation-dependent mechanism.

9) For every row BR that has an associated for portion of from-value and the associated for portion
of to-value in S:

a) Let ATPN be the period name included in the application-time period descriptor included in
the descriptor of T. Let FROMVAL be the associated for portion of from-value. Let TOVAL be
the associated for portion of to-value. Let BSTARTVAL be the value of the ATPN period start
column. Let BCD be the declared type of the ATPN period start column. Let BENDVAL be the
value of the ATPN period end column. Let TN be the table name included in the descriptor of
T. Let d be the degree of BR.

b) For i, 1 (one) ≤ i ≤ d:

Case:

i) If the column descriptor that corresponds to the i-th field of BR describes an identity
column, a generated column, a system-time period start column, or a system-time
period end column, then let Vi be DEFAULT.

ii) Otherwise, let Vi be the value of the i-th field of BR.

c) If BSTARTVAL < FROMVAL and FROMVAL < BENDVAL, then:

i) For j, 1 (one) ≤ j ≤ d,

Case:

1) If the j-th field of BR corresponds to the ATPN period end column of T, then let
VLj be CAST ( FROMVAL AS BCD ).

2) Otherwise, let VLj be Vj.

ii) The following <insert statement> is effectively executed without further Access Rule
and constraint checking:

INSERT INTO TN VALUES (VL1, ..., VLd)

NOTE 707— Constraint checking is performed at the end of the triggering DELETE statement.
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d) If BSTARTVAL < TOVAL and TOVAL < BENDVAL, then:

i) For k, 1 (one) ≤ k ≤ d,

Case:

1) If the k-th field of BR corresponds to the ATPN period start column of T, then let
VRk be CAST ( TOVAL AS BCD ).

2) Otherwise, let VRk be Vk.

ii) The following <insert statement> is effectively executed without further Access Rule
and constraint checking:

INSERT INTO TN VALUES (VR1, ..., VRd)

NOTE 708— Constraint checking is performed at the end of the triggering DELETE statement.

Conformance Rules

None.
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15.9 Effect of deleting some rows from a derived table

Function

Specify the effect of deleting some rows from a derived table.

Subclause Signature

“Effect of deleting some rows from a derived table” [General Rules] (
  Parameter: “TABLE”
)

TABLE— a derived table.

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let QE be the TABLE in an application of the General Rules of this Subclause.

2) Let T be the result of evaluating QE.

3) Case:

a) IfQE simply contains a<queryprimary> that immediately contains a<query expressionbody>,
then letQEBbe that <query expression body>. TheGeneral Rules of this Subclause are applied
with the table identified by QEB as TABLE.

b) If QE simply contains a <query expression body> QEB that specifies UNION ALL, then let LO
and RO be the <query expression body> and the <query term>, respectively, that are immedi-
ately contained in QEB. Let T1 and T2 be the tables identified by LO and RO, respectively.

i) For every row R in T that has been identified for deletion, let RD be the row in either
T1orT2 fromwhichRhas beenderived and letTDbe that table. IdentifyRD for deletion.

ii) The General Rules of this Subclause are applied with LO as TABLE.

iii) The General Rules of this Subclause are applied with RO as TABLE.

c) Otherwise, let QS be the <query specification> simply contained in QE. Let TE be the <table
expression> immediately contained inQS, andTREFbe the<table reference>s simply contained
in the <from clause> of TE.

i) Case:

1) IfTREF contains only one<table reference>, then letTR1be that <table reference>,
and letm be 1 (one).
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2) Otherwise, letm be the number of <table reference>s that identify tables with
respect to which QS is one-to-one. Let TRi, 1 (one) ≤ i ≤m, be those <table refer-
ence>s.

NOTE 709— The notion of one-to-one <query specification>s is defined in Subclause 7.16,
“<query specification>”.

ii) Let TTi, 1 (one) ≤ i ≤m, be the table identified by TRi.

iii) For every rowR ofT that has been identified for deletion, and for i ranging from1 (one)
tom, let RD be the row in TTi from which R has been derived. Identify that RD for
deletion.

iv) For i ranging from 1 (one) tom,

Case:

1) If TTi is a base table, then

Case:

A) If TRi specifies ONLY, then TTi is identified for deletion processing without
subtables.

B) Otherwise, TTi is identified for deletion processing with subtables.

2) If TTi is a viewed table, then the General Rules of Subclause 15.10, “Effect of
deleting some rows from a viewed table”, are applied with the <table name> of
TTi as VIEW NAME.

3) Otherwise, the General Rules of this Subclause are applied with TRi as TABLE.

v) The General Rules of Subclause 15.8, “Effect of deleting rows from base tables”, are
applied.

4) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.

Conformance Rules

None.
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15.10 Effect of deleting some rows from a viewed table

Function

Specify the effect of deleting some rows from a viewed table.

Subclause Signature

“Effect of deleting some rows from a viewed table” [General Rules] (
  Parameter: “VIEW NAME”
)

VIEW NAME— the name of a view.

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let VN be the VIEW NAME in an application of the General Rules of this Subclause.

2) Let V be the viewed table identified by VN.

3) Case:

a) If V is trigger deletable, then:

i) Let TR be the delete INSTEAD OF trigger whose subject table is V.

ii) A state change SC is created as follows:

1) The set of transitions of SC consists of one copy each of every row of V that is
identified for deletion.

2) The trigger event of SC is DELETE.

3) The subject table of SC is V.

4) The column list of SC is empty.

5) The set of statement-level triggers forwhich SC is considered as executed is empty.

6) The set of row-level triggers consists of TR paired with the empty set (of rows
considered as executed).

iii) The General Rules of Subclause 15.21, “Execution of triggers”, are applied with TR as
TRIGGER and SC as STATE CHANGE.

b) Otherwise:
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i) If VN specifies ONLY, then let QE be the original <query expression> included in the
descriptor of the view V identified by VN; otherwise, let QE be the hierarchical <query
expression> contained in that descriptor. Let T be the result of evaluating QE.

ii) For each row R of V that has been identified for deletion, let RD be the row in T from
which R has been derived; identify that row for deletion.

iii) The General Rules of Subclause 15.9, “Effect of deleting some rows from a derived
table”, are applied with QE as TABLE.

4) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.

Conformance Rules

None.
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15.11 Effect of inserting tables into base tables
This Subclause is modified by Subclause 13.2, “Effect of inserting tables into base tables”, in ISO/IEC 9075-9.

Function

Specify the effect of inserting each of one or more given tables into its associated base table.

Subclause Signature

“Effect of inserting tables into base tables” [General Rules] (
  Parameter: “SOURCE”, 
  Parameter: “TARGET”
)

SOURCE— a derived table that is the source for insertions into TARGET.

TARGET— a base table into which rows are to be inserted.

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let S be the SOURCE and letT be theTARGET in an application of the General Rules of this Subclause.

2) Let SSC be the set of state changes in the most recent statement execution context.

3) For each base table T that is identified for insertion, let S be the source table for T.

a) If some column IC of T is the identity column of T, then for each row in Swhose site ICS corres-
ponding to IC is marked as unassigned:

i) ICS is no longer marked as unassigned.

ii) The General Rules of Subclause 9.35, “Generation of the next value of a sequence gen-
erator”, are applied with the sequence generator descriptor included in the column
descriptor of IC as SEQUENCE; let NV be the RESULT returned from the application of
those General Rules.

Case:

1) If the declared type of IC is a distinct type DIST, then let ICNV be DIST(NV).

2) Otherwise, let ICNV be NV.

iii) TheGeneral Rules of Subclause 9.2, “Store assignment”, are appliedwith ICS asTARGET
and ICNV as VALUE.
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b) If some column IC of T is the system-time period start column of T, then for each row in S
whose site ICS corresponding to IC is marked as unassigned:

i) ICS is no longer marked as unassigned.

ii) Let NV be the transaction timestamp of the current SQL-transaction. Let DT be the
declared type of the system-time period start column of T. Let NVV be the result of

CAST (NV AS DT)

iii) TheGeneral Rules of Subclause 9.2, “Store assignment”, are appliedwith ICS asTARGET
and NVV as VALUE.

c) If some column IC ofT is the system-timeperiod end columnofT, then for each row in Swhose
site ICS corresponding to IC is marked as unassigned:

i) ICS is no longer marked as unassigned.

ii) Let NV be the highest value supported by the declared type of the system-time period
end column of T.

iii) TheGeneral Rules of Subclause 9.2, “Store assignment”, are appliedwith ICS asTARGET
and NV as VALUE.

d) Every proper supertable ST of T is identified for insertion. A source table for insertion into
each ST is constructed as follows:

i) Let S be the source table for the insertion into T. Let TVC be some <table value con-
structor> whose value is S.

ii) Let n be the number of column descriptors included in the table descriptor of ST and
let CDi, 1 (one) ≤ i ≤ n, be those column descriptors. Let SL be a <select list> containing
n <select sublist>s such that, for i ranging from 1 (one) to n, the i-th <select sublist>
consists of the column name included in CDi.

iii) The source table for insertion into ST consists of the rows in the result of the <query
expression>:

SELECT SL FROM TVC

4) For every base table BT that is identified for insertion,

Case:

a) If a state change SC exists in SSCwith subject tableBT and trigger event INSERT, then the rows
in the source table for BT are added to the set of transitions of SC.

b) Otherwise, a state change SC is added to SSC as follows:

i) The set of transitions of SC consists of the rows in the source table for BT.

ii) The trigger event of SC is INSERT.

iii) The subject table of SC is BT.

iv) The column list of SC is empty.

v) The set of statement-level triggers for which SC is considered as executed is empty.

vi) The set of row-level triggers consists of each row-level trigger that is activated by SC,
paired with the empty set (of rows considered as executed).
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5) The General Rules of Subclause 15.19, “Execution of BEFORE triggers”, are applied with SSC as SET
OF STATE CHANGES.

6) For every state change SC in SSC, let SOT be the set of transitions in SC and let BT be the subject
table of SC.

a) In each row R in SOT, for each site GCS in R corresponding to a generated column GC, let GCR
be the result of evaluating, for R, the generation expression included in the column descriptor
ofGC. The General Rules of Subclause 9.2, “Store assignment”, are appliedwithGCS asTARGET
and GCR as VALUE.

b) Case:

i) If BT has no new delta table of insert operation on BT, then SOT is the new delta table
of insert operation on BT.

ii) Otherwise, the rows of SOT are added to the new delta table of insert operation on BT.
NOTE710—The latter scenario can arise during a<merge statement> that hasmore thanone<merge
insert specification>.

c) Every row in SOT is inserted into BT.

7) For every pair of base tables BT1 and BT2 identified for insertion, if BT1 is a direct subtable of BT2,
then the new delta table of insert operation on BT1 is a direct subtable of the new delta table of
insert operation on BT2.

8) 09 For every base table BT identified for insertion, BT is no longer identified for insertion.

9) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.

Conformance Rules

None.
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15.12 Effect of inserting a table into a derived table

Function

Specify the effect of inserting a table into a derived table.

Subclause Signature

“Effect of inserting a table into a derived table” [General Rules] (
  Parameter: “SOURCE”, 
  Parameter: “TARGET”
)

SOURCE— a derived table that is the source for insertions into TARGET.

TARGET— a derived table into which rows are to be inserted.

Syntax Rules

None.

Access Rules

None.

General Rules

1) LetQbe the SOURCE and letTbe theTARGET in an applicationof theGeneral Rules of this Subclause.

2) Let QE be the <query expression> included in the descriptor of T.

Case:

a) IfQE simply contains a<queryprimary> that immediately contains a<query expressionbody>,
then letQEBbe that <query expression body>. TheGeneral Rules of this Subclause are applied
with Q as SOURCE and the result of QEB as TARGET.

b) Otherwise, let QS be the <query specification> simply contained in QE. Let TE be the <table
expression> immediately contained inQS, andTREFbe the<table reference>s simply contained
in the <from clause> of TE. Let SL be the <select list> immediately contained in QS, and n be
the number of <value expression>s VEj, 1 (one) ≤ j ≤ n, simply contained in SL.

i) Case:

1) IfTREF contains only one<table reference>, then letTR1be that <table reference>,
and letm be 1 (one).

2) Otherwise, letm be the number of <table reference>s that identify tables with
respect to which QS is one-to-one. Let TRi, 1 (one) ≤ i ≤m, be those <table refer-
ence>s.

ii) Let TTi, 1 (one) ≤ i ≤m, be the table identified by TRi, and let Si be an initially empty
table of candidate rows for TTi.
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iii) For every row R of Q, and for i ranging from 1 (one) tom:

1) A candidate row of TTi is effectively created in which the value of each column is
its default value, as specified the General Rules of Subclause 11.5, “<default
clause>”. The candidate row includes every column of TTi.

2) For j ranging from1 (one) to n, let C be a columnof some candidate row identified
by VEj, and let SV be the j-th value of R. The General Rules of Subclause 9.2, “Store
assignment”, are applied with C as TARGET and SV as VALUE

3) The candidate row is added to the corresponding Si.

iv) For i ranging from 1 (one) tom,

Case:

1) If TTi is a base table, then TTi is identified for insertion of source table Si.

2) If TTi is a viewed table, the General Rules of Subclause 15.13, “Effect of inserting
a table into a viewed table”, are applied with Si as SOURCE and TTi as TARGET.

3) Otherwise, the General Rules of this Subclause are appliedwith Si as SOURCE and
TTi as TARGET.

v) The General Rules of Subclause 15.11, “Effect of inserting tables into base tables”, are
applied.

3) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.

Conformance Rules

None.
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15.13 Effect of inserting a table into a viewed table

Function

Specify the effect of inserting a table into a viewed table.

Subclause Signature

“Effect of inserting a table into a viewed table” [General Rules] (
  Parameter: “SOURCE”, 
  Parameter: “TARGET”
)

SOURCE— a derived table that is the source for insertions into TARGET.

TARGET— a view into which rows are to be inserted.

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let S be the SOURCE and letT be theTARGET in an application of the General Rules of this Subclause.

2) Let TD be the view descriptor of T. Let QE be the original <query expression> included in TD.

3) Case:

a) If T is trigger insertable-into, then:

i) Let TR be the insert INSTEAD OF trigger whose subject table is T.

ii) A state change SC is created as follows:

1) The set of transitions of SC consists of one copy each of every row of S.

2) The trigger event of SC is INSERT.

3) The subject table of SC is T.

4) The column list of SC is empty.

5) The set of statement-level triggers forwhich SC is considered as executed is empty.

6) The set of row-level triggers consists of TR paired with the empty set (of rows
considered as executed).

iii) The General Rules of Subclause 15.21, “Execution of triggers”, are applied with TR as
TRIGGER and SC as STATE CHANGE.

b) Otherwise:
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i) If TD indicates CHECK OPTION, then TD is added to the set of views to be checked in
the current statement execution context.

ii) The General Rules of Subclause 15.12, “Effect of inserting a table into a derived table”,
are applied with S as SOURCE and T as TARGET.

4) Let n be the number of target leaf generally underlying tables of QE. Let Ti, 1 (one) ≤ i ≤ n, be the
target leaf generally underlying tables of QE. LetNTi, 1 (one) ≤ i ≤ n, be the new delta table of insert
operation on Ti. Let S be the result of evaluating QEwith every reference to Ti, 1 (one) ≤ i ≤ n, being
replaced with a reference to NTi. S is the new delta table of insert operation on T.

5) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.

Conformance Rules

None.
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15.14 Effect of replacing rows in base tables
This Subclause is modified by Subclause 13.3, “Effect of replacing rows in base tables”, in ISO/IEC 9075-9.

Function

Specify the effect of replacing rows that have been marked for replacement in one or more base tables.
NOTE 711— The rows to be replaced have beenmarked for replacement as a result of processing <merge statement> and
<update statement: searched>, as well as General Rules in other Subclauses in Clause 15, “Additional data manipulation
rules”.

Subclause Signature

“Effect of replacing rows in base tables” [General Rules] ()

Syntax Rules

None.

Access Rules

None.

General Rules

1) The General Rules of this Subclause are applied without any symbolic arguments.

2) Let TT be the set consisting of every base table that is identified for replacement processing, with
or without subtables. Let S be the set consisting of every row identified for replacement in every
table in TT.

3) Let TT2 be the set comprising the following tables:

a) Every supertable of every table in TT.

b) Every subtable of every table inTT that is identified for replacementprocessingwith subtables.
NOTE 712—The purpose of replacement processingwith subtables for a table T is to ensure that statement-
level triggers are fired for the proper subtables ofT, even if the rows identified for replacement havenoproper
subrows.

4) For every base table T in TT:

a) Let OC(T) be the set consisting of the name of every object column with respect to which T is
identified for replacement processing and the name of every generated column of T that
depends on at least one of these object columns.

b) For every table ST in TT2 that is a subtable or supertable of T, let OC(ST) be the intersection
(possibly empty) of OC(T) and the set of names of the columns of ST.

5) For every row R that is identified for replacement in some table T in TT, every row SR that is a
proper subrow or a proper superrow of R is identified for replacement in the base table ST that
contains SR. The replacement set RST for ST is derived from the replacement set RR for T as follows.

Case:
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a) If ST is a subtable of T, then each replacement row in RST is the corresponding replacement
row in RR extended with those fields of the corresponding identified row in ST that have no
corresponding column in T.

b) If ST is a supertable of T, then each replacement row in RST is the corresponding replacement
row in RRminus those fields that have no corresponding column in ST.

6) Let SSC be the set of state changes in the most recent statement execution context.

7) For every table ST in TT2:

a) If some column IC of T is the identity column of ST, then, for each row RR identified for
replacement in STwhose site ICS corresponding to IC in the replacement row forRR ismarked
as unassigned:

i) ICS is no longer marked as unassigned.

ii) The General Rules of Subclause 9.35, “Generation of the next value of a sequence gen-
erator”, are applied with the sequence generator descriptor included in the column
descriptor of IC as SEQUENCE; let NV be the RESULT returned from the application of
those General Rules.

Case:

1) If the declared type of IC is a distinct type DIST, then let ICNV be DIST(NV).

2) Otherwise, let ICNV be NV.

iii) TheGeneral Rules of Subclause 9.2, “Store assignment”, are appliedwith ICS asTARGET
and ICNV as VALUE.

b) Let TL be the set consisting of the names of the columns of ST. For every subset STL of TL such
that either STL is empty or the intersection of STL and OC(ST) is not empty,

Case:

i) If a state change SC exists in SSCwith subject table ST, trigger event UPDATE, and
column list STL, then the row pairs formed by pairing each row identified for replace-
ment in STwith its corresponding replacement row are added to the set of transitions
of SC.

ii) Otherwise, a state change SC is added to SSC as follows:

1) The set of transitions of SC consists of row pairs formed by pairing each row
identified for replacement in STwith its corresponding replacement row.

2) The trigger event of SC is UPDATE.

3) The subject table of SC is ST.

4) The column list of SC is STL.

5) The set of statement-level triggers forwhich SC is considered as executed is empty.

6) The set of row-level triggers consists of each row-level trigger that is activated
by SC, paired with the empty set (of rows considered as executed).

8) The General Rules of Subclause 15.19, “Execution of BEFORE triggers”, are applied with SSC as SET
OF STATE CHANGES.

9) For each set of transitions RST in each state change SC in SSC, in each row R in RST, for each site
GCS in R corresponding to a generated column GC in the subject table of SC, let GCR be the result of
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evaluating, for R, the generation expression included in the column descriptor of GC. The General
Rules of Subclause 9.2, “Store assignment”, are applied with GCS as TARGET and GCR as VALUE.

10) 09 For every table T in TT2,

Case:

a) If the descriptor of T includes a system-time period descriptor, then:

i) Let START be the system-time period start column of T and let END be the system-time
period end column of T. Let DT be the declared type of START.

ii) Let TTS be the transaction timestamp of the current SQL-transaction. Let CTTS be the
result of

CAST (TTS AS DT)

iii) For every row R that is identified for replacement in T, let STARTVAL be the value of
system-time period start column.

1) Case:

A) If CTTS < STARTVAL, then an exception condition is raised: data exception
— invalid row version (2201H).

B) If CTTS = STARTVAL, then R is replaced by its corresponding replacement
row.

C) Otherwise:

I) If T is a system-versioned table, then a copy of Rwith the value of
END effectively replaced by CTTS is inserted into T.

II) R is replaced by its corresponding replacement row with the value
of START effectively replaced by CTTS.

2) R is no longer identified for replacement.T is no longer identified for replacement
processing, with or without subtables.

iv) Let SUP be the set consisting of every replacement row of every R. SUP is the new delta
table of update operation on T.

b) Otherwise, for every row R that is identified for replacement in T, R is replaced by its corres-
ponding replacement row. R is no longer identified for replacement. T is no longer identified
for replacement processing, with or without subtables. Let SUP be the set consisting of every
replacement row of every R.

Case:

i) IfThas nonewdelta table of update operation, then SUP is thenewdelta table of update
operation on T.

ii) Otherwise, the rows of SUP are added to the new delta table of update operation on T.
NOTE 713— The latter scenario can arise when updating a view Vwith proper subtables, since this
Subclause will be invoked for each operand of a UNION ALL CORRESPONDING in the hierarchical
<query expression>ofV. It can also arise during a <merge statement> that hasmore than one <merge
update specification>.

11) For every pair of tables T1 and T2 in TT2, if T1 is a direct subtable of T2, then the new delta table
of update operation on T1 is a direct subtable of the new delta table of update operation on T2.
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12) For every row BR that has an associated for portion of from-value and the associated for portion
of to-value in S:

a) Let ATPN be the period name included in the application-time period descriptor included in
the descriptor of T. Let FROMVAL be the associated for portion of from-value. Let TOVAL be
the associated for portion of to-value. Let BSTARTVAL be the value of the ATPN period start
column. Let BCD be the declared type of the ATPN period start column. Let BENDVAL be the
value of the ATPN period end column. Let TN be the table name included in the descriptor of
T. Let d be the degree of BR.

b) For i, 1 (one) ≤ i ≤ d:

Case:

i) If the column descriptor that corresponds to the i-th field of BR describes an identity
column, a generated column, a system-time period start column, or a system-time
period end column, then let Vi be DEFAULT.

ii) Otherwise, let Vi be the value of the i-th field of BR.

c) If BSTARTVAL < FROMVAL and FROMVAL < BENDVAL, then:

i) For j, 1 (one) ≤ j ≤ d,

Case:

1) If the j-th field of BR corresponds to the ATPN period end column of T, then let
VLj be CAST ( FROMVAL AS BCD ).

2) Otherwise, let VLj be Vj.

ii) The following <insert statement> is effectively executed without further Access Rule
and constraint checking:

INSERT INTO TN VALUES (VL1, ..., VLd)

NOTE 714— Constraint checking is performed at the end of triggering UPDATE statement.

d) If BSTARTVAL < TOVAL and TOVAL < BENDVAL, then:

i) For k, 1 (one) ≤ k ≤ d,

Case:

1) If the k-th field of BR corresponds to the ATPN period start column of T, then let
VRk be CAST ( TOVAL AS BCD ).

2) Otherwise, let VRk be Vk.

ii) The following <insert statement> is effectively executed without further Access Rule
and constraint checking:

INSERT INTO TN VALUES (VR1, ..., VRd)

NOTE 715— Constraint checking is performed at the end of triggering UPDATE statement.

13) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.

Conformance Rules

None.
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15.15 Effect of replacing some rows in a derived table

Function

Specify the effect of replacing some rows in a derived table.

Subclause Signature

“Effect of replacing some rows in a derived table” [General Rules] (
  Parameter: “TABLE”, 
  Parameter: “REPLACEMENT SET FOR TABLE”
)

TABLE— a table.

REPLACEMENT SET FOR TABLE— a set of rows to be used to replace rows in TABLE.

Syntax Rules

None.

Access Rules

None.

General Rules

1) LetQEbe theTABLE and letRSbe theREPLACEMENTSETFORTABLE in an applicationof theGeneral
Rules of this Subclause.

2) Let T be the result of evaluating QE. Let CL be the object columns of QE.

3) Case:

a) IfQE simply contains a<queryprimary> that immediately contains a<query expressionbody>,
then letQEBbe that <query expression body>. TheGeneral Rules of this Subclause are applied
with QEB as TABLE and RS as REPLACEMENT SET FOR TABLE.

b) If QE simply contains a <query expression body> QEB that specifies UNION ALL, let LO and
RO be the <query expression body> and the <query term>, respectively, that are immediately
contained in QEB. Let T1 and T2 be the tables identified by LO and RO, respectively. Let the
object columns CL1 and CL2 be the columns of T1 and T2 that are underlying columns of the
object columns of CL, respectively. Let RS1 and RS2 be the initially empty replacement sets
for T1 and T2, respectively.

i) For every pair (SR, CNR) of RS,

Case:

1) If SRhasbeenderived froma rowofT1, then identify that row SR1 for replacement
by CNR; the pair (SR1, CNR) is effectively added to RS1.

2) Otherwise, let SR2 be the row of T2 fromwhich SR has been derived; identify that
row for replacement by CNR; the pair (SR2, CNR) is effectively added to RS2.
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ii) The General Rules of this Subclause are applied with LO as TABLE and RS1 as
REPLACEMENT SET FOR TABLE.

iii) The General Rules of this Subclause are applied with RO as TABLE and RS2 as
REPLACEMENT SET FOR TABLE.

c) Otherwise, let QS be the <query specification> simply contained in QE. Let TE be the <table
expression> immediately contained in QS, and let TREF be the <table reference>s simply
contained in the <from clause> of TE. Let SL be the <select list> immediately contained in QS,
and let n be the number of <value expression>s VEj, 1 (one) ≤ j ≤ n, simply contained in SL.

i) Case:

1) IfTREF contains only one<table reference>, then letTR1be that <table reference>,
and letm be 1 (one).

2) Otherwise, letm be the number of <table reference>s that identify tables with
respect to which QS is one-to-one. Let TRi, 1 (one) ≤ i ≤m, be those <table refer-
ence>s.

ii) Let TTi, 1 (one) ≤ i ≤m, be the table identified by TRi, let RSi be an initially empty
replacement set for TTi, and let CLi be the object column list of TTi, such that every
column of CLi is an underlying column of CL.

iii) For every pair (SR, CNR) of RS, and for i ranging from 1 (one) tom:

1) Let SRTI be the row of TTi from which SR has been derived.

2) A candidate row CNRI of TTi is effectively created by copying SRTI. The candidate
row includes every column of TTi.

3) For j ranging from1 (one) to n, let C be a columnof some candidate row identified
by VEj, and let SV be the j-th value of CNR. The General Rules of Subclause 9.2,
“Store assignment”, are applied with C as TARGET and SV as VALUE

4) Identify SRTI for replacement by CNRI; the pair (SRTI, CNRI) is effectively added
to RSi.

iv) For i ranging from 1 (one) tom

Case:

1) If TTi is a base table, then

Case:

A) If TRi specifies ONLY, then TTi is identified for replacement processing
without subtables with respect to the object columns CLi.

B) Otherwise,TTi is identified for replacement processingwith subtableswith
respect to the object columns CLi.

2) If TTi is a viewed table, then the General Rules of Subclause 15.16, “Effect of
replacing some rows in a viewed table”, are appliedwith the <table name> of TTi
as VIEW NAME and RSi as REPLACEMENT SET FOR VIEW NAME.

3) If TTi is a derived table, then the General Rules of this Subclause are applied with
TRi as TABLE and RSi as REPLACEMENT SET FOR TABLE.
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v) The General Rules of Subclause 15.14, “Effect of replacing rows in base tables”, are
applied.

4) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.

Conformance Rules

None.
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15.16 Effect of replacing some rows in a viewed table

Function

Specify the effect of replacing some rows in a viewed table.

Subclause Signature

“Effect of replacing some rows in a viewed table” [General Rules] (
  Parameter: “VIEW NAME”, 
  Parameter: “REPLACEMENT SET FOR VIEW NAME”
)

TABLE— a table.

REPLACEMENT SET FOR TABLE— a set of rows to be used to replace rows in TABLE.

VIEW NAME— the name of a view.

REPLACEMENTSETFORVIEWNAME—aset of rows tobeused to replace rows in theview identified
by VIEW NAME.

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let VN be the VIEW NAME and let RS be the REPLACEMENT SET FOR VIEW NAME in an application
of the General Rules of this Subclause.

2) Let T be the view identified by VN. Let TD be the view descriptor of T. If VN specifies ONLY, then let
QE be the original <query expression> included in TD; otherwise, let QE be the hierarchical <query
expression> included in TD.

3) Case:

a) If T is trigger updatable, then:

i) Let TR be the update INSTEAD OF trigger whose subject table is T.

ii) A state change SC is created as follows:

1) The set of transitions of SC consists of copies of row pairs in the replacement set
for T.

2) The trigger event of SC is UPDATE.

3) The subject table of SC is T.

4) The column list of SC is empty.
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5) The set of statement-level triggers forwhich SC is considered as executed is empty.

6) The set of row-level triggers consists of TR paired with the empty set (of rows
considered as executed).

iii) The General Rules of Subclause 15.21, “Execution of triggers”, are applied with TR as
TRIGGER and SC as STATE CHANGE.

b) Otherwise:

i) If TD indicates CHECK OPTION, then TD is added to the set of views to be checked in
the current statement execution context.

ii) TheGeneral Rules of Subclause 15.15, “Effect of replacing some rows in a derived table”,
are applied with QE as TABLE and RS as REPLACEMENT SET FOR TABLE.

4) Let n be the number of target leaf generally underlying tables of QE. Let Ti, 1 (one) ≤ i ≤ n be the
target leaf generally underlying tables ofQE. LetNTi, 1 (one) ≤ i ≤ n be the new delta table of update
operation on Ti. Let S be the result of evaluating QEwith every reference to Ti, 1 (one) ≤ i ≤ n, being
replaced with a reference to NTi. S is the new delta table of update operation on T.

5) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.

Conformance Rules

None.
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15.17 Checking of views that specify CHECK OPTION

Function

Check views that specify CHECK OPTION after an insert or update operation.

Subclause Signature

“Checking of views that specify CHECK OPTION” [General Rules] (
  Parameter: “OPERATION”
)

OPERATION— a data change operation (MERGE, INSERT, or UPDATE),

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let OP be the OPERATION in an application of the General Rules of this Subclause.

2) Let LOV be the set of views to checked in the current execution context.

3) If OP is MERGE, then for every target leaf underlying table TLUT of every view in LOV, the new delta
table of merge operation on TLUT is the multiset union of the new delta table of insert operation
on TLUT, if any, with the new delta table of update operation on TLUT, if any.

NOTE 716— If the <target table> of a <merge statement> identifies a view V, then the new delta table of merge
operation of V has been defined in the General Rules of Subclause 14.12, “<merge statement>”, but not for any of the
base tables that the <merge statement> targets. If the operation is INSERT or UPDATE, then the relevant new delta
table of the target table(s) has been defined in either Subclause 15.11, “Effect of inserting tables into base tables”,
or Subclause 15.14, “Effect of replacing rows in base tables”.

4) For every view V in LOV:

a) Let GGUTS be the graph of generally underlying table specifications of the original <query
expression> of V. Let N be one plus the number of generally underlying table specifications
in GGUTS that are views. Let V1 be V, and let V2, ..., VN be an enumeration of the views that are
generally underlying table specifications of V.

b) For all i, 1 (one) ≤ i ≤ N,

i) Let s(i) be the number of subviews of Vi.

NOTE 717— Every view is a subview of itself, therefore s(i) is at least 1 (one).

ii) For all j, 1 (one) ≤ j ≤ s(i), let SVi,j be an enumeration of the subviews of Vi, chosen so
that SVi,1 is Vi.

iii) For all j, 1 (one) ≤ j ≤ s(i),
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1) Let SVXi,j be a view descriptor that is a copy of the view descriptor of SVi,j.

2) The name of the view described by SVXi,j is set to a distinct effective view name
EVNi,j.

3) Case:

A) If j = 1 (one), then SVXi,j is set to indicate that it has no direct superview.

NOTE 718— V can have a proper superview, but only subviews matter for checking of
CHECK OPTION. Hence for each i, these rules construct a family of subviews whose
maximal superview is SVXi,1.

B) Otherwise, if the direct superview of SVi,j is SVi,k, then the direct superview
of SVXi,j is set to SVXi,k.

4) For every<table name>TN contained in the original <query expression>of SVXi,j:

Case:

A) If TN references some view SVf,g, then TN is replaced by EVNf,g.

NOTE719—That is, all viewnames in the copied viewdescriptors are renamed so that
they reference views in the set of copied view descriptors.

B) If TN references a base table BT and BT is a target leaf generally underlying
table of the hierarchical <query expression> of V, then

Case:

I) IfOP is INSERTandBThas a newdelta table of insert operationNDTI,
then TN is replaced by a distinct effective name for NDTI.

II) If OP is UPDATE and BT has a new delta table of update operation
NDTU, then TN is replaced by a distinct effective name for NDTU.

III) If OP is MERGE and BT has a new delta table of merge operation
NDTM, then TN is replaced by a distinct effective name for NDTU.

C) Otherwise, TN is not replaced.

5) If V specifies LOCAL CHECK OPTION and i > 1 (one), then every <where clause>
is removed from the original <query expression> of SVXi,j.

NOTE 720— If a target leaf underlying table TLUT of V is a view that also specifies CHECK
OPTION, then TLUT is in LOV and will be checked in its own right; there is no need to check it
when checking V. If V specifies CASCADED CHECK OPTION, then no <where clause>s are
removed, effectively checking all views that are target leaf underlying tables of V. Some views
can be redundantly checked twice because of these considerations.

c) The General Rules of Subclause 9.38, “Generation of the hierarchical <query expression> of
a view”, are applied with SVX1,1 as VIEW.

NOTE 721— This is the only hierarchical <query expression> that is required to check V. Note that V = V1 =
SV1,1, which was copied and edited to form SVX1,1. For i > 1 (one), only the original <query expression>s are
required, though there would be no harm in forming their hierarchical <query expression>s.

d) Let NVDX be the number of rows in

SELECT *
FROM EVN1,1

e) Let NDT be the number of rows in
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Case:

i) IfOP is INSERT, then the newdelta table of insert operation of the target leaf underlying
table of the original <query expression> of V.

ii) If OP is UPDATE, then the new delta table of update operation of the target leaf under-
lying table of the original <query expression> of V.

iii) IfOP isMERGE, then thenewdelta table ofmerge operation of the target leaf underlying
table of the original <query expression> of V.

f) IfNVDX does not equalNDT, then an exception condition is raised:with check option violation
(44000).

5) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.

Conformance Rules

None.
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15.18 Execution of referential actions

Function

Specify the effect of referential actions.

Subclause Signature

“Execution of referential actions” [General Rules] (
  Parameter: “CONSTRAINT”
)

CONSTRAINT— a referential constraint.

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let RC be the CONSTRAINT in an application of the General Rules of this Subclause.

2) RC is a referential constraint.

3) LetM be the <match type> of RC (either SIMPLE, PARTIAL, or FULL).

4) Let UR be the <update rule> of RC and let DR be the <delete rule> of RC.

5) Let FF be the referencing table of RC.

Case:

a) If FF is a system-versioned table, then let F be the result of

SELECT *
FROM FF FOR SYSTEM_TIME AS OF CURRENT_TIMESTAMP

b) Otherwise, let F be FF.

6) Case:

a) IfM specifies SIMPLE or FULL, then for a given row in the referenced table, every row that is
a subrow or a superrow of a row R in F such that the referencing column values equal the
corresponding referenced column values in R for the referential constraint is amatching row.

b) IfM specifies PARTIAL, then:

i) For a given row in the referenced table, every row that is a subrow or a superrow of a
row R in F such that R has at least one non-null referencing column value and the non-
null referencing column values ofR equal the corresponding referenced column values
for the referential constraint is amatching row.
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ii) For a given row in the referenced table, every matching row for that given row that is
a matching row only to the given row in the referenced table for the referential con-
straint is a unique matching row. For a given row in the referenced table, a matching
row for that given row that is not a unique matching row for that given row for the
referential constraint is a non-unique matching row.

7) For each row of the referenced table, its matching rows, unique matching rows, and non-unique
matching rowsaredetermined immediatelyprior to theexecutionof any<SQLprocedure statement>.
No newmatching rows are added during the execution of that <SQL procedure statement>.

The association between a referenced row and a non-unique matching row is dropped during the
execution of that SQL-statement if the referenced row is either marked for deletion or updated to
a distinct value on any referenced column that corresponds to a non-null referencing column. This
occurs immediately after such amark for deletionorupdate of the referenced row.Uniquematching
rowsandnon-uniquematching rows for a referenced roware evaluated immediately after dropping
the association between that referenced row and a non-unique matching row.

8) Let CTEC be the most recent statement execution context. Let SSC be the set of state changes in
CTEC. Let SCi be a state change in SSC.

9) For every row of the referenced table that is marked for deletion and has not previously been
marked for deletion,

Case:

a) IfM specifies SIMPLE or FULL, then

Case:

i) If DR specifies CASCADE, then:

1) F is identified for deletion processing with subtables and every matching row in
F is identified for deletion.

2) The General Rules of Subclause 15.8, “Effect of deleting rows from base tables”,
are applied.

ii) If DR specifies SET NULL, then:

1) Each matching rowMR in F is paired with the candidate replacement row NMR,
formed by copyingMR and setting each referencing column in the copy to the
null value.MR is identified for replacement by NMR in F. The set of (MR, NMR)
pairs is the replacement set for F.

2) F is identified for replacement processing with subtables with respect to the ref-
erencing columns.

3) The General Rules of Subclause 15.14, “Effect of replacing rows in base tables”,
are applied.

iii) If DR specifies SET DEFAULT, then:

1) Each matching rowMR in F is paired with the candidate replacement row NMR,
formed by copyingMR and setting each referencing column in the copy to the
default value specified in the General Rules of Subclause 11.5, “<default clause>”.
MR is identified for replacement by NMR in F. The set of (MR, NMR) pairs is the
replacement set for F.

2) F is identified for replacement processing with subtables with respect to the ref-
erencing columns.
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3) The General Rules of Subclause 15.14, “Effect of replacing rows in base tables”,
are applied.

iv) If DR specifies RESTRICT and there exists some matching row, then an exception con-
dition is raised: integrity constraint violation— restrict violation (23001).

NOTE 722— If DR specifies NO ACTION, then no referential delete action is performed.

b) IfM specifies PARTIAL, then

Case:

i) If DR specifies CASCADE, then:

1) F is identified for deletion processing with subtables and every uniquematching
row in F is identified for deletion.

2) The General Rules of Subclause 15.8, “Effect of deleting rows from base tables”,
are applied.

ii) If DR specifies SET NULL, then:

1) Each unique matching row UMR in F is paired with the candidate replacement
row NUMR, formed by copying UMR and setting each referencing column in the
copy to the null value. UMR is identified for replacement by NUMR in F. The set
of (UMR, NUMR) pairs is the replacement set for F.

2) F is identified for replacement processing with subtables with respect to the ref-
erencing columns.

3) The General Rules of Subclause 15.14, “Effect of replacing rows in base tables”,
are applied.

iii) If DR specifies SET DEFAULT, then:

1) Each unique matching row UMR in F is paired with the candidate replacement
row NUMR, formed by copying UMR and setting each referencing column in the
copy to thedefault value specified in theGeneral Rules of Subclause11.5, “<default
clause>”.UMR is identified for replacement byNUMR inF. The set of (UMR,NUMR)
pairs is the replacement set for F.

2) F is identified for replacement processing with subtables with respect to the ref-
erencing columns.

3) The General Rules of Subclause 15.14, “Effect of replacing rows in base tables”,
are applied.

iv) IfDR specifiesRESTRICTand there exists someuniquematching row, then an exception
condition is raised: integrity constraint violation— restrict violation (23001).

NOTE 723— If DR specifies NO ACTION, then no referential delete action is performed.

10) If a non-null value of a referenced column RC in the referenced table is updated to a value that is
distinct from the current value of RC, then,

Case:

a) IfM specifies SIMPLE or FULL, then

Case:

i) If UR specifies CASCADE, then:
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Each matching rowMR in F is paired with the candidate replacement row NMR,
formed by copyingMR and setting in the copy each referencing column corres-

1)

ponding to an updated referenced column to the new value of that referenced
column.MR is identified for replacement byNMR in F. The set of (MR,NMR) pairs
is the replacement set for F.

2) F is identified for replacement processing with subtables with respect to the
modified referencing columns.

3) The General Rules of Subclause 15.14, “Effect of replacing rows in base tables”,
are applied.

ii) If UR specifies SET NULL, then

Case:

1) IfM specifies SIMPLE, then:

A) Each matching rowMR in F is paired with the candidate replacement row
NMR, formedby copyingMR and setting in the copy each referencing column
corresponding to an updated referenced column to the null value.MR is
identified for replacement by NMR in F. The set of (MR, NMR) pairs is the
replacement set for F.

B) F is identified for replacement processing with subtables with respect to
the modified referencing columns.

C) The General Rules of Subclause 15.14, “Effect of replacing rows in base
tables”, are applied.

2) IfM specifies FULL, then:

A) Each matching rowMR in F is paired with the candidate replacement row
NMR, formedby copyingMR and setting in the copy each referencing column
of RC to the null value.MR is identified for replacement by NMR in F. The
set of (MR, NMR) pairs is the replacement set for F.

B) F is identified for replacement processing with subtables with respect to
the referencing columns of RC.

C) The General Rules of Subclause 15.14, “Effect of replacing rows in base
tables”, are applied.

iii) If UR specifies SET DEFAULT, then:

1) Each matching rowMR in F is paired with the candidate replacement row NMR,
formed by copyingMR and setting in the copy each referencing column corres-
ponding to an updated referenced column to the default value specified in the
General Rules of Subclause 11.5, “<default clause>”.MR is identified for replace-
ment by NMR in F. The set of (MR, NMR) pairs is the replacement set for F.

2) F is identified for replacement processing with subtables with respect to the
modified referencing columns.

3) The General Rules of Subclause 15.14, “Effect of replacing rows in base tables”,
are applied.

iv) If UR specifies RESTRICT and there exists some matching row, then an exception con-
dition is raised: integrity constraint violation— restrict violation (23001).

NOTE 724— If UR specifies NO ACTION, then no referential update action is performed.
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b) IfM specifies PARTIAL, then

Case:

i) If UR specifies CASCADE, then:

1) Each uniquematching rowUMR in F that contains a non-null value in the referen-
cing column C1 in F that corresponds to the updated referenced column C2 is
paired with the candidate replacement row NUMR, formed by copying UMR and
setting C1 in the copy to the new value V of C2, provided that, in all updated rows
in the referenced table that formerly had, during the same execution of the same
innermost SQL-statement, that uniquematching rowas amatching row, the values
in C2 have all been updated to a value that is not distinct from V. If this last condi-
tion is not satisfied, then an exception condition is raised: triggered data change
violation (27000). UMR is identified for replacement by NUMR in F. The set of
(UMR, NUMR) pairs is the replacement set for F.

NOTE 725— Because of the Rules of Subclause 8.2, “<comparison predicate>”, on which the
definition of “distinct” relies, the values in C2 can have been updated to values that are not
distinct, yet are not identical. Which of these non-distinct values is used for the cascade oper-
ation is implementation-dependent.

2) F is identified for replacement processing with subtables with respect to the
modified referencing columns.

3) The General Rules of Subclause 15.14, “Effect of replacing rows in base tables”,
are applied.

ii) If UR specifies SET NULL, then:

1) Each uniquematching rowUMR in F that contains a non-null value in the referen-
cing column in F is pairedwith the candidate replacement rowNUMR, formed by
copying UMR and setting that referencing column in the copy to the null value.
UMR is identified for replacement by NUMR in F. The set of (UMR, NUMR) pairs
is the replacement set for F.

2) F is identified for replacement processing with subtables with respect to the
modified referencing columns.

3) The General Rules of Subclause 15.14, “Effect of replacing rows in base tables”,
are applied.

iii) If UR specifies SET DEFAULT, then:

1) Each uniquematching rowUMR in F that contains a non-null value in the referen-
cing column in F that corresponds with the updated referenced column is paired
with the candidate replacement row NUMR, formed by copying UMR and setting
that referencing column in the copy to the default value specified in the General
Rules of Subclause 11.5, “<default clause>”. UMR is identified for replacement by
NUMR in F. The set of (UMR, NUMR) pairs is the replacement set for F.

2) F is identified for replacement processing with subtables with respect to the
modified referencing columns.

3) The General Rules of Subclause 15.14, “Effect of replacing rows in base tables”,
are applied.

iv) IfUR specifiesRESTRICTand there exists someuniquematching row, then an exception
condition is raised: integrity constraint violation— restrict violation (23001).

NOTE 726— If UR specifies NO ACTION, then no referential update action is performed.
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11) Let ISS be the innermost SQL-statement being executed.

12) If evaluation of these General Rules during the execution of ISSwould cause an update of some site
to a value that is distinct from the value to which that site was previously updated during the exe-
cution of ISS, then an exception condition is raised: triggered data change violation (27000).

13) If evaluation of these General Rules during the execution of ISSwould cause deletion of a row con-
taining a site that is identified for replacement in that row, then an exception condition is raised:
triggered data change violation (27000).

14) If evaluation of these General Rules during the execution of ISSwould cause either an attempt to
update a row that has been deleted by any <delete statement: positioned>, <dynamic delete state-
ment: positioned>, or <preparable dynamic delete statement: positioned> that identifies someopen
cursor CR or that has been updated by any <update statement: positioned>, <dynamic update
statement: positioned>, or <preparable dynamic update statement: positioned> that identifies some
open cursorCR, or an attempt tomark for deletion such a row, then a completion condition is raised:
warning— cursor operation conflict (01001).

15) If the subject table restriction flag of the current SQL-session context is set toTrue, and if evaluation
of these General Rules during the execution of ISSwould cause an insertion of some row, update of
some row, or deletion of some row in a table whose name is included in the restricted subject table
name list included in the current SQL-session context, then anexception condition is raised: triggered
data change violation—modify table modified by data change delta table (27001).

16) For every row RMD that is marked for deletion, every subrow of RMD and every superrow of RMD
is marked for deletion.

17) If any table is the subject table of a state change in SSC that has been created or modified during
evaluation of the preceding General Rules of this subclause, then, for every referential constraint
descriptorRC2 of an enforced referential constraint, the General Rules of this Subclause are applied
with RC2 as CONSTRAINT.

NOTE 727— Thus these rules are repeatedly evaluated until no further transitions are generated.

18) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.

Conformance Rules

None.
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15.19 Execution of BEFORE triggers

Function

Define the execution of BEFORE triggers.

Subclause Signature

“Execution of BEFORE triggers” [General Rules] (
  Parameter: “SET OF STATE CHANGES”
)

SET OF STATE CHANGES— a set of state changes.

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let SCC be the SET OF STATE CHANGES in an application of the General Rules of this Subclause.

2) Let BT be the set of BEFORE triggers that are activated by some state change in SSC.
NOTE 728— Activation of triggers is defined in Subclause 4.46, “Triggers”.

3) Let NT be the number of triggers in BT and let TRk be the k-th such trigger, ordered according to
their order of execution. Let SCk be the state change in SSC that activated TRk.

NOTE 729— Ordering of triggers is defined in Subclause 4.46, “Triggers”.

4) For k ranging from 1 (one) to NT, the General Rules of Subclause 15.21, “Execution of triggers”, are
applied with TRk as TRIGGER and SCk as STATE CHANGE.

5) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.

Conformance Rules

None.
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15.20 Execution of AFTER triggers

Function

Define the execution of AFTER triggers.

Subclause Signature

“Execution of AFTER triggers” [General Rules] (
  Parameter: “SET OF STATE CHANGES”
)

SET OF STATE CHANGES— a set of state changes.

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let SSC be the SET OF STATE CHANGES in an application of the General Rules of this Subclause.

2) Let AT be the set of AFTER triggers that are activated by some state change in SSC.
NOTE 730— Activation of triggers is defined in Subclause 4.46, “Triggers”.

3) Let NT be the number of triggers in AT and let TRk be the k-th such trigger, ordered according to
their order of execution. Let SCk be the state change in SSC that activated TRk.

NOTE 731— Ordering of triggers is defined in Subclause 4.46, “Triggers”.

4) For k ranging from 1 (one) to NT, the General Rules of Subclause 15.21, “Execution of triggers”, are
applied with TRk as TRIGGER and SCk as STATE CHANGE.

5) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.

Conformance Rules

None.
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15.21 Execution of triggers

Function

Define the execution of triggers.

Subclause Signature

“Execution of triggers” [General Rules] (
  Parameter: “TRIGGER”, 
  Parameter: “STATE CHANGE”
)

TRIGGER— a trigger.

STATE CHANGE— a state change.

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let TR be the TRIGGER and let SC be the STATE CHANGE in an application of the General Rules of
this Subclause.

2) Except where explicitly specified, the General Rules of this Subclause are not terminated if an
exception condition is raised.

3) Let TA be the triggered action included in the trigger descriptor of TR. Let TSS be the <triggered
SQL statement> contained in TA. Let TE be the trigger event of SC. Let ST be the set of transitions
in SC.

4) TR is executed as follows.

Case:

a) If TR is a row-level trigger, then, for each transition T in ST for which TR is not considered as
executed, TA is invoked and TR is considered as executed for T. The order in which the
transitions in ST are taken is implementation-dependent (US048).

b) If TR is not considered as executed for SC, then TA is invoked once and TR is considered as
executed for SC.

5) When TA is invoked:

a) Case:

i) If TE is DELETE, then the old transition table for the invocation of TA is ST. If TR is a
row-level trigger, then the value of the old transition variable for the invocation of TA
is T.

1242 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
15.21 Execution of triggers

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


ii) If TE is INSERT, then the new transition table for the invocation of TA is ST. If TR is a
row-level trigger, then the value of the new transition variable for the invocation of TA
is T.

iii) If TE is UPDATE, then the old transition table for the invocation of TA is the multiset
formed by taking the old rows of the transitions in ST and the new transition table for
the invocation of TA is the multiset formed by taking the new rows of the transitions
in ST. If TR is a row-level trigger, then the value of the old transition variable for the
invocation of TA is the old row of T and the new transition variable for the invocation
of TA is the new row of T.

b) Case:

i) If TA contains a <search condition> TASC, then TASC is evaluated.

Case:

1) If, during the evaluationofTASC, a <columnreference> that references the system-
timeperiod start columnor the system-periodperiod end columnof the transition
table is encountered or an exception condition is raised, then an exception condi-
tion is raised: triggered action exception (09000), and no further General Rules
of this Subclause are applied.

2) If the result of evaluating TASC is True, then TSS is executed.

3) Otherwise, TSS is not executed.

ii) If TA does not contain a <search condition>, then TSS is executed.

6) When TSS is executed:

a) The General Rules of Subclause 23.2, “Pushing and popping the diagnostics area stack”, are
appliedwith “PUSH” as OPERATION and the diagnostics area stack in the current SQL-session
context CSC as STACK.

b) The authorization identifier of the owner of the schema that includes the trigger descriptor
of TR is pushed onto the authorization stack.

c) A new savepoint level is established.

d) Indicate that another triggered action is executing in the current SQL-session context.

e) Let N be the number of <SQL procedure statement>s simply contained in TSS. For i ranging
from 1 (one) to N:

i) Let Si be the i-th such <SQL procedure statement>.

ii) The General Rules of Subclause 9.17, “Executing an <SQL procedure statement>”, are
applied with Si as EXECUTING STATEMENT.

iii) If, before the completion of Si, an attempt ismade to execute an SQL-schema statement,
anSQL-connectionstatement, anSQL-transactionstatement, anSQL-dynamic statement,
or an SQL-session statement, then an exception condition is raised:prohibited statement
encountered during trigger execution (0W000).

iv) If the execution of Si raises an exception, then evaluation of GR 6)e) is terminated
immediately and evaluation continues with GR 6)f).

f) Indicate that this triggered action is no longer executing in the current SQL-session context.
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g) If, before the completionof the execution of any<SQLprocedure statement> simply contained
in TSS, an attempt is made to evaluate a <column reference> that references the system-time
period start column or the system-time period end column of the old transition table, then an
exception condition is raised:prohibited column reference encountered during trigger execution
(11000).

h) If TR is a BEFORE trigger and if, before the completion of the execution of any <SQL procedure
statement> simply contained in TSS, an attempt is made to execute an SQL-statement that
possibly modifies SQL-data, then an exception condition is raised: prohibited statement
encountered during trigger execution (0W000).

i) If TR is an AFTER trigger and the subject table restriction flag of the current SQL-session
context is set to True, and if during the execution of TR any attempt is made to insert a row,
update a row, or delete a row in a table whose name is included in the restricted subject table
name list included in the current SQL-session context, then an exception condition is raised:
prohibited statement encountered during trigger execution—modify table modified by data
change delta table (0W001).

j) The current savepoint level is destroyed.
NOTE 732— Destroying a savepoint level destroys all existing savepoints that are established at that level.

k) The General Rules of Subclause 23.2, “Pushing and popping the diagnostics area stack”, are
applied with “POP” as OPERATION and the diagnostics area stack in CSC as STACK.

l) The top cell in the authorization stack is removed.

m) If the execution of TSS is not successful, then an exception condition is raised: triggered action
exception (09000). The exception condition that causedTSS to fail is raised. If TR is a row-level
trigger, then no further transitions in ST are processed.

NOTE 733— Raising the exception condition that caused TSS to fail enters the exception information into
the diagnostics area that was pushed prior to the execution of TSS.

7) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.

Conformance Rules

None.
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16 Control statements

This Clause is modified by Clause 15, “Control statements”, in ISO/IEC 9075-4.
This Clause is modified by Clause 9, “Control statements”, in ISO/IEC 9075-10.

16.1 <call statement>
This Subclause is modified by Subclause 9.1, “<call statement>”, in ISO/IEC 9075-10.

Function

Invoke an SQL-invoked routine.

Format
<call statement> ::=
CALL <routine invocation>

Syntax Rules

1) Let RI be the <routine invocation> immediately contained in the <call statement>.

2) The Syntax Rules of Subclause 9.18, “Invoking an SQL-invoked routine”, are applied with RI as
ROUTINE INVOCATION, an empty <schema name> list as SQLPATH, and the null value as UDT; let
SR be the SUBJECT ROUTINE and let SAL be the STATIC SQL ARG LIST returned from the application
of those Syntax Rules.

NOTE 734— The SAL returned is not used.

3) SR shall be an SQL-invoked procedure.

Access Rules

None.

General Rules

1) The General Rules of Subclause 9.18, “Invoking an SQL-invoked routine”, are applied with SR as
SUBJECTROUTINE and SAL as STATIC SQLARGLIST; letVbe theVALUE returned from the application
of those General Rules.

NOTE 735— The V returned is not used.

Conformance Rules

None.
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16.2 <return statement>

Function

Return a value from an SQL routine that is an SQL-invoked function.

Format
<return statement> ::=
RETURN <return value>

<return value> ::=
<value expression>

| NULL

Syntax Rules

1) <return statement> shall be contained in anSQL routinebody that is simply contained in the<routine
body> of an <SQL-invoked function> F. Let RDT be the <returns data type> of the <returns clause>
of F.

2) The <return value> <null specification> is equivalent to the <value expression>:

CAST (NULL AS RDT)

3) LetVEbe the<value expression>of the<returnvalue> immediately contained in<return statement>.

4) The Syntax Rules of Subclause 9.2, “Store assignment”, are applied with an item of the data type
RDT as TARGET and VE as VALUE.

Access Rules

None.

General Rules

1) The value of VE is the returned value of the execution of the SQL routine body of F.

2) The execution of the SQL routine body of F is terminated immediately.

Conformance Rules

None.
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17 Transaction management

This Clause is modified by Clause 10, “Transaction management”, in ISO/IEC 9075-10.

17.1 <start transaction statement>

Function

Start an SQL-transaction and set its characteristics.

Format
<start transaction statement> ::=
START TRANSACTION [ <transaction characteristics> ]

Syntax Rules

None.

Access Rules

None.

General Rules

1) If an SQL-transaction is currently active, then an exception condition is raised: invalid transaction
state — active SQL-transaction (25001).

2) Case:

a) If <transaction characteristics> is omitted, then let TC be

ECAM ISOLATION LEVEL ECIL DIAGNOSTICS SIZE ECNC

where ECAM, ECIL, and ECNC are the transaction access mode, transaction isolation level and
number of conditions, respectively, of the enduring transaction characteristics of the current
SQL-session.

b) Otherwise, let TC be the <transaction characteristics>.

3) If <number of conditions> is specified and is less than 1 (one), then an exception condition is raised:
invalid condition number (35000).

4) The <set transaction statement>

SET TRANSACTION TC

is effectively executed.
NOTE 736— The characteristics of a transaction begun by a <start transaction statement> are as specified here
regardless of the characteristics specified by any preceding <set transaction statement>. That is, even if one ormore
characteristics are omitted by the <start transaction statement>, the defaults specified in the Syntax Rules of this

© ISO/IEC 2023 – All rights reserved 1247

ISO/IEC 9075-2:2023(E)

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


Subclause and of Subclause 17.3, “<transaction characteristics>”, are effective and are not affected by any (preceding)
<set transaction statement> in the same SQL-session.

5) An SQL-transaction is initiated.

Conformance Rules

1) Without Feature T241, “START TRANSACTION statement”, conforming SQL language shall not
contain a <start transaction statement>.
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17.2 <set transaction statement>
This Subclause is modified by Subclause 10.1, “<set transaction statement>”, in ISO/IEC 9075-10.

Function

Set the characteristics of the next SQL-transaction for the SQL-agent.
NOTE 737— This statement has no effect on any SQL-transactions subsequent to the next SQL-transaction.

Format
<set transaction statement> ::=
SET [ LOCAL ] TRANSACTION <transaction characteristics>

Syntax Rules

1) 10 If LOCAL is specified, then<transaction characteristics> shall not contain <number of conditions>.

Access Rules

None.

General Rules

1) Case:

a) If a <set transaction statement> that does not specify LOCAL is executed, then

Case:

i) If an SQL-transaction is currently active, then an exception condition is raised: invalid
transaction state — active SQL-transaction (25001).

ii) If an SQL-transaction is not currently active, then if there are any holdable cursors
remaining open from the previous SQL-transaction and the transaction isolation level
of the previous SQL-transaction is not the same as the transaction isolation level
determined by the <level of isolation>, then an exception condition is raised: invalid
transaction state — held cursor requires same isolation level (25008).

b) If a <set transaction statement> that specifies LOCAL is executed, then:

i) If the SQL-implementation does not support Feature T262, “Multiple server transac-
tions”, then an exception condition is raised: feature not supported—multiple server
transactions (0A001).

ii) If there is no SQL-transaction that is currently active, then an exception condition is
raised: invalid transaction state — no active SQL-transaction for branch transaction
(25005).

iii) If there is an active SQL-transaction and there has been a transaction-initiating SQL-
statement executed at the current SQL-connection in the context of the active SQL-
transaction, then an exception condition is raised: invalid transaction state — branch
transaction already active (25002).
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iv) If the transaction access mode of the SQL-transaction is read-only and <transaction
access mode> specifies READWRITE, then an exception condition is raised: invalid
transaction state — inappropriate access mode for branch transaction (25003).

v) If the transaction isolation level of the SQL-transaction is SERIALIZABLE and <level of
isolation> specifies anything except SERIALIZABLE, then an exception condition is
raised: invalid transaction state — inappropriate isolation level for branch transaction
(25004).

vi) If the transaction isolation level of the SQL-transaction is REPEATABLE READ and
<level of isolation> specifies anything except REPEATABLE READ or SERIALIZABLE,
then an exception condition is raised: invalid transaction state— inappropriate isolation
level for branch transaction (25004).

vii) If the transaction isolation level of the SQL-transaction is READCOMMITTEDand<level
of isolation> specifies READ UNCOMMITTED, then an exception condition is raised:
invalid transaction state— inappropriate isolation level for branch transaction (25004).

NOTE 738— If the transaction isolation level of the SQL-transaction is READ UNCOMMITTED, then
any <level of isolation> is permissible.

2) If <number of conditions> is specified and is less than 1 (one), then an exception condition is raised:
invalid condition number (35000).

3) If <number of conditions> is specified and is greater than the implementation-dependent (UL003)
maximum value for <number of conditions> IDMVNC, then the implicit <number of conditions> is
IDMVNC, and a completion condition is raised:warning— invalid number of conditions (01012).

4) Let TC be <transaction characteristics>. Let CSC be the current SQL-session context.

5) If the explicit or implicit <transaction accessmode> contains READONLY, then the current transac-
tion access mode of CSC is set to read-only. Otherwise, the current transaction access mode of CSC
is set to read-write.

6) The current transaction isolation level ofCSC is set to an implementation-defined (IV222) transaction
isolation level that will not exhibit any of the phenomena that the explicit or implicit <level of isol-
ation> contained in TCwould not exhibit, as specified in Table 11, “SQL-transaction isolation levels
and the three phenomena”.

7) The current condition area limit of CSC is set to the explicit or implicit <number of conditions>
contained in TC.

Conformance Rules

1) Without Feature T251, “SET TRANSACTION statement: LOCAL option”, conforming SQL language
shall not contain a <set transaction statement> that immediately contains LOCAL.
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17.3 <transaction characteristics>

Function

Specify transaction characteristics.

Format
<transaction characteristics> ::=
    [ <transaction mode> [ { <comma> <transaction mode> }... ] ]

<transaction mode> ::=
<isolation level>

| <transaction access mode>
| <diagnostics size>

<transaction access mode> ::=
READ ONLY

| READ WRITE

<isolation level> ::=
ISOLATION LEVEL <level of isolation>

<level of isolation> ::=
READ UNCOMMITTED

| READ COMMITTED
| REPEATABLE READ
| SERIALIZABLE

<diagnostics size> ::=
DIAGNOSTICS SIZE <number of conditions>

<number of conditions> ::=
<simple value specification>

Syntax Rules

1) Let TC be the <transaction characteristics>.

2) TC shall contain at most one <isolation level>, at most one <transaction access mode>, and at most
one <diagnostics size>.

3) If TC does not contain an <isolation level>, then ISOLATION LEVEL SERIALIZABLE is implicit.

4) If <transaction access mode> is READWRITE, then the <level of isolation> shall not be READ
UNCOMMITTED.

5) If TC does not contain a <transaction access mode>, then

Case:

a) If <isolation level> contains READ UNCOMMITTED, then READ ONLY is implicit.

b) Otherwise, READWRITE is implicit.

6) The declared type of <number of conditions> shall be exact numeric with scale 0 (zero).

7) If TC does not contain a <diagnostics size>, then DIAGNOSTICS SIZE n is implicit, where n is an
implementation-dependent (UL003) value not less than 1 (one).
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Access Rules

None.

General Rules

None.

Conformance Rules

1) Without Feature F111, “Isolation levels other than SERIALIZABLE ”, conforming SQL language shall
not contain an <isolation level> that contains a <level of isolation> other than SERIALIZABLE.

2) Without Feature F112, “Isolation level READ UNCOMMITTED”, conforming SQL language shall not
contain an <isolation level> that contains a <level of isolation> of READ UNCOMMITTED.

3) Without Feature F113, “Isolation level READ COMMITTED”, conforming SQL language shall not
contain an <isolation level> that contains a <level of isolation> of READ COMMITTED.

4) Without Feature F114, “Isolation level REPEATABLE READ”, conforming SQL language shall not
contain an <isolation level> that contains a <level of isolation> of REPEATABLE READ.

5) Without FeatureF124, “SETTRANSACTIONstatement:DIAGNOSTICS SIZE clause”, conformingSQL
language shall not contain a <diagnostics size>.
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17.4 <set constraints mode statement>

Function

If an SQL-transaction is currently active, then set the constraint mode for that SQL-transaction in the
current SQL-session. If no SQL-transaction is currently active, then set the constraint mode for the next
SQL-transaction in the current SQL-session for the SQL-agent.

NOTE 739— This statement has no effect on any SQL-transactions subsequent to this SQL-transaction.

Format
<set constraints mode statement> ::=
SET CONSTRAINTS <constraint name list> { DEFERRED | IMMEDIATE }

<constraint name list> ::=
ALL

| <constraint name> [ { <comma> <constraint name> }... ]

Syntax Rules

1) If a <constraint name> is specified, then it shall identify a constraint.

2) The constraint identified by <constraint name> shall be deferrable.

Access Rules

None.

General Rules

1) Let CSC be the current SQL-session context.

2) If IMMEDIATE is specified, then

Case:

a) If ALL is specified, then the constraint mode in CSC of all constraints that are deferrable is set
to immediate.

b) Otherwise, the constraintmode inCSC for the constraints identifiedby the <constraint name>s
in the <constraint name list> is set to immediate.

3) If DEFERRED is specified, then

Case:

a) If ALL is specified, then the constraint mode in CSC of all constraints that are deferrable is set
to deferred.

b) Otherwise, the constraintmode inCSC for the constraints identifiedby the <constraint name>s
in the <constraint name list> is set to deferred.
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Conformance Rules

1) Without Feature F721, “Deferrable constraints”, conforming SQL language shall not contain a <set
constraints mode statement>.

1254 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
17.4 <set constraints mode statement>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


17.5 <savepoint statement>
This Subclause is modified by Subclause 10.2, “<savepoint statement>”, in ISO/IEC 9075-10.

Function

Establish a savepoint.

Format
<savepoint statement> ::=
SAVEPOINT <savepoint specifier>

<savepoint specifier> ::=
<savepoint name>

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let S be the <savepoint name>.

2) If S identifies an existing savepoint establishedwithin the current savepoint level, then that savepoint
is destroyed.

3) If the number of savepoints that now exist within the current SQL-transaction is equal to the
implementation-defined (IL208) maximum number of savepoints per SQL-transaction, then an
exception condition is raised: savepoint exception— too many (3B002).

4) A savepoint is established in the current savepoint level and at the current point in the current SQL-
transaction. S is assigned as the identifier of that savepoint.

Conformance Rules

1) Without Feature T271, “Savepoints”, conforming SQL language shall not contain a <savepoint
statement>.
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17.6 <release savepoint statement>
This Subclause is modified by Subclause 10.3, “<release savepoint statement>”, in ISO/IEC 9075-10.

Function

Destroy a savepoint.

Format
<release savepoint statement> ::=
RELEASE SAVEPOINT <savepoint specifier>

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let S be the <savepoint name>.

2) If S does not identify a savepoint established in the current savepoint level, then an exception con-
dition is raised: savepoint exception— invalid specification (3B001).

3) The savepoint identifiedby S andall savepoints established in the current savepoint level subsequent
to the establishment of S are destroyed.

Conformance Rules

1) Without FeatureT271, “Savepoints”, conforming SQL language shall not contain a<release savepoint
statement>.

1256 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
17.6 <release savepoint statement>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


17.7 <commit statement>
This Subclause is modified by Subclause 10.4, “<commit statement>”, in ISO/IEC 9075-10.

Function

Terminate the current SQL-transaction with commit.

Format
<commit statement> ::=
COMMIT [ WORK ] [ AND [ NO ] CHAIN ]

Syntax Rules

1) 10 If neither AND CHAIN nor AND NO CHAIN is specified, then AND NO CHAIN is implicit.

Access Rules

None.

General Rules

1) If the current SQL-transaction is part of an encompassing transaction that is controlled by an agent
other than the SQL-agent, then an exception condition is raised: invalid transaction termination
(2D000).

2) If the current SQL-session has an atomic execution context, then an exception condition is raised:
invalid transaction termination (2D000).

3) For every open cursor CR that is not a holdable cursor in the stack of contexts of the current SQL-
session, the General Rules of Subclause 15.4, “Effect of closing a cursor”, are applied with CR as
CURSOR and DESTROY as DISPOSITION.

4) For every temporary table in any SQL-client module associated with the current SQL-transaction
that specifies theONCOMMITDELETEoptionand thatwasupdatedby the current SQL-transaction,
the execution of the <commit statement> is effectively preceded by the execution of a <delete
statement: searched> that specifiesDELETEFROMT, whereT is the <table name>of that temporary
table.

5) The effects specified in the General Rules of Subclause 17.4, “<set constraints mode statement>”,
occur as if the statement SET CONSTRAINTS ALL IMMEDIATE were executed for each active SQL-
connection.

6) Case:

a) If any enforced constraint is not satisfied, then any changes to SQL-data or schemas that were
made by the current SQL-transaction are canceled and an exception condition is raised:
transaction rollback— integrity constraint violation (40002).

b) If any other error preventing commitment of the SQL-transaction has occurred, then any
changes to SQL-data or schemas that weremade by the current SQL-transaction are canceled
and an exception condition is raised: transaction rollback (40000)with an implementation-
defined (IC021) subclass value.

© ISO/IEC 2023 – All rights reserved 1257

ISO/IEC 9075-2:2023(E)
17.7 <commit statement>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


c) Otherwise, any changes to SQL-data or schemas thatweremadeby the current SQL-transaction
are eligible to be perceived by all concurrent and subsequent SQL-transactions.

7) All savepoint levels are destroyed and a new savepoint level is established.
NOTE 740— Destroying a savepoint level destroys all existing savepoints that are established at that level.

8) Every valid non-holdable locator value is marked invalid.

9) The current SQL-transaction is terminated.

10) Case:

a) If <commit statement> contains AND CHAIN, then an SQL-transaction is initiated. Any branch
transactions of the SQL-transaction are initiated with the same transaction access mode,
transaction isolation level, and condition area limit as the corresponding branch of the SQL-
transaction just terminated.

b) Otherwise:

i) The current transaction access mode, current transaction isolation level, and current
condition area limit of the current SQL-session context are set to the transaction access
mode, transaction isolation level, and condition area limit, respectively, of the enduring
transaction characteristics of the current SQL-session.

ii) For every constraint C, the constraint mode of C in the current SQL-session context is
set to the initial constraint mode included in the constraint descriptor for C.

11) The prepared statement of every held cursor remains in existence. It is implementation-defined
(IA169) whether or not any other prepared statement is deallocated.

Conformance Rules

1) Without Feature T261, “Chained transactions”, conforming SQL language shall not contain a
<commit statement> that immediately contains CHAIN.
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17.8 <rollback statement>
This Subclause is modified by Subclause 10.5, “<rollback statement>”, in ISO/IEC 9075-10.

Function

Terminate the current SQL-transaction with rollback, or rollback all actions affecting SQL-data and/or
schemas since the establishment of a savepoint.

Format
<rollback statement> ::=
ROLLBACK [ WORK ] [ AND [ NO ] CHAIN ] [ <savepoint clause> ]

<savepoint clause> ::=
TO SAVEPOINT <savepoint specifier>

Syntax Rules

1) If AND CHAIN is specified, then <savepoint clause> shall not be specified.

2) If neither AND CHAIN nor AND NO CHAIN is specified, then AND NO CHAIN is implicit.

Access Rules

None.

General Rules

1) If the current SQL-transaction is part of an encompassing transaction that is controlled by an agent
other than the SQL-agent and the <rollback statement> is not being implicitly executed, then an
exception condition is raised: invalid transaction termination (2D000).

2) If a <savepoint clause> is not specified, then:

a) If the current SQL-session has an atomic execution context, then an exception condition is
raised: invalid transaction termination (2D000).

b) All changes to SQL-data or schemas that were made by the current SQL-transaction are can-
celed.

c) All savepoint levels are destroyed and a new savepoint level is established.
NOTE 741— Destroying a savepoint level destroys all existing savepoints that are established at that level.

d) Every valid locator is marked invalid.

e) For every open cursorCR in the stack of contexts of the current SQL-session, the General Rules
of Subclause 15.4, “Effect of closing a cursor”, are applied with CR as CURSOR and DESTROY
as DISPOSITION.

f) It is implementation-defined (IA167) whether or not any prepared statement is deallocated.

g) The current SQL-transaction is terminated.

h) Case:
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i) If <rollback statement> contains AND CHAIN, then an SQL-transaction is initiated. Any
branch transactions of the SQL-transaction are initiated with the same transaction
accessmode, transaction isolation level, and condition area limit as the corresponding
branch of the SQL-transaction just terminated.

ii) Otherwise:

1) The current transaction access mode, current transaction isolation level, and
current condition area limit of the current SQL-session context are set to the
transaction access mode, transaction isolation level, and condition area limit,
respectively, of the enduring transaction characteristics of the current SQL-session.

2) For every constraintC, the constraintmodeofC in the current SQL-session context
is set to the initial constraint mode included in the constraint descriptor for C.

3) If a <savepoint clause> is specified, then:

a) Let S be the <savepoint name>.

b) If S does not specify a savepoint established within the current savepoint level, then an
exception condition is raised: savepoint exception— invalid specification (3B001).

c) If the current SQL-session has an atomic execution context, and S specifies a savepoint
establishedbefore thebeginningof themost recent atomic execution context, thenanexception
condition is raised: savepoint exception— invalid specification (3B001).

d) All changes to SQL-data or schemas thatweremadeby the current SQL-transaction subsequent
to the establishment of S are canceled.

e) All savepoints established by the current SQL-transaction subsequent to the establishment
of S are destroyed.

NOTE 742— Destroying a savepoint level destroys all existing savepoints that are established at that level.

f) Every valid locator that was generated in the current SQL-transaction subsequent to the
establishment of S is marked invalid.

g) For every open cursor CR that is not a holdable cursor in the stack of contexts of the current
SQL-session, the General Rules of Subclause 15.4, “Effect of closing a cursor”, are appliedwith
CR as CURSOR and DESTROY as DISPOSITION.

h) The status of any open cursors in the stack of contexts of the current SQL-session that were
openedby the current SQL-transactionbefore theestablishmentof S is implementation-defined
(IA168).

i) It is implementation-defined(IA167)whetherornot anypreparedstatement thatwasprepared
before the establishment of S is deallocated.

j) It is implementation-defined(IA167)whetherornot anypreparedstatement thatwasprepared
subsequent to the establishment of S is deallocated.

NOTE743—The current SQL-transaction is not terminated, and there is no other effect on the SQL-data or schemas.

Conformance Rules

1) Without Feature T271, “Savepoints”, conforming SQL language shall not contain a <savepoint
clause>.

2) WithoutFeatureT261, “Chained transactions”, conformingSQL language shall not contain a<rollback
statement> that immediately contains CHAIN.
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18 Connection management

18.1 <connect statement>

Function

Establish an SQL-session.

Format
<connect statement> ::=
CONNECT TO <connection target>

<connection target> ::=
<SQL-server name> [ AS <connection name> ] [ USER <connection user name> ]

| DEFAULT

Syntax Rules

1) If <connection user name> is not specified, then an implementation-defined (ID238) <connection
user name> for the SQL-connection is implicit.

Access Rules

None.

General Rules

1) If a <connect statement> is executed after the first transaction-initiating SQL-statement executed
by the current SQL-transaction and the SQL-implementation does not support Feature T262,
“Multiple server transactions”,thenanexception condition is raised: feature not supported—multiple
server transactions (0A001).

2) If <connection user name> is specified, then let S be <connection user name> and let V be the
character string that is the value of

TRIM ( BOTH ' ' FROM S )

3) If V does not conform to the Format and Syntax Rules of a <user identifier>, then an exception
condition is raised: invalid authorization specification (28000).

4) If the SQL-clientmodule that contains the<externally-invokedprocedure> that contains the<connect
statement> specifies a <module authorization identifier>, then whether or not <connection user
name> shall be identical to that <module authorization identifier> is implementation-defined
(IA166), as are any other restrictions on the value of <connection user name>. Otherwise, any
restrictions on the value of <connection user name> are implementation-defined (IA166).

5) If the value of <connection user name> does not conform to the implementation-defined (IA064)
restrictions, then an exception condition is raised: invalid authorization specification (28000).
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6) If <connection name> was specified, then let CV be <simple value specification> immediately con-
tained in <connection name>. If neither DEFAULT nor <connection name> were specified, then let
CV be <SQL-server name>. Let CN be the result of

TRIM ( BOTH ' ' FROM CV )

IfCNdoesnot conform to theFormat andSyntaxRules of an<identifier>, then an exception condition
is raised: invalid connection name (2E000).

7) If an SQL-connectionwith name CN has already been established by the current SQL-agent and has
not been disconnected, or if DEFAULT is specified and a default SQL-connection has already been
established by the current SQL-agent and has not been disconnected, then an exception condition
is raised: connection exception— connection name in use (08002).

8) Case:

a) If DEFAULT is specified, then the default SQL-session is initiated and associated with the
default SQL-server. The method by which the default SQL-server is determined is implemen-
tation-defined (IW154).

b) Otherwise, an SQL-session is initiated and associatedwith the SQL-server identified by <SQL-
server name>. Themethodbywhich<SQL-server name> is used to determine the appropriate
SQL-server is implementation-defined (IW154).

9) If the <connect statement> successfully initiates an SQL-session, then:

a) The current SQL-connection CC and current SQL-session, if any, become a dormant SQL-con-
nection and a dormant SQL-session, respectively. The SQL-session context for CC is preserved
and is not affected in any way by operations performed over the initiated SQL-connection.

NOTE 744— The SQL-session context is defined in Subclause 4.45, “SQL-sessions”.

b) The SQL-session initiated by the <connect statement> becomes the current SQL-session and
the SQL-connection established to that SQL-session becomes the current SQL-connection.

c) The transaction access mode, transaction isolation level, and condition area limit of the
enduring transaction characteristics of the current SQL-sessionare read-write, SERIALIZABLE,
and an implementation-dependent (UL003) value not less than 1 (one), respectively.

NOTE745—If the <connect statement> fails to initiate an SQL-session, then the current SQL-connection and current
SQL-session, if any, remain unchanged.

10) If the SQL-client cannot establish the SQL-connection, then an exception condition is raised: connec-
tion exception— SQL-client unable to establish SQL-connection (08001).

11) If the SQL-server rejects the establishment of the SQL-connection, then an exception condition is
raised: connection exception— SQL-server rejected establishment of SQL-connection (08004).

12) The SQL-server for the subsequent execution of <externally-invoked procedure>s in any SQL-client
modules associated with the SQL-agent is set to the SQL-server identified by <SQL-server name>.

13) The current SQL-session context of the current SQL-session is initialized as follows:

a) The authorization stack is set to a single cell containing the user identifier <connection user
name>.

b) The current transaction accessmode, current transaction isolation level, and current condition
area limit are set to the transaction access mode, transaction isolation level, and condition
area limit, respectively, of the enduring transaction characteristics of the current SQL-session.

c) The SQL-session identifier is set to a unique implementation-dependent (UV109) value.
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d) The SQL-session user identifier is set to the value of the implicit or explicit <connection user
name>.

e) The condition area limit is set to an implementation-dependent (UL003) value that shall be
at least 1 (one).

f) There are no collations, temporary table identities, open cursor instance descriptors, valid
locators, prepared statements, SQL dynamic descriptor areas, or result set sequences.

g) The original and current default time zone displacements, SQL-path value and defining text,
current default catalog name, current default unqualified schema name, current default
character set name, text defining the default transform group name, and text defining the
user-defined type name – transform group pair for each user-defined type explicitly set by
the user are set to implementation-defined (IV088) values.

h) The subject table restriction flag is set to False and the restricted subject table name list is set
to empty.

i) The triggered action indicator is set to indicate that no triggered actions are executing.

j) The statement timestamp is set to “not set”.

k) The statement execution context is set to indicate non-atomic, with no state changes.

l) The routine execution context is set to indicate that no SQL-invoked routine is active (rendering
the rest of the routine execution context irrelevant).

m) The diagnostic stack is set to “empty”.

n) The constraint mode is set to “immediate”.

14) A new savepoint level is established.

Conformance Rules

1) Without Feature F771, “Connection management”, conforming SQL language shall not contain a
<connect statement>.
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18.2 <set connection statement>

Function

Select an SQL-connection from the available SQL-connections.

Format
<set connection statement> ::=
SET CONNECTION <connection object>

<connection object> ::=
DEFAULT

| <connection name>

Syntax Rules

None.

Access Rules

None.

General Rules

1) If a <set connection statement> is executed after the first transaction-initiating SQL-statement
executed by the current SQL-transaction and the SQL-implementation does not support Feature
T262, “Multiple server transactions”, then an exception condition is raised: feature not supported
—multiple server transactions (0A001).

2) Case:

a) If DEFAULT is specified and there is no default SQL-connection that is current or dormant for
the current SQL-agent, thenanexception condition is raised: connection exception—connection
does not exist (08003).

b) Otherwise, if <connection name> does not identify an SQL-session that is current or dormant
for the current SQL-agent, then an exception condition is raised: connection exception—
connection does not exist (08003).

3) If the SQL-connection identified by <connection object> cannot be selected, then an exception
condition is raised: connection exception— connection failure (08006).

4) The current SQL-connection and current SQL-session become a dormant SQL-connection and a
dormant SQL-session, respectively. The SQL-session context is preserved and is not affected in any
way by operations performed over the selected SQL-connection.

NOTE 746— The SQL-session context is defined in Subclause 4.45, “SQL-sessions”.

5) The SQL-connection identified by <connection object> becomes the current SQL-connection and
the SQL-session associatedwith that SQL-connectionbecomes the current SQL-session. SQL-session
context is restored to the same state as at the time the SQL-connection became dormant.

NOTE 747— The SQL-session context is defined in Subclause 4.45, “SQL-sessions”.
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6) The SQL-server for the subsequent execution of <externally-invoked procedure>s in any SQL-client
modules associated with the SQL-agent are set to that of the current SQL-connection.

Conformance Rules

1) Without Feature F771, “Connection management”, conforming SQL language shall not contain a
<set connection statement>.
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18.3 <disconnect statement>

Function

Terminate an SQL-connection.

Format
<disconnect statement> ::=
DISCONNECT <disconnect object>

<disconnect object> ::=
<connection object>

| ALL
| CURRENT

Syntax Rules

None.

Access Rules

None.

General Rules

1) If <connectionname> is specified and<connectionname>does not identify an SQL-connection that
is current or dormant for the current SQL-agent, then an exception condition is raised: connection
exception— connection does not exist (08003).

2) If DEFAULT is specified and there is no default SQL-connection that is current or dormant for the
current SQL-agent, then an exception condition is raised: connection exception— connection does
not exist (08003).

3) If CURRENT is specified and there is no current SQL-connection for the current SQL-agent, then an
exception condition is raised: connection exception— connection does not exist (08003).

4) Let C be the current SQL-connection.

5) LetLbe a list of SQL-connections. If a <connectionname> is specified, thenL is that SQL-connection.
If CURRENT is specified, then L is the current SQL-connection. If ALL is specified, then L is a list
representing every SQL-connection that is current or dormant for the current SQL-agent, in an
implementation-dependent (US049) order. If DEFAULT is specified, then L is the default SQL-con-
nection.

6) If any SQL-connection in L is active, then an exception condition is raised: invalid transaction state
— active SQL-transaction (25001).

7) For every SQL-connection C1 in L, treating the SQL-session S1 identified by C1 as the current SQL-
session, all of the actions that are required after the last call of an <externally-invoked procedure>
by an SQL-agent, except for the execution of a <rollback statement> or a <commit statement>, are
performed. C1 is terminated, regardless of any exception condition that might occur during the
disconnection process.
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NOTE748—See theGeneralRules of Subclause13.1, “<SQL-clientmoduledefinition>”, for the actions tobeperformed
after the last call of an <externally-invoked procedure> by an SQL-agent.

8) If any error is detected during execution of a <disconnect statement>, then a completion condition
is raised:warning— disconnect error (01002).

9) If C is contained in L, then there is no current SQL-connection following the execution of the <dis-
connect statement>. Otherwise, C remains the current SQL-connection.

Conformance Rules

1) Without Feature F771, “Connection management”, conforming SQL language shall not contain a
<disconnect statement>.
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19 Session management

This Clause is modified by Clause 14, “Session management”, in ISO/IEC 9075-9.
This Clause is modified by Clause 16, “Session management”, in ISO/IEC 9075-14.

19.1 <set session characteristics statement>

Function

Set one or more characteristics for the current SQL-session.

Format
<set session characteristics statement> ::=
SET SESSION CHARACTERISTICS AS <session characteristic list>

<session characteristic list> ::=
<session characteristic> [ { <comma> <session characteristic> }... ]

<session characteristic> ::=
<session transaction characteristics>

<session transaction characteristics> ::=
TRANSACTION <transaction mode> [ { <comma> <transaction mode> }... ]

Syntax Rules

1) <session transaction characteristics> shall contain at most one <isolation level>, at most one
<transaction access mode>, and at most one <diagnostics size>.

Access Rules

None.

General Rules

1) Let SCLbe the<session transaction characteristics>. LetESCbe the enduring session characteristics
of the current SQL-session.

2) If SCL contains an <isolation level> IL, then the transaction isolation level of ESC is set to the <level
of isolation> contained in IL.

3) If SCL contains a <transaction access mode> AM, then the transaction access mode of ESC is set to
read-only or read-write, according towhetherAM containsREADONLYorREADWRITE, respectively.

4) If SCL contains a <diagnostics size> DS, then the condition area limit of ESC is set to the <number
of conditions> contained in DS.
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Conformance Rules

1) Without Feature F761, “Session management”, conforming SQL language shall not contain a <set
session characteristics statement>.
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19.2 <set session user identifier statement>

Function

Set the SQL-session user identifier and the current user identifier of the current SQL-session context.

Format
<set session user identifier statement> ::=
SET SESSION AUTHORIZATION <value specification>

Syntax Rules

1) The declared type of the <value specification> shall be a character string type.

Access Rules

None.

General Rules

1) If a <set session user identifier statement> is executed and an SQL-transaction is currently active,
then an exception condition is raised: invalid transaction state — active SQL-transaction (25001).

2) Let S be <value specification> and let V be the character string that is the value of

TRIM ( BOTH ' ' FROM S )

3) If V does not conform to the Format and Syntax Rules of an <authorization identifier>, then an
exception condition is raised: invalid authorization specification (28000).

4) If V is not equal to the current value of the SQL-session user identifier of the current SQL-session
context, then the restrictions on the permissible values for V are implementation-defined (IA165).

5) If the current user identifier and the current role nameare restricted fromsetting theuser identifier
to V, then an exception condition is raised: invalid authorization specification (28000).

6) The SQL-session user identifier of the current SQL-session context is set to V.

7) The current user identifier is set to V.

8) The current role name is removed.
NOTE 749— The current role name is also the SQL-session role name.

Conformance Rules

1) Without Feature F321, “User authorization”, conforming SQL language shall not contain a <set
session user identifier statement>.
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19.3 <set role statement>

Function

Set the SQL-session role name and the current role name for the current SQL-session context.

Format
<set role statement> ::=
SET ROLE <role specification>

<role specification> ::=
<value specification>

| NONE

Syntax Rules

1) The declared type of the <value specification> shall be a character string type.

Access Rules

None.

General Rules

1) If a <set role statement> is executed and an SQL-transaction is currently active, then an exception
condition is raised: invalid transaction state — active SQL-transaction (25001).

2) If there is no current user identifier, then an exception condition is raised: invalid role specification
(0P000).

3) If <role specification> contains a <value specification>, then:

a) Let S be <value specification> and let V be the character string that is the value of

TRIM ( BOTH ' ' FROM S )

b) If V does not conform to the Format and Syntax Rules of a <role name>, then an exception
condition is raised: invalid role specification (0P000).

c) If no role authorization descriptor exists that indicates that the role identified by V has been
granted to either the current user identifier or to PUBLIC, then an exception condition is
raised: invalid role specification (0P000).

d) The SQL-session role name and the current role name are set to V.

4) If NONE is specified, then the current role name is removed.

Conformance Rules

1) Without Feature T331, “Basic roles”, conforming SQL language shall not contain a <set role state-
ment>.
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19.4 <set local time zone statement>

Function

Set the current default time zone displacement for the current SQL-session.

Format
<set local time zone statement> ::=
SET TIME ZONE <set time zone value>

<set time zone value> ::=
<interval value expression>

| LOCAL

Syntax Rules

1) The declared type of the <interval value expression> immediately contained in the <set time zone
value> shall be INTERVAL HOUR TO MINUTE.

Access Rules

None.

General Rules

1) Case:

a) If LOCAL is specified, then the current default time zone displacement of the current SQL-
session is set to the original time zone displacement of the current SQL-session.

b) Otherwise,

Case:

i) If the value V of the <interval value expression> is not the null value and is between
theminimumpermittednegative time zonedisplacement and themaximumpermitted
negative time zone displacement, then the current default time zone displacement of
the current SQL-session is set to V.

ii) Otherwise, an exception condition is raised:data exception— invalid time zone displace-
ment value (22009).

Conformance Rules

1) Without Feature F411, “Time zone specification”, conforming SQL language shall not contain a <set
local time zone statement>.
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19.5 <set catalog statement>

Function

Set thedefault catalogname forunqualified<schemaname>s in<preparable statement>s that areprepared
in the current SQL-sessionby an<execute immediate statement>or a<prepare statement> and in<direct
SQL statement>s that are invoked directly.

Format
<set catalog statement> ::=
SET <catalog name characteristic>

<catalog name characteristic> ::=
CATALOG <value specification>

Syntax Rules

1) The declared type of the <value specification> shall be a character string type.

Access Rules

None.

General Rules

1) Let S be <value specification> and let V be the character string that is the value of

TRIM ( BOTH ' ' FROM S )

2) If V does not conform to the Format and Syntax Rules of a <catalog name>, then an exception con-
dition is raised: invalid catalog name (3D000).

3) The default catalog name of the current SQL-session is set to V.

Conformance Rules

1) Without Feature F651, “Catalog name qualifiers”, conforming SQL language shall not contain a <set
catalog statement>.

2) Without Feature F761, “Session management”, conforming SQL language shall not contain a <set
catalog statement>.
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19.6 <set schema statement>

Function

Set the default schema name for unqualified <schema qualified name>s in <preparable statement>s that
are prepared in the current SQL-session by an <execute immediate statement> or a <prepare statement>
and in <direct SQL statement>s that are invoked directly.

Format
<set schema statement> ::=
SET <schema name characteristic>

<schema name characteristic> ::=
SCHEMA <value specification>

Syntax Rules

1) The declared type of the <value specification> shall be a character string type.

Access Rules

None.

General Rules

1) Let S be <value specification> and let V be the character string that is the value of

TRIM ( BOTH ' ' FROM S )

2) If V does not conform to the Format and Syntax Rules of a <schema name>, then an exception con-
dition is raised: invalid schema name (3F000).

3) Case:

a) If V conforms to the Format and Syntax Rules for a <schema name> that contains a <catalog
name>, then let X be the <catalog name> part and let Y be the <unqualified schema name>
part of V. The following statement is implicitly executed:

SET CATALOG 'X'

and the <set schema statement> is effectively replaced by:

SET SCHEMA 'Y'

b) Otherwise, the default unqualified schema name of the current SQL-session is set to V.

Conformance Rules

1) Without Feature F761, “Session management”, conforming SQL language shall not contain a <set
schema statement>.
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19.7 <set names statement>

Function

Set the default character set name for <character string literal>s in <preparable statement>s that are
prepared in the current SQL-session by an <execute immediate statement> or a <prepare statement>
and in <direct SQL statement>s that are invoked directly.

Format
<set names statement> ::=
SET <character set name characteristic>

<character set name characteristic> ::=
NAMES <value specification>

Syntax Rules

1) The declared type of the <value specification> shall be a character string type.

Access Rules

None.

General Rules

1) Let S be <value specification> and let V be the character string that is the value of

TRIM ( BOTH ' ' FROM S )

2) If V does not conform to the Format and Syntax Rules of a <character set name>, then an exception
condition is raised: invalid character set name (2C000).

3) The default character set name of the current SQL-session is set to V.

Conformance Rules

1) Without Feature F461, “Named character sets”, conforming SQL language shall not contain a <set
names statement>.

2) Without Feature F761, “Session management”, conforming SQL language shall not contain a <set
names statement>.

© ISO/IEC 2023 – All rights reserved 1275

ISO/IEC 9075-2:2023(E)
19.7 <set names statement>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


19.8 <set path statement>

Function

Set the SQL-pathused to determine the subject routine of <routine invocation>swith unqualified<routine
name>s in <preparable statement>s that are prepared in the current SQL-session by an <execute imme-
diate statement> or a <prepare statement> and in <direct SQL statement>s that are invoked directly.
The SQL-path remains the current SQL-path of the SQL-session until another SQL-path is successfully
set.

Format
<set path statement> ::=
SET <SQL-path characteristic>

<SQL-path characteristic> ::=
PATH <value specification>

Syntax Rules

1) The declared type of the <value specification> shall be a character string type.

Access Rules

None.

General Rules

1) Let S be <value specification> and let V be the character string that is the value of

TRIM ( BOTH ' ' FROM S )

a) If V does not conform to the Format and Syntax Rules of a <schema name list>, then an
exception condition is raised: invalid schema name list specification (0E000).

b) The SQL-path of the current SQL-session is set to V.
NOTE 750— A <set path statement> that is executed between a <prepare statement> and an <execute statement>
has no effect on the prepared statement.

Conformance Rules

1) Without Feature S071, “SQL paths in function and type name resolution”, conforming SQL language
shall not contain a <set path statement>.
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19.9 <set transform group statement>

Function

Set the group name that identifies the group of transform functions for mapping values of user-defined
types to predefined data types.

Format
<set transform group statement> ::=
SET <transform group characteristic>

<transform group characteristic> ::=
DEFAULT TRANSFORM GROUP <value specification>

| TRANSFORM GROUP FOR TYPE <path-resolved user-defined type name> <value specification>

Syntax Rules

1) The declared type of the <value specification> shall be a character string type.

2) If <path-resolved user-defined type name> is specified, then let UDT be the user-defined type
identified by that <path-resolved user-defined type name>.

Access Rules

None.

General Rules

1) Let S be <value specification> and let V be the character string that is the value of

TRIM ( BOTH ' ' FROM S )

a) If V does not conform to the Format and Syntax Rules of a <group name>, then an exception
condition is raised: invalid transform group name specification (0S000).

b) Case:

i) If <path-resolveduser-defined typename> is specified, then the transformgroupname
corresponding to all subtypes of UDT for the current SQL-session is set to V.

ii) Otherwise, the default transform group name for the current SQL-session is set to V.
NOTE 751— A <set transform group statement> that is executed after a <prepare statement> has no effect on the
prepared statement.

Conformance Rules

1) Without Feature S241, “Transform functions”, conforming SQL language shall not contain a <set
transform group statement>.
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19.10 <set session collation statement>

Function

Set the SQL-session collation of the SQL-session for one ormore character sets. An SQL-session collation
remains effective until another SQL-session collation for the same character set is successfully set.

Format
<set session collation statement> ::=

SET COLLATION <collation specification> [ FOR <character set specification list> ]
| SET NO COLLATION [ FOR <character set specification list> ]

<collation specification> ::=
<value specification>

Syntax Rules

1) The declared type of the <value specification> shall be a character string type.

Access Rules

None.

General Rules

1) Let S be <value specification> and let V be the character string that is the value of

TRIM ( BOTH ' ' FROM S )

a) IfV does not conform to the Format and Syntax Rules of a <collation name>, then an exception
condition is raised: invalid collation name (2H000).

b) Let CO be the collation identified by the <collation name> contained in V.

Case:

i) If <character set specification list> is specified, then

Case:

1) If the collation specified by CO is not applicable to any character set identified by
a <character set specification>, then an exception condition is raised: invalid col-
lation name (2H000).

2) Otherwise, for each character set specified, the SQL-session collation for that
character set in the current SQL-session is set to CO.

ii) Otherwise, the character sets for which the SQL-session collations are set to CO are
implementation-defined (ID236).

2) If SET NO COLLATION is specified, then

Case:
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a) If <character set specification list> is specified, then, for each character set specified, the SQL-
session collation for that character set in the current SQL-session is set to none.

b) Otherwise, the SQL-session collation for every character set in the current SQL-session is set
to none.

Conformance Rules

1) Without Feature F693, “SQL-session and client module collations”, conforming SQL language shall
not contain a <set session collation statement>.
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20 Dynamic SQL

This Clause is modified by Clause 9, “Dynamic SQL”, in ISO/IEC 9075-3.
This Clause is modified by Clause 16, “Dynamic SQL”, in ISO/IEC 9075-4.
This Clause is modified by Clause 15, “Dynamic SQL”, in ISO/IEC 9075-9.
This Clause is modified by Clause 17, “Dynamic SQL”, in ISO/IEC 9075-14.
This Clause is modified by Clause 15, “Dynamic SQL”, in ISO/IEC 9075-15.

20.1 Description of SQL descriptor areas
This Subclause is modified by Subclause 15.1, “Description of SQL descriptor areas”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 17.1, “Description of SQL descriptor areas”, in ISO/IEC 9075-14.
This Subclause is modified by Subclause 15.1, “Description of SQL descriptor areas”, in ISO/IEC 9075-15.

Function

Specify the identifiers, data types, and codes used in SQL item descriptor areas.

Syntax Rules

1) An SQL item descriptor area comprises the components specified in Table 29, “Data types of <key
word>s used in SQL item descriptor areas”.

2) AnSQLdescriptor area comprises the components specified inTable28, “Data typesof <keyword>s
used in theheader of SQLdescriptor areas”, and zero ormore occurrences of an SQL itemdescriptor
area.

3) Given an SQL itemdescriptor area IDA inwhich the value of LEVEL isN, the immediately subordinate
descriptor areas of IDA are those SQL item descriptor areas in which the value of LEVEL is N+1 and
whose position in the SQL descriptor area follows that of IDA and precedes that of any SQL item
descriptor area in which the value of LEVEL is less than N+1.

NOTE 752— The value of LEVEL for the first SQL item descriptor area is always 0 (zero).

The subordinate descriptor areas of IDA are those SQL item descriptor areas that are immediately
subordinatedescriptor areasof IDAor that are subordinatedescriptor areasof anSQL itemdescriptor
area that is immediately subordinate to IDA.

4) Given a data typeDT and its descriptorDE, the immediately subordinate descriptors ofDE are defined
to be

Case:

a) If DT is a row type, then the field descriptors of the fields of DT. The i-th immediately subor-
dinate descriptor is the descriptor of the i-th field of DT.

b) If DT is a collection type, then the descriptor of the associated element type of DT.

The subordinate descriptorsofDE are thosedescriptors that are immediately subordinatedescriptors
of DE or that are subordinate descriptors of a descriptor that is immediately subordinate to DE.

5) Given a descriptor DE, let SDEj represent its j-th immediately subordinate descriptor. There is an
implied ordering of the subordinate descriptors of DE, such that:
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SDE1 is in the first ordinal position.a)

b) The ordinal position of SDEj+1 is K+NS+1, where K is the ordinal position of SDEj andNS is the
number of subordinate descriptors of SDEj. The implicitly ordered subordinate descriptors
of SDEj occupy contiguous ordinal positions starting at position K+1.

6) An item descriptor area IDA is valid if and only if TYPE indicates a code defined in Table 30, “Codes
used for SQL data types in Dynamic SQL”, and exactly one of the following is true.

a) TYPE indicatesCHARACTER, CHARACTERVARYING, orCHARACTERLARGEOBJECT, LENGTH
is a valid length value for TYPE, and CHARACTER_SET_CATALOG, CHARACTER_SET_SCHEMA,
and CHARACTER_SET_NAME are the fully qualified name of a character set that is valid for
TYPE.

b) TYPE indicates CHARACTER LARGE OBJECT LOCATOR.

c) TYPE indicates BINARY, BINARY VARYING, or BINARY LARGE OBJECT and LENGTH is a valid
length value for the TYPE.

d) TYPE indicates BINARY LARGE OBJECT LOCATOR.

e) TYPE indicates NUMERIC and PRECISION and SCALE are valid precision and scale values for
the NUMERIC data type.

f) TYPE indicates DECIMAL and PRECISION and SCALE are valid precision and scale values for
the DECIMAL data type.

g) TYPE indicates SMALLINT, INTEGER, BIGINT, REAL, or DOUBLE PRECISION.

h) TYPE indicates DECFLOAT and PRECISION is a valid precision value for the DECFLOAT data
type.

i) TYPE indicates FLOAT and PRECISION is a valid precision value for the FLOAT data type.

j) TYPE indicates BOOLEAN.

k) TYPE indicates a <datetime type>, DATETIME_INTERVAL_CODE is a code specified inTable 31,
“Codes associated with datetime data types in Dynamic SQL”, and PRECISION is a valid value
for the <time precision> or <timestamp precision> of the indicated datetime data type.

l) TYPE indicates an<interval type>, DATETIME_INTERVAL_CODE is a code specified inTable 32,
“Codes used for <interval qualifier>s inDynamic SQL”, andDATETIME_INTERVAL_PRECISION
and PRECISION are valid values for <interval leading field precision> and <interval fractional
seconds precision> for an <interval qualifier>.

m) TYPE indicates JSON.

n) TYPE indicates USER-DEFINED TYPE LOCATOR and USER_DEFINED_TYPE_CATALOG,
USER_DEFINED_TYPE_SCHEMA, andUSER_DEFINED_TYPE_NAMEare the fullyqualifiedname
of a valid user-defined type.

o) TYPE indicates REF, LENGTH is the length in octets for the REF type, and
USER_DEFINED_TYPE_CATALOG, USER_DEFINED_TYPE_SCHEMA, and
USER_DEFINED_TYPE_NAME are a valid fully qualified user-defined type name, and
SCOPE_CATALOG, SCOPE_SCHEMA, and SCOPE_NAME are a valid fully qualified table name.

p) TYPE indicates ROW, the valueN of DEGREE is a valid value for the degree of a row type, there
are exactlyN immediately subordinate descriptor areas of IDA and those SQL item descriptor
areas are valid.
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q) 15TYPE indicates ARRAY or ARRAY LOCATOR, the value of CARDINALITY is a valid value for
the cardinality of an array, there is exactly one immediately subordinate descriptor area of
IDA, and that SQL item descriptor area is valid.

r) TYPE indicates MULTISET or MULTISET LOCATOR, there is exactly one immediately subor-
dinate descriptor area of IDA, and that SQL item descriptor area is valid.

s) 09TYPE indicates an implementation-defined (IV220) data type.

7) The declared type T of a <simple value specification> or a <simple target specification> SVT is said
tomatch the data type specified by a valid item descriptor area IDA if and only if exactly one of the
following is true.

a) TYPE indicates CHARACTER and T is specified by CHARACTER(L), where L is the value of
LENGTHand the<character set specification> formedby thevaluesof CHARACTER_SET_CATA-
LOG, CHARACTER_SET_SCHEMA, and CHARACTER_SET_NAME identifies the character set of
SVT.

b) Either TYPE indicates CHARACTER VARYING and T is specified by CHARACTER VARYING(L)
or TYPE indicates CHARACTER LARGE OBJECT and T is specified by CHARACTER LARGE
OBJECT(L), where the <character set specification> formed by the values of CHARAC-
TER_SET_CATALOG, CHARACTER_SET_SCHEMA, and CHARACTER_SET_NAME identifies the
character set of SVT and

Case:

i) SVT is a <simple value specification> and L is the value of LENGTH.

ii) SVT is a <simple target specification> and L is not less than the value of LENGTH.

c) TYPE indicates CHARACTER LARGE OBJECT LOCATOR and T is specified by CHARACTER
LARGE OBJECT LOCATOR.

d) TYPE indicates BINARY and T is specified by BINARY(L), where L is the value of LENGTH.

e) Either TYPE indicates BINARY VARYING and T is specified by BINARY VARYING(L) or TYPE
indicates BINARY LARGE OBJECT and T is specified by BINARY LARGE OBJECT(L), and

Case:

i) STV is a <simple value specification> and L is the value of LENGTH.

ii) STV is a <simple target specification> and L is not less than the value of LENGTH.

f) TYPE indicatesBINARYLARGEOBJECTLOCATORandT is specifiedbyBINARYLARGEOBJECT
LOCATOR.

g) TYPE indicates NUMERIC and T is specified by NUMERIC(P,S), where P is the value of PRECI-
SION and S is the value of SCALE.

h) TYPE indicatesDECIMALandT is specifiedbyDECIMAL(P,S),whereP is thevalueofPRECISION
and S is the value of SCALE.

i) TYPE indicates SMALLINT and T is specified by SMALLINT.

j) TYPE indicates INTEGER and T is specified by INTEGER.

k) TYPE indicates BIGINT and T is specified by BIGINT.

l) TYPE indicates DECFLOAT and T is specified by DECFLOAT(P), where P is the value of PRECI-
SION.

m) TYPE indicates FLOAT and T is specified by FLOAT(P), where P is the value of PRECISION.
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n) TYPE indicates REAL and T is specified by REAL.

o) TYPE indicates DOUBLE PRECISION and T is specified by DOUBLE PRECISION.

p) TYPE indicates BOOLEAN and T is specified by BOOLEAN.

q) TYPE indicates JSON and T is specified by JSON.

r) TYPE indicates USER-DEFINED TYPE LOCATOR and T is specified by USER-DEFINED TYPE
LOCATOR, where the values of USER_DEFINED_TYPE_CATALOG,
USER_DEFINED_TYPE_SCHEMA, andUSER_DEFINED_TYPE_NAMEare the fullyqualifiedname
of the associated user-defined type of SVT.

s) TYPE indicates REF and T is specified by REF, where the <user-defined type name> formed
by the values of USER_DEFINED_TYPE_CATALOG, USER_DEFINED_TYPE_SCHEMA, and
USER_DEFINED_TYPE_NAME identifies the referenced type of SVT, and SCOPE_CATALOG,
SCOPE_SCHEMA, and SCOPE_NAME identify the scope of the reference type.

t) TYPE indicates ROW, and T is a row type with degree D, where D is the value of DEGREE, and
the data type of the i-th field of SVTmatches the data type specified by the i-th immediately
subordinate descriptor area of IDA.

u) TYPE indicates ARRAY and T is an array type with maximum cardinality C and the data type
of the element type of Tmatches the data type specified by the immediately subordinate
descriptor area of IDA, and

Case:

i) SVT is a <simple value specification> and C is the value of CARDINALITY.

ii) SVT is a <simple target specification> and C is not less than the value of CARDINALITY.

v) 15TYPE indicates ARRAY LOCATOR and T is an array locator typewhose associated array type
hasmaximum cardinality C and the data type of the element type of the associated array type
of Tmatches the data type specified by the immediately subordinate descriptor area of IDA,
and

Case:

i) SVT is a <simple value specification> and C is the value of CARDINALITY.

ii) SVT is a <simple target specification> and C is not less than the value of CARDINALITY.

w) TYPE indicates MULTISET and T is a multiset type and the data type of the element type of T
matches the data type specified by the immediately subordinate descriptor area of IDA.

x) TYPE indicates MULTISET LOCATOR and T is a multiset locator type and the data type of the
element type of Tmatches the data type specified by the immediately subordinate descriptor
area of IDA.

y) TYPE indicates a data type from Table 30, “Codes used for SQL data types in Dynamic SQL”,
other than an implementation-defined (IE002) data type and T satisfies the implementation-
defined (IA080) rules for matching that data type.

z) 09TYPE indicates an implementation-defined (IE002) data type and T satisfies the implemen-
tation-defined (IA080) rules for matching that data type.

8) A data type DT is said to be represented by an SQL item descriptor area if a <simple value specifica-
tion> of type DTmatches the SQL item descriptor area.
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Table 28—Data types of <key word>s used in the header of SQL descriptor areas

Data Type<key word>

exact numeric with scale 0 (zero)COUNT

character string with character set SQL_IDENTIFIER and
length not less than 128 characters

DYNAMIC_FUNCTION

exact numeric with scale 0 (zero)DYNAMIC_FUNCTION_CODE

exact numeric with scale 0 (zero)KEY_TYPE

exact numeric with scale 0 (zero)TOP_LEVEL_COUNT

Table 29—Data types of <key word>s used in SQL item descriptor areas

Data Type<key word>

exact numeric with scale 0 (zero)CARDINALITY

character string with character set SQL_IDENTIFIER and
length not less than 128 characters

CHARACTER_SET_CATALOG

character string with character set SQL_IDENTIFIER and
length not less than 128 characters

CHARACTER_SET_NAME

character string with character set SQL_IDENTIFIER and
length not less than 128 characters

CHARACTER_SET_SCHEMA

character string with character set SQL_IDENTIFIER and
length not less than 128 characters

COLLATION_CATALOG

character string with character set SQL_IDENTIFIER and
length not less than 128 characters

COLLATION_NAME

character string with character set SQL_IDENTIFIER and
length not less than 128 characters

COLLATION_SCHEMA

matches thedata type representedby theSQL itemdescriptor
area

DATA

exact numeric with scale 0 (zero)DATETIME_INTERVAL_CODE

exact numeric with scale 0 (zero)DATETIME_INTERVAL_PRECISION

exact numeric with scale 0 (zero)DEGREE

exact numeric with scale 0 (zero)INDICATOR

exact numeric with scale 0 (zero)KEY_MEMBER

exact numeric with scale 0 (zero)LENGTH
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Data Type<key word>

exact numeric with scale 0 (zero)LEVEL

character string with character set SQL_IDENTIFIER and
length not less than 128 characters

NAME

exact numeric with scale 0 (zero)NULLABLE

exact numeric with scale 0 (zero)NULL_ORDERING

exact numeric with scale 0 (zero)OCTET_LENGTH

exact numeric with scale 0 (zero)PARAMETER_MODE

exact numeric with scale 0 (zero)PARAMETER_ORDINAL_POSITION

character string with character set SQL_IDENTIFIER and
length not less than 128 characters

PARAMETER_SPECIFIC_CATALOG

character string with character set SQL_IDENTIFIER and
length not less than 128 characters

PARAMETER_SPECIFIC_NAME

character string with character set SQL_IDENTIFIER and
length not less than 128 characters

PARAMETER_SPECIFIC_SCHEMA

exact numeric with scale 0 (zero)PRECISION

exact numeric with scale 0 (zero)RETURNED_CARDINALITY

exact numeric with scale 0 (zero)RETURNED_LENGTH

exact numeric with scale 0 (zero)RETURNED_OCTET_LENGTH

exact numeric with scale 0 (zero)SCALE

character string with character set SQL_IDENTIFIER and
length not less than 128 characters

SCOPE_CATALOG

character string with character set SQL_IDENTIFIER and
length not less than 128 characters

SCOPE_NAME

character string with character set SQL_IDENTIFIER and
length not less than 128 characters

SCOPE_SCHEMA

exact numeric with scale 0 (zero)SORT_DIRECTION

exact numeric with scale 0 (zero)TYPE

exact numeric with scale 0 (zero)UNNAMED

character string with character set SQL_IDENTIFIER and
length not less than 128 characters

USER_DEFINED_TYPE_CATALOG

character string with character set SQL_IDENTIFIER and
length not less than 128 characters

USER_DEFINED_TYPE_NAME
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Data Type<key word>

character string with character set SQL_IDENTIFIER and
length not less than 128 characters

USER_DEFINED_TYPE_SCHEMA

exact numeric with scale 0 (zero)USER_DEFINED_TYPE_CODE

NOTE 753— “Matches” and “represented by”, as applied to the relationship between a data type and an SQL item
descriptor area are defined in the Syntax Rules of this Subclause.

Access Rules

None.

General Rules

1) Table 30, “Codes used for SQL data types in Dynamic SQL”, specifies the codes associated with the
SQL data types.

Table 30— Codes used for SQL data types in Dynamic SQL

CodeData Type

< 0 (zero)implementation-defined (IV220) data
types

50ARRAY

51ARRAY LOCATOR

25BIGINT

60BINARY

61BINARY VARYING

30BINARY LARGE OBJECT

31BINARY LARGE OBJECT LOCATOR

16BOOLEAN

1 (one)CHARACTER

12CHARACTER VARYIN

40CHARACTER LARGE OBJECT

41CHARACTER LARGE OBJECT LOCATOR

9DATE, TIMEWITHOUTTIMEZONE, TIME
WITHTIMEZONE,TIMESTAMPWITHOUT
TIME ZONE, or TIMESTAMPWITH TIME
ZONE
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CodeData Type

26DECFLOAT

3DECIMAL

8DOUBLE PRECISION

6FLOAT

4INTEGER

10INTERVAL

65JSON

55MULTISET

56MULTISET LOCATOR

2NUMERIC

7REAL

5SMALLINT

19ROW TYPE

20REF

17User-defined types

18USER-DEFINED TYPE LOCATOR

2) Table 31, “Codes associatedwithdatetimedata types inDynamic SQL”, specifies the codes associated
with the datetime data types.

Table 31— Codes associated with datetime data types in Dynamic SQL

CodeDatetime Data Type

1 (one)DATE

4TIMEWITH TIME ZONE

2TIMEWITHOUT TIME ZONE

5TIMESTAMPWITH TIME ZONE

3TIMESTAMPWITHOUT TIME ZONE

3) Table 32, “Codes used for <interval qualifier>s in Dynamic SQL”, specifies the codes associatedwith
<interval qualifier>s for interval data types.
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Table 32— Codes used for <interval qualifier>s in Dynamic SQL

CodeInterval Qualifier

3DAY

8DAY TO HOUR

9DAY TO MINUTE

10DAY TO SECOND

4HOUR

11HOUR TO MINUTE

12HOUR TO SECOND

5MINUTE

13MINUTE TO SECOND

2MONTH

6SECOND

1 (one)YEAR

7YEAR TO MONTH

4) The value of DYNAMIC_FUNCTION is a character string that identifies the type of the prepared or
executed SQL-statement. Table 39, “SQL-statement codes”, specifies the identifier of the SQL-
statements.

5) The value of DYNAMIC_FUNCTION_CODE is a number that identifies the type of the prepared or
executed SQL-statement. Table 39, “SQL-statement codes”, specifies the code of the SQL-statements.

6) Table 33, “Codes used for input/output SQL parameter modes in Dynamic SQL”, specifies the codes
used for the PARAMETER_MODE item descriptor component when describing a <call statement>.

Table 33— Codes used for input/output SQL parameter modes in Dynamic SQL

CodeParameter mode

1 (one)PARAMETER_MODE_IN

2PARAMETER_MODE_INOUT

4PARAMETER_MODE_OUT

7) Table 34, “Codes associatedwith user-defined types inDynamic SQL”, specifies the codes associated
with user-defined types.
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Table 34— Codes associated with user-defined types in Dynamic SQL

CodeUser-Defined Type

1 (one)DISTINCT

2STRUCTURED

8) Table 35, “Codes associatedwith sort direction”, specifies the codes used to describe sort directions
in the SQL item descriptor areas of a PTF descriptor area of the ordering of a <table argument>.

Table 35— Codes associated with sort direction

CodeSort direction

1 (one)SORT_ASC

−1 (negative one)SORT_DESC

9) Table 36, “Codes associated with null ordering”, specifies the codes used to describe whether nulls
are sorted first or last in the SQL item descriptor areas of a PTF descriptor area of the ordering of
a <table argument>.

Table 36— Codes associated with null ordering

CodeNull ordering

1 (one)NULLS_FIRST

−1 (negative one)NULLS_LAST

Conformance Rules

None.
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20.2 <allocate descriptor statement>

Function

Allocate an SQL descriptor area.

Format
<allocate descriptor statement> ::=
ALLOCATE [ SQL ] DESCRIPTOR <conventional descriptor name> [ WITH MAX <occurrences> ]

<occurrences> ::=
<simple value specification>

Syntax Rules

1) The declared type of <occurrences> shall be exact numeric with scale 0 (zero).

2) IfWITHMAX<occurrences> is not specified, then an implementation-defined (ID237)default value
for <occurrences> that is greater than 0 (zero) is implicit.

Access Rules

None.

General Rules

1) Case:

a) If a <conventional descriptor name> is an <extended descriptor name>, then let S be the
<simple value specification> that is immediately contained in <extended descriptor name>
and let V be the character string that is the result of

TRIM ( BOTH ' ' FROM S )

Case:

i) If V does not conform to the Format and Syntax Rules of an <identifier>, then an
exception condition is raised: invalid SQL descriptor name (33000).

ii) Otherwise, let DN be the <extended descriptor name>. The value of DN is V.

b) Otherwise, let DN be the <non-extended descriptor name>.

2) Themaximumnumber of SQL descriptor areas that can be allocated at one time is implementation-
defined (IL206).

3) If <occurrences> is less than1 (one) or is greater than an implementation-defined (IL207)maximum
value, then an exception condition is raised: dynamic SQL error— invalid descriptor index (07009).

4) Case:

a) If DN identifies an SQL descriptor area, then an exception condition is raised: invalid SQL
descriptor name (33000).
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b) Otherwise, an SQL descriptor area is created that is identified byDN. The SQL descriptor area
will have at least <occurrences> number of SQL item descriptor areas. The value of LEVEL in
each of the item descriptor areas is set to 0 (zero). The value of every other component in the
SQL descriptor area is implementation-dependent (UV110).

Conformance Rules

1) Without Feature B030, “Enhanced dynamic SQL”, conforming SQL language shall not contain an
<occurrences> that is not a <literal>.

2) Without FeatureB031, “Basic dynamic SQL”, conforming SQL language shall not contain an<allocate
descriptor statement>.
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20.3 <deallocate descriptor statement>

Function

Deallocate an SQL descriptor area.

Format
<deallocate descriptor statement> ::=
DEALLOCATE [ SQL ] DESCRIPTOR <conventional descriptor name>

Syntax Rules

None.

Access Rules

None.

General Rules

1) Case:

a) If <conventional descriptor name>doesnot identify an SQLdescriptor area, then an exception
condition is raised: invalid SQL descriptor name (33000).

b) Otherwise, the SQLdescriptor area identifiedby<conventional descriptor name> is destroyed.

Conformance Rules

1) Without FeatureB031, “Basic dynamic SQL”, conformingSQL language shall not contain a<deallocate
descriptor statement>.
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20.4 <get descriptor statement>
This Subclause is modified by Subclause 15.2, “<get descriptor statement>”, in ISO/IEC 9075-15.

Function

Get information from an SQL descriptor area.

Format
<get descriptor statement> ::=
GET [ SQL ] DESCRIPTOR <descriptor name> <get descriptor information>

<get descriptor information> ::=
<get header information> [ { <comma> <get header information> }... ]

| VALUE <item number> <get item information>
    [ { <comma> <get item information> }... ]

<get header information> ::=
<get header information target specification> <equals operator> <header item name>

<header item name> ::=
COUNT

| KEY_TYPE
| DYNAMIC_FUNCTION
| DYNAMIC_FUNCTION_CODE
| TOP_LEVEL_COUNT

<get item information> ::=
<get item information target specification> <equals operator> <descriptor item name>

<item number> ::=
<simple value specification>

<get header information target specification> ::=
<simple target specification>

<get item information target specification> ::=
<simple target specification>

15 <descriptor item name> ::=
CARDINALITY

| CHARACTER_SET_CATALOG
| CHARACTER_SET_NAME
| CHARACTER_SET_SCHEMA
| COLLATION_CATALOG
| COLLATION_NAME
| COLLATION_SCHEMA
| DATA
| DATETIME_INTERVAL_CODE
| DATETIME_INTERVAL_PRECISION
| DEGREE
| INDICATOR
| KEY_MEMBER
| LENGTH
| LEVEL
| NAME
| NULLABLE
| NULL_ORDERING
| OCTET_LENGTH
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| PARAMETER_MODE
| PARAMETER_ORDINAL_POSITION
| PARAMETER_SPECIFIC_CATALOG
| PARAMETER_SPECIFIC_NAME
| PARAMETER_SPECIFIC_SCHEMA
| PRECISION
| RETURNED_CARDINALITY
| RETURNED_LENGTH
| RETURNED_OCTET_LENGTH
| SCALE
| SCOPE_CATALOG
| SCOPE_NAME
| SCOPE_SCHEMA
| SORT_DIRECTION
| TYPE
| UNNAMED
| USER_DEFINED_TYPE_CATALOG
| USER_DEFINED_TYPE_NAME
| USER_DEFINED_TYPE_SCHEMA
| USER_DEFINED_TYPE_CODE

Syntax Rules

1) The declared type of <item number> shall be exact numeric with scale 0 (zero).

2) For each<getheader information>, thedeclared typeof <get header information target specification>
shall be that shown in the Data Type column of the row in Table 28, “Data types of <key word>s
used in the header of SQL descriptor areas”, whose <key word> column value is equivalent to
<header item name>.

3) For each <get item information>, the declared type of <get item information target specification>
shall be that shown in the Data Type column of the row in Table 29, “Data types of <key word>s
used in SQL item descriptor areas”, whose <key word> column value is equivalent to <descriptor
item name>.

Access Rules

None.

General Rules

1) If <descriptor name>does not identify an SQLdescriptor area, then an exception condition is raised:
invalid SQL descriptor name (33000).

2) If the <item number> specified in a <get descriptor statement> is greater than the value of <occur-
rences> specified when the SQL descriptor area identified by the <descriptor name>was allocated
or less than 1 (one), then an exception condition is raised: dynamic SQL error — invalid descriptor
index (07009).

3) If the <item number> specified in a <get descriptor statement> is greater than the value of COUNT,
then a completion condition is raised: no data (02000).

4) If the declared type of the <simple target specification> associated with the keyword DATA does
not match the data type represented by the item descriptor area, then an exception condition is
raised: data exception— error in assignment (22005).

NOTE 754— “Match” and “represented by” are defined in the Syntax Rules of Subclause 20.1, “Description of SQL
descriptor areas”.
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5) Let i be the value of the <item number> contained in <get descriptor information>. Let IDA be the
i-th item descriptor area. If a <get item information> specifies DATA, then:

a) If IDA is subordinate to an item descriptor area whose TYPE field indicates ARRAY, ARRAY
LOCATOR,MULTISET, orMULTISET LOCATOR, then an exception condition is raised: dynamic
SQL error — undefined DATA value (0700C).

b) If TYPE in IDA indicates ROW, then an exception condition is raised: dynamic SQL error —
undefined DATA value (0700C).

c) If the value of INDICATOR is negative and no <get item information> specifies INDICATOR,
then an exception condition is raised: data exception— null value, no indicator parameter
(22002).

6) If an exception condition is raised in a <get descriptor statement>, then the values of all targets
specifiedby<get header information target specification>and<get item information target specific-
ation> are implementation-dependent (UV111).

7) A<get descriptor statement> retrieves values from theSQLdescriptor area specifiedby<descriptor
name>. The values retrieved are specified by the <get descriptor information>. If <get descriptor
information> specifies one or more <get header information>s, then the values retrieved are those
identified by the <header item name>s contained in those <get header information>s. If <get
descriptor information> specifies one or more <get item information>s, then the values retrieved
are those identified by the <descriptor item name>s contained in those <get item information>s in
the item descriptor area identified by <item number>. For each item, the value that is retrieved is
the one established by themost recently executed <allocate descriptor statement>, <set descriptor
statement>, <describe statement>, <copy descriptor statement>, General Rule of Subclause 9.24,
“Compilation of an invocation of a polymorphic table function”, or General Rule of Subclause 9.25,
“Execution of an invocation of a polymorphic table function”, that references the specified SQL
descriptor area. The value retrieved by a <get descriptor statement> for any component whose
value is undefined is implementation-dependent (UV112).

Case:

a) If <get descriptor information> contains one or more <get header information>s, then for
each<getheader information>specified, theGeneralRulesof Subclause9.2, “Store assignment”,
are applied with <get header information target specification> as TARGET and the value V in
the SQL descriptor area of the field identified by the <header item name> as VALUE.

b) If <get descriptor information> contains one or more <get item information>s, then:

i) Let i be the value of the <item number> contained in the <get descriptor information>.

ii) For each <get item information> specified, the General Rules of Subclause 9.2, “Store
assignment”, are applied with <get item information target specification> as TARGET
and the value V in the i-th SQL item descriptor area of the component identified by the
<descriptor item name> as VALUE.

Conformance Rules

1) Without at least one of Feature B031, “Basic dynamic SQL” or Feature B209, “PTF extended names”,
conforming SQL language shall not contain a <get descriptor statement>.

2) Without Feature T301, “Functional dependencies”, conforming SQL language shall not contain a
<descriptor item name> that contains KEY_MEMBER.

3) Without Feature B209, “PTF extended names”, <descriptor name> shall not be a <PTF descriptor
name>.
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4) Without Feature B209, “PTF extended names”, conforming SQL language shall not contain a
<descriptor item name> that contains NULL_ORDERING or SORT_DIRECTION.
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20.5 <set descriptor statement>

Function

Set information in an SQL descriptor area.

Format
<set descriptor statement> ::=
SET [ SQL ] DESCRIPTOR <descriptor name> <set descriptor information>

<set descriptor information> ::=
<set header information> [ { <comma> <set header information> }... ]

| VALUE <item number> <set item information>
    [ { <comma> <set item information> }... ]

<set header information> ::=
<header item name> <equals operator> <set header information value specification>

<set item information> ::=
<descriptor item name> <equals operator> <set item information value specification>

<set header information value specification> ::=
<simple value specification>

<set item information value specification> ::=
<simple value specification>

Syntax Rules

1) Let DN be the <descriptor name>.

2) For each<set header information>, <header itemname>shall not beKEY_TYPE, TOP_LEVEL_COUNT,
DYNAMIC_FUNCTION, or DYNAMIC_FUNCTION_CODE, and the declared type of <set header
information value specification> shall be that shown in theDataType columnof the rowof Table 28,
“Data types of <keyword>s used in the header of SQL descriptor areas”, whose <keyword> column
value is equivalent to <header item name>.

3) For each <set item information>:

a) <descriptor item name> shall not be RETURNED_LENGTH, RETURNED_OCTET_LENGTH,
RETURNED_CARDINALITY, OCTET_LENGTH, NULLABLE, KEY_MEMBER, UNNAMED, PARA-
METER_MODE, PARAMETER_ORDINAL_POSITION, PARAMETER_SPECIFIC_CATALOG,
PARAMETER_SPECIFIC_SCHEMA, PARAMETER_SPECIFIC_NAME, or
USER_DEFINED_TYPE_CODE.

b) If DN is a <conventional descriptor name>, then <descriptor item name> shall not be COLLA-
TION_CATALOG, COLLATION_SCHEMA, COLLATION_NAME, or NAME.

c) No <descriptor itemname> shall be specifiedmore than once in a <set descriptor statement>.

d) The declared type of <set item information value specification> shall be that shown in the
Data Type column of the row in Table 29, “Data types of <key word>s used in SQL item
descriptor areas”, whose <key word> column value is equivalent to <descriptor item name>.

4) If DN is a <conventional descriptor name> and the <descriptor item name> specifies DATA, then
<set item information value specification> shall not be a <literal>.
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Access Rules

None.

General Rules

1) If DN does not identify an SQL descriptor area SDA, then an exception condition is raised: invalid
SQL descriptor name (33000).

2) If the <item number> specified in a <set descriptor statement> is greater than the value of <occur-
rences> specifiedwhen SDAwas allocated or less than1 (one), then an exception condition is raised:
dynamic SQL error — invalid descriptor index (07009).

3) When more than one value is set in a single <set descriptor statement>, the values are effectively
assigned in the following order: LEVEL, NAME, TYPE, DATETIME_INTERVAL_CODE, DATE-
TIME_INTERVAL_PRECISION, PRECISION, SCALE, CHARACTER_SET_CATALOG, CHARAC-
TER_SET_SCHEMA, CHARACTER_SET_NAME, COLLATION_CATALOG, COLLATION_SCHEMA, COL-
LATION_NAME, USER_DEFINED_TYPE_CATALOG, USER_DEFINED_TYPE_SCHEMA,
USER_DEFINED_TYPE_NAME, SCOPE_CATALOG, SCOPE_SCHEMA, SCOPE_NAME, LENGTH, INDIC-
ATOR, DEGREE, CARDINALITY, and DATA.

When any value other than DATA is set, the value of DATA becomes undefined.

4) For every <set item information> specified, letDINbe the <descriptor itemname>, letVbe the value
of the <set item information value specification>, let N be the value of <item number>, and let IDA
be the N-th item descriptor area of SDA.

Case:

a) If DIN is DATA, then:

i) If IDA is subordinate to an item descriptor area whose TYPE component indicates
ARRAY, ARRAY LOCATOR, MULTISET, or MULTISET LOCATOR, then an exception
condition is raised: dynamic SQL error — invalid DATA target (0700D).

ii) If TYPE in IDA indicates ROW, then an exception condition is raised: dynamic SQL error
— invalid DATA target (0700D).

iii) If the most specific type of V does not match the data type specified by the item
descriptor area, then an exception condition is raised: data exception— error in
assignment (22005).

NOTE 755— “Match” is defined in the Syntax Rules of Subclause 20.1, “Description of SQL descriptor
areas”.

iv) The value of DATA in IDA is set to V.

b) If DIN is LEVEL, then:

i) If N is 1 (one) and V is not 0 (zero), then an exception condition is raised: dynamic SQL
error — invalid LEVEL value (0700E).

ii) IfN is greater than1 (one), then letPIDAbe IDA’s immediately preceding itemdescriptor
area and let K be its LEVEL value.

1) If V = K+1 and TYPE in PIDA does not indicate ROW, ARRAY, ARRAY LOCATOR,
MULTISET, MULTISET LOCATOR, then an exception condition is raised: dynamic
SQL error — invalid LEVEL value (0700E).
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2) If V > K+1, then an exception condition is raised: dynamic SQL error — invalid
LEVEL value (0700E).

3) If V < K+1, then let OIDAi be the i-th item descriptor area to which PIDA is subor-
dinate and whose TYPE component indicates ROW, let NSi be the number of
immediately subordinate descriptor areas of OIDAi between OIDAi and IDA and
let Di be the value of DEGREE in OIDAi.

A) For eachOIDAiwhose LEVEL value is greater than V, ifDi is not equal toNSi,
then an exception condition is raised: dynamic SQL error — invalid LEVEL
value (0700E).

B) If K is not 0 (zero), then let OIDAj be the OIDAiwhose LEVEL value is K. If
there exists no such OIDAj or Dj is not greater than NSj, then an exception
condition is raised: dynamic SQL error — invalid LEVEL value (0700E).

iii) The value of LEVEL in IDA is set to V.

c) If DIN is TYPE, then:

i) The value of TYPE in IDA is set to V.

ii) The value of all components other than TYPE and LEVEL in IDA are set to implemen-
tation-dependent (UV113) values.

iii) Case:

1) IfV indicatesCHARACTER,CHARACTERVARYING,orCHARACTERLARGEOBJECT,
then CHARACTER_SET_CATALOG, CHARACTER_SET_SCHEMA, and CHARAC-
TER_SET_NAME in IDA are set to the values for the default character set name
for the SQL-session and LENGTH in IDA is set to 1 (one). If SDA is a PTF descriptor
area, then COLLATION_CATALOG, COLLATION_SCHEMA, and COLLATION_NAME
are set to the default collation name for the default character set of the SQL-ses-
sion.

2) If V indicates CHARACTER LARGE OBJECT LOCATOR, then LENGTH in IDA is set
to 1 (one).

3) IfV indicatesBINARY, BINARYVARYING, orBINARYLARGEOBJECT, thenLENGTH
in IDA is set to 1 (one).

4) If V indicates BINARY LARGE OBJECT LOCATOR, then LENGTH in IDA is set to 1
(one).

5) If V indicates DATETIME, then PRECISION in IDA is set to 0 (zero).

6) If V indicates INTERVAL, then DATETIME_INTERVAL_PRECISION in IDA is set to
2.

7) If V indicates NUMERIC or DECIMAL, then SCALE in IDA is set to 0 (zero) and
PRECISION in IDA is set to the implementation-defined (IA235) default value for
the precision of NUMERIC or DECIMAL data types, respectively.

8) If V indicates DECFLOAT, then PRECISION in IDA is set to the implementation-
defined (IA235) default value for the precision of the DECFLOAT data type.

9) IfV indicates FLOAT, then PRECISION in IDA is set to the implementation-defined
(IA235) default value for the precision of the FLOAT data type.

d) If DIN is DATETIME_INTERVAL_CODE, then
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Case:

i) If TYPE in IDA indicates DATETIME, then

Case:

1) If V indicates DATE, TIME, or TIMEWITH TIME ZONE, then PRECISION in IDA is
set to 0 (zero) and DATETIME_INTERVAL_CODE in IDA is set to V.

2) If V indicates TIMESTAMP or TIMESTAMPWITH TIME ZONE, then PRECISION
in IDA is set to 6 and DATETIME_INTERVAL_CODE in IDA is set to V.

3) Otherwise, an exception condition is raised: dynamic SQL error — invalid DATE-
TIME_INTERVAL_CODE (0700F).

ii) If TYPE in IDA indicates INTERVAL, then

Case:

1) If V indicates DAY TO SECOND, HOUR TO SECOND, MINUTE TO SECOND, or
SECOND, then PRECISION in IDA is set to 6, DATETIME_INTERVAL_PRECISION
in IDA is set to 2 and DATETIME_INTERVAL_CODE in IDA is set to V.

2) If V indicates YEAR, MONTH, DAY, HOUR, MINUTE, YEAR TO MONTH, DAY TO
HOUR, DAY TO MINUTE, or HOUR TO MINUTE, then PRECISION in IDA is set to
0 (zero), DATETIME_INTERVAL_PRECISION in IDA is set to 2 and DATE-
TIME_INTERVAL_CODE in IDA is set to V.

3) Otherwise, an exception condition is raised: dynamic SQL error — invalid DATE-
TIME_INTERVAL_CODE (0700F).

iii) Otherwise, an exception condition is raised: dynamic SQL error — invalid DATE-
TIME_INTERVAL_CODE (0700F).

e) Otherwise, the General Rules of Subclause 9.2, “Store assignment”, are applied with the com-
ponent of IDA identified by DIN as TARGET and V as VALUE.

5) For each<set header information> specified, theGeneral Rules of Subclause 9.2, “Store assignment”,
are appliedwith the component identified by <header item name> as TARGET and the value of <set
header information value specification> as VALUE.

6) If SDA is a PTF descriptor area, then the TOP_LEVEL_COUNT component of the header is set to the
number of SQL item descriptors of SDA in which the LEVEL component is 0 (zero).

7) If an exception condition is raised in a <set descriptor statement>, then the values of all elements
of the item descriptor area specified in the <set descriptor statement> are implementation-
dependent (UV114).

8) Restrictions on changing TYPE, LENGTH, PRECISION, SCALE, DATETIME_INTERVAL_CODE, DATE-
TIME_INTERVAL_PRECISION, CHARACTER_SET_CATALOG, CHARACTER_SET_SCHEMA, CHARAC-
TER_SET_NAME, USER_DEFINED_TYPE_CATALOG, USER_DEFINED_TYPE_SCHEMA,
USER_DEFINED_TYPE_NAME, SCOPE_CATALOG, SCOPE_SCHEMA,andSCOPE_NAMEvalues resulting
from the execution of a <describe statement>before execution of an <execute statement>, <dynamic
open statement>, or <dynamic fetch statement> are implementation-defined (IA235).

Conformance Rules

1) Without at least one of Feature B031, “Basic dynamic SQL”, or Feature B209, “PTF extended names”,
conforming SQL language shall not contain a <set descriptor statement>.
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2) Without Feature B209, “PTF extended names”, <descriptor name> shall not be a <PTF descriptor
name>.
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20.6 <copy descriptor statement>

Function

Copy one SQL descriptor area, in whole or in part, to another SQL descriptor area.

Format
<copy descriptor statement> ::=

<copy whole descriptor statement>
| <copy item descriptor statement>

<copy whole descriptor statement> ::=
COPY <source descriptor name> TO <target descriptor name>

<copy item descriptor statement> ::=
COPY <source descriptor name> VALUE <item number 1>

<left paren> <copy descriptor options> <right paren>
TO <target descriptor name> VALUE <item number 2>

<source descriptor name> ::=
<descriptor name>

<target descriptor name> ::=
<PTF descriptor name>

<item number 1> ::=
<simple value specification>

<item number 2> ::=
<simple value specification>

<copy descriptor options> ::=
NAME

| TYPE
| NAME <comma> TYPE
| DATA

Syntax Rules

1) The declared types of <item number 1> and <item number 2> shall be exact numeric with scale 0
(zero).

Access Rules

None.

General Rules

1) Let CDS be the <copy descriptor statement>.

2) If <source descriptor name> SDN does not identify an SQL descriptor area, then an exception con-
dition is raised: invalid SQL descriptor name (33000).

3) Let SDA be the SQL descriptor area identified by SDN. Let SIC be the number of item descriptor
areas of SDA.
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4) If <targetdescriptorname>TDNdoesnot identify anSQLdescriptor area, thenanexception condition
is raised: invalid SQL descriptor name (33000).

5) Let TDA be the SQL descriptor area identified by TDN. Let TIC be the number of item descriptor
areas of TDA.

6) If <copy whole descriptor statement> is specified, then:

a) If SIC is greater than the maximum number of SQL item descriptors permitted by TDA, then
an exception condition is raised: dynamic SQL error — invalid descriptor index (07009).

b) The number of SQL item descriptors of TDA is set to SIC.

c) Theheader and all SQL itemdescriptors of SDA are copied to theheader and the corresponding
SQL item descriptors of TDA.

7) If <copy item descriptor statement> is specified, then:

a) Let IN1 be the value of <item number 1>.

b) If IN1 is greater than SIC or less than 1 (one), then an exception condition is raised: dynamic
SQL error — invalid descriptor index (07009).

c) Let SI be the IN1-th SQL item descriptor area of SDA. If the LEVEL component of SI is not 0
(zero), then an exception condition is raised: dynamic SQL error — invalid descriptor index
(07009).

d) Let IN2 be the value of <item number 2>.

e) If IN2 is less than 1 (one) or greater than the maximum number of SQL item descriptors per-
mitted by TDA, then an exception condition is raised: dynamic SQL error — invalid descriptor
index (07009).

f) Case:

i) If IN2 ≤ TIC, then let TI be the IN2-th SQL item descriptor area of TDA. If the LEVEL
component of TI is not 0 (zero), then an exception condition is raised: dynamic SQL
error — invalid descriptor index (07009).

ii) Otherwise, the number of SQL item descriptors in TDA is increased to IN2. The LEVEL
component of each new SQL item descriptor is set to 0 (zero). The COUNT component
of the header area of TDA is increased to IN2. The TOP_LEVEL_COUNT component of
TDA is set to the number of SQL item descriptors in SDAwhose LEVEL component is
0 (zero). Let TI be the IN2-th item descriptor area of TDA.

g) Let CDO be the <copy descriptor options>.

h) Case:

i) If CDO is DATA, then the DATA component of TI is set to the value of the DATA compon-
ent of SI.

ii) If CDO is NAME, then the NAME component of TI is set to the value of the NAME com-
ponent of SI.

iii) Otherwise:

1) If CDO contains NAME, then the NAME component of TI is set to the value of the
NAME component of SI.

2) Case:
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A) If SI has no subordinate items, then the TYPE, LENGTH, PRECISION, SCALE,
DATETIME_INTERVAL_CODE,DATETIME_INTERVAL_PRECISION, CHARAC-
TER_SET_CATALOG, CHARACTER_SET_SCHEMA, CHARACTER_SET_NAME,
COLLATION_CATALOG, COLLATION_SCHEMA, COLLATION_NAME,
USER_DEFINED_TYPE_CATALOG, USER_DEFINED_TYPE_SCHEMA,
USER_DEFINED_TYPE_NAME, SCOPE_CATALOG, SCOPE_SCHEMA, and
SCOPE_NAME components of TI are set to the value of the corresponding
components of SI.

B) Otherwise, let K be the number of subordinate items of SI.

I) If IN2 + K is greater than the maximum number of SQL item
descriptors permitted in TDA, then an exception condition is raised:
dynamic SQL error — invalid descriptor index (07009).

II) If IN2 + K > TIC, then the number of SQL item descriptors in TDA is
increased to IN2 + K. The LEVEL component of each new SQL item
descriptor is set to 0 (zero). The COUNT component of the header
area of TDA is increased to IN2 + K.

III) For all k, 0 (zero) ≤ k ≤ K:

1) Let SIK be the (IN2 + k)-th item descriptor area of SDA.

2) Let TIK be the (IN2 + k)-th item descriptor area of TDA.

3) The LEVEL, TYPE, LENGTH, PRECISION, SCALE, DATE-
TIME_INTERVAL_CODE, DATETIME_INTERVAL_PRECISION,
CHARACTER_SET_CATALOG, CHARACTER_SET_SCHEMA,
CHARACTER_SET_NAME, COLLATION_CATALOG, COLLA-
TION_SCHEMA, COLLATION_NAME,
USER_DEFINED_TYPE_CATALOG,
USER_DEFINED_TYPE_SCHEMA,USER_DEFINED_TYPE_NAME,
SCOPE_CATALOG, SCOPE_SCHEMA, andSCOPE_NAMEcompon-
ents ofTIKare set to thevalueof the corresponding components
of SIK.

IV) The TOP_LEVEL_COUNT component of the header of TDA is set to
the number of SQL item descriptors of TDA in which the LEVEL
component is 0 (zero).

Conformance Rules

1) Without Feature B209, “PTF extended names”, conforming SQL language shall not contain <copy
descriptor statement>.
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20.7 <prepare statement>
This Subclause is modified by Subclause 16.1, “<prepare statement>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 15.2, “<prepare statement>”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 17.4, “<prepare statement>”, in ISO/IEC 9075-14.

Function

Prepare a statement for execution.

Format
<prepare statement> ::=
PREPARE <SQL statement name> [ <attributes specification> ]

FROM <SQL statement variable>

<attributes specification> ::=
ATTRIBUTES <attributes variable>

<attributes variable> ::=
<simple value specification>

<SQL statement variable> ::=
<simple value specification>

<preparable statement> ::=
<preparable SQL data statement>

| <preparable SQL schema statement>
| <preparable SQL transaction statement>
| <preparable SQL control statement>
| <preparable SQL session statement>
| <preparable implementation-defined statement>

<preparable SQL data statement> ::=
<delete statement: searched>

| <dynamic single row select statement>
| <insert statement>
| <dynamic select statement>
| <update statement: searched>
| <truncate table statement>
| <merge statement>
| <preparable dynamic delete statement: positioned>
| <preparable dynamic update statement: positioned>
| <hold locator statement>
| <free locator statement>

<preparable SQL schema statement> ::=
<SQL schema statement>

<preparable SQL transaction statement> ::=
<SQL transaction statement>

<preparable SQL control statement> ::=
<SQL control statement>

<preparable SQL session statement> ::=
<SQL session statement>

<dynamic select statement> ::=
<cursor specification>
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<preparable implementation-defined statement> ::=
!! See the Syntax Rules.

Syntax Rules

1) The <simple value specification> of <SQL statement variable> shall not be a <literal>.

2) Thedeclared types of each of <SQL statement variable> and<attributes variable> shall be character
string.

3) The Format and Syntax Rules for <preparable implementation-defined statement> are implemen-
tation-defined (IA164).

4) A <preparable SQL control statement> shall not contain an <SQL procedure statement> that is not
a<preparable statement>, nor shall it contain a<dynamic single rowselect statement>or a<dynamic
select statement>.

Access Rules

None.

General Rules

1) 09 Let P be the contents of the <SQL statement variable>. If P is an <SQL control statement>, then
let PS be an <SQL procedure statement> contained in P.

2) Two subfields SF1 and SF2 of row types RT1 and RT2 are corresponding subfields if SF1 and SF2 are
positionally corresponding fields of RT1 and RT2, respectively, or if SF1 and SF2 are positionally
corresponding fields of RT1SF1 and RT2SF2 and RT1SF1 and RT2SF2 are the declared types of cor-
responding subfields of RT1 and RT2, respectively.

3) Let DTGN be the default transform group name and let TFL be the list of {user-defined type name
— transform group name} pairs used to identify the group of transform functions for every user-
defined type that is referenced in P. DTGN and TFL are not affected by the execution of a <set
transform group statement> after P is prepared.

4) A data type is undefined if it is neither a data type defined in this standard nor a data type defined
by the SQL-implementation.

5) 04LetMP be the implementation-defined (IL009) maximum value of <precision> for the NUMERIC
data type. LetML be the implementation-defined (IL006) maximum length of variable-length
character strings. A <value expression> that is either a <dynamic parameter specification> or a
<dynamic parameter specification> immediately enclosed in any number of <left paren>-<right
paren> pairs is called a dynamic parameter marker. For each dynamic parameter marker DP in P
or PS, let DT denote the declared type of DP, which is undefined unless defined by these General
Rules. The syntactic substitutions specified in Subclause 14.15, “<set clause list>”, shall not be
applied until the data types of <dynamic parameter specification>s are determined by this General
Rule.

a) Case:

i) If DP is immediately followed by an <interval qualifier> IQ, then DT is INTERVAL IQ.

ii) If DP is the <numeric value expression> simply contained in an <array element refer-
ence>, then DT is NUMERIC (MP, 0).
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iii) If DP is the <string value expression> simply contained in a <char length expression>
or an <octet length expression>, then DT is CHARACTER VARYING(ML) with an
implementation-defined (IV219) character set.

iv) If DP is either the <numeric value expression dividend> X1 or the <numeric value
expression divisor> X2 simply contained in a <modulus expression>, then DT is the
declared type of X2 or the declared type of X1, respectively.

v) If DP is either X1 or X2 in a <position expression> of the form “POSITION ( X1 IN X2 )”,
then

Case:

1) If the declared type of X2 or the declared type of X1, respectively, is CHARACTER
or CHARACTERVARYINGwith character set CS, thenDT is CHARACTERVARYING
(ML) with character set CS.

2) Otherwise, DT is the declared type of X2 or X1, respectively.

vi) IfDP is either X2 or X3 in a <string value function> of the form “SUBSTRING ( X1 FROM
X2 FOR X3 )” or “SUBSTRING ( X1 FROM X2 )”, then DT is NUMERIC (MP, 0).

vii) If DP is either X1, X2, or X3 in a <string value function> of the form “SUBSTRING (X1
SIMILAR X2 ESCAPE X3 )”, then:

1) Case:

A) If the declared type of X1 is CHARACTER, CHARACTER VARYING, or CHAR-
ACTER LARGE OBJECT, then let CS be the character set of X1.

B) If the declared type of X2 is CHARACTER, CHARACTER VARYING, or CHAR-
ACTER LARGE OBJECT, then let CS be the character set of X2.

C) If the declared type of X3 is CHARACTER, CHARACTER VARYING, or CHAR-
ACTER LARGE OBJECT, then let CS be the character set of X3.

D) Otherwise, CS is undefined.

2) If CS is defined, then:

A) If DP is X1 or X2, then DT is CHARACTER VARYING(ML) with character set
CS.

B) If DP is X3, then DT is CHARACTER(1) with character set CS.

viii) If DP is any of X1, X2, X3, or X4 in a <string value function> of the form “OVERLAY ( X1
PLACING X2 FROM X3 FOR X4 )” or “OVERLAY ( X1 PLACING X2 FROM X3 )”, then

Case:

1) If DP is X1 or X2, then

Case:

A) If the declared type ofX2 orX1, respectively, is CHARACTERor CHARACTER
VARYING with character set CS, DT is CHARACTER VARYING (ML) with
character set CS.

B) Otherwise, DT is the declared type of X2 or X1, respectively.

2) Otherwise, DT is NUMERIC (MP, 0).

ix) If DP is either X1 or X2 in a <value expression> of the form “X1 || X2”, then
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Case:

1) If the declared type of X2 or X1, respectively, is CHARACTER or CHARACTER
VARYING with character set CS, then DT is CHARACTER VARYING (ML) with
character set CS.

2) Otherwise, DT is the declared type of X2 or X1, respectively.

x) If DP is either X1 or X2 in <value expression> of the form “X1 * X2” or “X1 / X2”, then

Case:

1) If DP is X1, then DT is the declared type of X2.

2) Otherwise,

Case:

A) If the declared type of X1 is an interval type, then DT is NUMERIC (MP, 0).

B) Otherwise, DT is the declared type of X2 or X1, respectively.

xi) If DP is either X1 or X2 in a <value expression> of the form “X1 + X2” or “X1 - X2”, then

Case:

1) If DP is X1 in an expression of the form “X1 - X2”, then DT is the declared type of
X2.

2) Otherwise,

Case:

A) If the declared type of X2 or X1, respectively, is date, then DT is INTERVAL
YEAR (PR) TO MONTH, where PR is the implementation-defined (IL059)
maximum <interval leading field precision>.

B) If the declared type of X2 or X1, respectively, is time or timestamp, then DT
is INTERVALDAY (PR) TOSECOND(FR),wherePR andFR are the implemen-
tation-defined (IL059) maximum <interval leading field precision> and
implementation-defined (IL060) maximum <interval fractional seconds
precision>, respectively.

C) Otherwise, DT is the declared type of X2 or X1, respectively.

xii) IfDP is the <value expression primary> simply contained in a <boolean primary>, then
DT is BOOLEAN.

xiii) If DP is an <array element> simply contained in an <array element list> AEL or DP
represents the value of a subfield SF of the declared type of an <array element> simply
contained in an <array element list> AEL, then the Syntax Rules of Subclause 9.5,
“Result of data type combinations”, are applied with the declared types of the <array
element>s simply contained in AEL as DTSET; let ET be the RESTYPE returned from
the application of those Syntax Rules.

Case:

1) If DP is an <array element> of AEL, then DT is ET.

2) Otherwise, DT is the declared type of the subfield of ET that corresponds to SF.

xiv) If DP is a <multiset element> simply contained in a <multiset element list>MEL or DP
represents the value of a subfield SFof the declared type of a <multiset element> simply
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contained in a <multiset element list>MEL, then the Syntax Rules of Subclause 9.5,
“Result of data type combinations”, are appliedwith thedeclared types of the<multiset
element>s simply contained inMEL as DTSET; let ET be the RESTYPE returned from
the application of those Syntax Rules.

Case:

1) If DP is a <multiset element> ofMEL, then DT is ET.

2) Otherwise, DT is the declared type of the subfield of ET that corresponds to SF.

xv) IfDP is the<cast operand>simply contained in a<cast specification>CSorDP represents
the value of a subfield SF of the declared type of the <cast operand> simply contained
in a <cast specification> CS, then let CT be the simply contained <cast target> of CS.

1) Let RT be a data type determined as follows.

Case:

A) If CT immediately contains ARRAY or MULTISET, then RT is undefined.

B) If CT immediately contains <data type>, then RT is that data type.

C) If CT simply contains <domain name> D, then RT is the declared type of the
domain identified by D.

2) Case:

A) If DP is the <cast operand> of CS, DT is RT.

B) Otherwise, DT is the declared type of the subfield of RT that corresponds
to SF.

xvi) If DP is a <value expression> simply contained in a <case abbreviation> CA or DP rep-
resents the value of a subfield SF of the declared type of such a <value expression>,
then the Syntax Rules of Subclause 9.5, “Result of data type combinations”, are applied
with the declared types of the <value expression>s simply contained in CA as DTSET;
let RT be the RESTYPE returned from the application of those Syntax Rules.

Case:

1) If DP is a <value expression> simply contained in CA, then DT is RT.

2) Otherwise, DT is the declared type of the subfield of RT that corresponds to SF.

xvii) If DP is a <result expression> simply contained in a <case specification> CE or DP rep-
resents the value of a subfield SF of the declared type of such a <result expression>,
then Syntax Rules of Subclause 9.5, “Result of data type combinations”, are applied
with the declared types of the <result expression>s simply contained in CE as DTSET;
let RT be the RESTYPE returned from the application of those Syntax Rules.

Case:

1) If DP is a <result expression> simply contained in CE, then DT is RT.

2) Otherwise, DT is the declared type of the subfield of RT that corresponds to SF.

xviii) If DP is a <case operand> or <when operand> simply contained in a <simple case> CE
orDP represents the value of a subfield SFof the declared type of such a <case operand>
or <when operand>, then:

1) Let SDT be the set union of the following sets of declared types:
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The set consisting of the declared type of the <case operand>.A)

B) The set consisting of the declared type of any <when operand> of CE that
is a <row value predicand>.

C) The set consistingof thedeclared typesof any<rowvaluepredicand> simply
contained in any <comparison predicate part 2>, <between predicate part
2>, <character like predicate part 2>, <octet like predicate part 2>, <similar
predicate part 2>, <regex like predicate part 2>, <overlaps predicate part
2>, <distinct predicate part 2>, or <member predicate part 2> that is simply
contained in CE.

D) The set consisting of the declared row type of a <table subquery> simply
contained in an <in predicate part 2>, <match predicate part 2>, or <quan-
tified comparison predicate part 2> simply contained in CE.

E) 14The set consisting of the declared types of the <row value expression>s
simply contained in an <in value list> simply contained in an <in predicate
part 2> simply contained in CE.

NOTE756—The following “part 2” predicates donot have any value expressionswithdeclared
type information: <null predicate part 2>, <normalized predicate part 2>, <set predicate part
2>, <type predicate part 2>.

2) The SyntaxRules of Subclause 9.5, “Result of data type combinations”, are applied
with SDT asDTSET; let RT be the RESTYPE returned from the application of those
Syntax Rules.

3) Case:

A) If DP is a <case operand> or <when operand> simply contained in CE, then
DT is RT.

B) Otherwise, DT is the declared type of the subfield of RT that corresponds
to SF.

xix) IfDP is a <row value expression> or <contextually typed row value expression> simply
contained in a<table value constructor>or<contextually typed table value constructor>
TVC, or if DP represents the value of a subfield SF of the declared type of such a <row
value expression> or <contextually typed row value expression>, then

Case:

1) Let RT be a data type determined as follows.

Case:

A) If TVC is simply contained in a <query expression> that is simply contained
in an <insert statement> IS or ifTVC is immediately contained in the <insert
columns and source> of an <insert statement> IS, then RT is a row type in
which thedeclared typeof the i-thfield is thedeclared typeof the i-th column
in the explicit or implicit <insert column list> of IS and the degree of RT is
equal to the number of columns in the explicit or implicit <insert column
list> of IS.

B) Otherwise, the Syntax Rules of Subclause 9.5, “Result of data type combina-
tions”, are applied with the declared types of the <row value expression>s
or <contextually typed row value expression>s simply contained in TVC as
DTSET; letRTbe theRESTYPE returned from the applicationof those Syntax
Rules.
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2) Case:

A) If DP is a <row value expression> or <contextually typed row value
expression> simply contained in TVC, then DT is RT.

B) Otherwise, DT is the declared type of the subfield of RT that corresponds
to SF.

xx) If DP is the <value expression> simply contained in a <merge insert value list> of a
<merge insert specification>MIS of a <merge statement> or ifDP represents the value
of a subfield SF of the declared type of such a <value expression>, then let RT be the
data type indicated in the columndescriptor for the positionally corresponding column
in the explicit or implicit <insert column list> contained inMIS.

Case:

1) If DP is the <value expression> simply contained inMIS, then DT is RT.

2) Otherwise, DT is the declared type of the subfield of RT that corresponds to SF.

xxi) IfDP is a<rowvaluepredicand>simply contained in a<comparisonpredicate>, <distinct
predicate>, or <between predicate> PR or if DP represents the value of a subfield SF of
the declared type of such a <row value predicand>, then Syntax Rules of Subclause 9.5,
“Result of data type combinations”, are applied with the declared types of the <row
value predicand>s simply contained in PR as DTSET; let RT be the RESTYPE returned
from the application of those Syntax Rules.

Case:

1) If DP is a <row value predicand> simply contained in PR, then DT is RT.

2) Otherwise, DT is the declared type of the subfield of RT that corresponds to SF.

xxii) IfDP is a <row value predicand> simply contained in a <quantified comparison predic-
ate>or <matchpredicate>PRorDP represents the value of a subfield SFof thedeclared
type of such a <row value predicand>, then let RT be the declared type of the <table
subquery> simply contained in PR.

Case:

1) If DP is a <row value predicand> simply contained in PR, then DT is RT.

2) Otherwise, DT is the declared type of the subfield of RT that corresponds to SF.

xxiii) If DP is a <row value predicand> simply contained in an <in predicate> PR or if DP
represents the value of a subfield SF of the declared type of such a <row value predic-
and>, then the Syntax Rules of Subclause 9.5, “Result of data type combinations”, are
applied with the declared types of the <row value predicand>s simply contained in PR
and the declared row type of the <table subquery> (if any) simply contained in PR as
DTSET; let RT be the RESTYPE returned from the application of those Syntax Rules.

Case:

1) If DP is a <row value predicand> simply contained in PR, then DT is RT.

2) Otherwise, DT is the declared type of the subfield of RT that corresponds to SF.

xxiv) If DP is the first <row value constructor element> simply contained in either <row
value predicand 1> RV1 or <row value predicand 2> RV2 in an <overlaps predicate>
PR, then

Case:
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1) If both RV1 and RV2 simply contain a <row value constructor predicand> whose
first <row value constructor element> is a dynamic parameter marker, then DT
is TIMESTAMPWITH TIME ZONE.

2) Otherwise, if DP is simply contained in RV1 or RV2, then DT is the declared type
of the first field of RV2 or RV1, respectively.

xxv) If DP is simply contained in a <character like predicate>, <octet like predicate>, or
<similar predicate> PR, then let X1 represent the <row value predicand> immediately
contained in PR, let X2 represent the <character pattern>, the <octet pattern> or the
<similar pattern>, and let X3 represent the <escape character> or the <escape octet>.

Case:

1) If all X1, X2 and X3 are dynamic parameter markers, then DT is CHARACTER
VARYING (ML) with an implementation-defined (IV219) character set.

2) Otherwise, the Syntax Rules of Subclause 9.5, “Result of data type combinations”,
are applied with the declared types of X1, X2 and X3 as DTSET; let RT be the
RESTYPE returned from the application of those Syntax Rules.

Case:

A) If RT is CHARACTER or CHARACTER VARYING with character set CS, then
DT is CHARACTER VARYING(ML) with character set CS.

B) Otherwise, DT is RT.

xxvi) IfDP is the <value expression> simply contained in an<update source>of a <set clause>
SC or if DP represents the value of a subfield SF of the declared type of such a <value
expression>, then let RT be the declared type of the <update target> or <mutated set
clause> specified in SC.

Case:

1) If DP is the <value expression> simply contained in SC, then DT is RT.

2) Otherwise, DT is the declared type of the subfield of RT that corresponds to SF.

xxvii) 04 IfDP is a <contextually typed row value expression> simply contained in a <multiple
columnassignment>MCAof a <set clause> SC or ifDP represents the value of a subfield
SF of the declared type of such a <contextually typed row value expression>, then let
RT be a row type in which the declared type of the i-th field is the declared type of the
<update target>or<mutated set clause> immediately contained in the i-th <set target>
contained in the <set target list> ofMCA.

Case:

1) If DP is a <contextually typed row value expression> simply contained inMCA,
then DT is RT.

2) Otherwise, DT is the declared type of the subfield of RT that corresponds to SF.

xxviii) IfDP is the <value specification> immediately contained in a <catalog name character-
istic>, <schema name characteristic>, <character set name characteristic>, <SQL-path
characteristic>, <transform group characteristic>, <role specification> or <set session
user identifier statement>, then DT is CHARACTER VARYING (ML) with an implemen-
tation-defined (IV219) character set.

xxix) IfDP is the <interval value expression> immediately contained in a <set local time zone
statement>, then DT is INTERVAL HOUR TO MINUTE.
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xxx) 04 IfDP is an <SQL argument> of a <routine invocation> RI or ifDP represents the value
of a subfield SF of the declared type of a <value expression> immediately contained in
such an <SQL argument>, and if DP is the i-th <SQL argument> of RI or is contained in
the i-th <SQL argument> of RI, then:

1) TheSyntaxRulesof Subclause9.18, “InvokinganSQL-invoked routine”, are applied
withRI asROUTINE INVOCATION, an empty <schemaname> list as SQLPATH, and
the null value as UDT; let SR be the SUBJECT ROUTINE and let SAL be the STATIC
SQL ARG LIST returned from the application of those Syntax Rules.

NOTE 757— The SAL returned is not used.

2) Let RT denote the declared type of the i-th SQL parameter of SR.

Case:

A) If DP is the i-th <SQL argument> of RI, then DT is RT.

B) Otherwise, DT is the declared type of the subfield of RT that corresponds
to SF.

xxxi) If DP is contained in a <window frame preceding> or a <window frame following>
contained in a <window specification>WS, then

Case:

1) IfWS specifies ROWS or GROUPS, then DT is NUMERIC(MP, 0).

2) Otherwise, let SDT be the data type of the single <sort key> contained inWS.

Case:

A) If SDT is a numeric type, then DT is SDT.

B) If SDT is DATE, then DT is INTERVAL DAY.

C) If SDT is TIME(P) WITHOUT TIME ZONE or TIME(P) WITH TIME ZONE,
then DT is INTERVAL HOUR TO SECOND(P).

D) If SDT is TIMESTAMP(P) WITHOUT TIME ZONE or TIMESTAMP(P) WITH
TIME ZONE, then DT is INTERVAL DAY TO SECOND(P).

E) If SDT is an interval type, then DT is SDT.

xxxii) If DP is a <number of tiles> simply contained in an <ntile function>, or if DP is an <nth
row> simply contained in an <nth value function>, then DT is INTEGER.

xxxiii) If DP is <row marker offset>, then DT is NUMERIC(MP, 0).

xxxiv) If DP is <value_of default value> simply contained in a <value_of expression at row>
VOF, then DT is the declared type of the <value expression> immediately contained in
VOF.

xxxv) IfDP is a <locator reference> simply contained in a <hold locator statement> or a <free
locator statement>, then DT is INTEGER.

xxxvi) IfDP is an <XQuery pattern>, <XQuery option flag>, <regex subject string>, or <XQuery
replacement string> immediately contained in a <regex occurrences function>, <regex
position expression>, <regex substring function>, <regex transliteration>, or <regex
like predicate> FUN and if there exists an <XQuery pattern>, <XQuery option flag>,
<regex subject string>, or<XQuery replacement string> immediately contained inFUN,
then let CS be the character set of the <XQuery pattern>, <XQuery option flag>, <regex
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subject string>, or <XQuery replacement string> that is not a <dynamic parameter
specification>. DT is CHARACTER VARYING (ML) CHARACTER SET CS.

xxxvii) 14 IfDP is a <start position>, <regex occurrence>, or <regex capture group> immediately
contained in a <regex occurrences function>, <regex position expression>, <regex
substring function>, or <regex transliteration>, then DT is NUMERIC(MP).

xxxviii) If DP is a <physical offset> or <logical offset> simply contained in a <row pattern nav-
igation operation>, then DT is NUMERIC(MP).

b) If DT is undefined, then an exception condition is raised: syntax error or access rule violation
(42000).

6) If P does not conform to the Format, Syntax Rules, and Access Rules of a <preparable statement>,
or if P contains a <simple comment>, then

Case:

a) If P contains a <preparable dynamic cursor name> that is ambiguous, then an exception con-
dition is raised: ambiguous cursor name (3C000).

b) If P contains a <preparable dynamic cursor name> that is invalid, then an exception condition
is raised: invalid cursor name (34000).

c) Otherwise, an exception condition is raised: syntax error or access rule violation (42000).

7) Whether a <dynamic parameter specification> is an input argument, an output argument, or both
an input and an output argument is determined as follows.

Case:

a) If P is a <call statement>, then:

i) Let SR be the subject routine of the <routine invocation> RI immediately contained in
P. Let n be the number of <SQL argument>s in the <SQL argument list> immediately
contained in RI.

ii) Let Ay, 1 (one) ≤ y ≤ n, be the y-th <SQL argument> of the <SQL argument list> immedi-
ately contained in RI.

iii) For each <dynamic parameter specification>D contained in some <SQL argument> Ak,
1 (one) ≤ k ≤ n:

1) D is an input <dynamic parameter specification> if the <parameter mode> of the
k-th SQL parameter of SR is IN or INOUT.

2) D is an output <dynamic parameter specification> if the <parameter mode> of
the k-th SQL parameter of SR is OUT or INOUT.

b) Otherwise:

i) If a <dynamic parameter specification> is contained in a <target specification>, then
it is an output <dynamic parameter specification>.

ii) If a <dynamic parameter specification> is contained in a <value specification>, then it
is an input <dynamic parameter specification>.

8) If <extended statement name> is specified for the <SQL statement name>, then let S be <simple
value specification> and let V be the character string that is the result of

TRIM ( BOTH ' ' FROM S )
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Case:

a) If V does not conform to the Format and Syntax Rules of an <identifier>, then an exception
condition is raised: invalid SQL statement identifier (30000).

b) Otherwise, let ESN be the <extended statement name>. The value of ESN is V.

9) If <SQL statement name> identifies a prepared statement PS, then an implicit

DEALLOCATE PREPARE SSN

is executed, where SSN is an <SQL statement name> that identifies PS.

10) P is prepared for execution, resulting in a prepared statement PRP.

Case:

a) If the <prepare statement> is contained in an <SQL-invoked routine> R, then

Case:

i) If the security characteristic of R is DEFINER, then the owner of PRP is set to the owner
of R.

ii) Otherwise, PRP has no owner.

b) If the <prepare statement> is contained in a triggered action, then the owner of PRP is set to
the owner of the trigger.

c) Otherwise,
NOTE 758— If the <prepare statement> is in neither of the above, then it must necessarily be immediately
contained in an externally-invoked procedure.

Case:

i) If the SQL-client module that includes the <prepare statement> has a <module
authorization identifier>MAI and FOR STATIC ONLY was not specified in the <SQL-
client module definition>, then the owner of PRP isMAI.

ii) Otherwise, PRP has no owner.

11) If <attributes specification> is specified, then let ATV be the contents of the <attributes variable>.
If ATV is not the zero-length character string and if ATV does not conform to the Format and Syntax
Rules of Subclause 20.8, “<cursor attributes>”, then an exception condition is raised: syntax error
or access rule violation (42000).

Conformance Rules

1) Without Feature B031, “Basic dynamic SQL”, conforming SQL language shall not contain a <prepare
statement>.

2) Without Feature B034, “Dynamic specification of cursor attributes”, conforming SQL language shall
not contain an <attributes specification>.
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20.8 <cursor attributes>

Function

Specify a list of cursor attributes.

Format
<cursor attributes> ::=
<cursor attribute>...

<cursor attribute> ::=
<cursor sensitivity>

| <cursor scrollability>
| <cursor holdability>
| <cursor returnability>

Syntax Rules

1) Eachof <cursor sensitivity>, <cursor scrollability>, <cursorholdability>and<cursor returnability>
shall be specified at most once.

Access Rules

None.

General Rules

None.

Conformance Rules

None.
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20.9 <deallocate prepared statement>
This Subclause is modified by Subclause 15.3, “<deallocate prepared statement>”, in ISO/IEC 9075-9.

Function

Deallocate SQL-statements that have been prepared with a <prepare statement>.

Format
<deallocate prepared statement> ::=
DEALLOCATE PREPARE <SQL statement name>

Syntax Rules

1) If <SQL statement name> is a <statement name>, then

Case:

a) If the <deallocate prepared statement> is contained in an <SQL-invoked routine>, then the
innermost containing <SQL-invoked routine> shall contain a <prepare statement> whose
<statement name> is equivalent to the <statement name> of the <deallocate prepared state-
ment>.

b) Otherwise, the containing<SQL-clientmodule definition> shall contain a <prepare statement>
whose <statement name> is equivalent to the <statement name> of the <deallocate prepared
statement>.

Access Rules

None.

General Rules

1) 09 If <SQL statement name> does not identify a prepared statement, then an exception condition is
raised: invalid SQL statement name (26000).

2) If <SQL statement name> identifies a prepared statement that is the <cursor specification> of an
open cursor, then an exception condition is raised: invalid cursor state (24000).

3) The prepared statement identified by the <SQL statement name> is destroyed. The cursor instance
descriptor of any declared dynamic cursor that is associated with the prepared statement is des-
troyed. The cursor declaration descriptor and cursor instance descriptor of any extended dynamic
cursor that is associated with the prepared statement identified by the <SQL statement name> is
destroyed. If the value of the <SQL statement name> identifies an existing prepared statement that
is a <cursor specification>, then any prepared statements that reference that cursor are destroyed.

Conformance Rules

1) Without Feature B030, “Enhanced dynamic SQL”, conforming SQL language shall not contain a
<deallocate prepared statement>.
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20.10 <describe statement>
This Subclause is modified by Subclause 15.4, “<describe statement>”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 15.3, “<describe statement>”, in ISO/IEC 9075-15.

Function

Obtain information about the <select list> columns or <dynamic parameter specification>s contained in
a prepared statement or about the columns of the result set associated with a cursor.

Format
<describe statement> ::=

<describe input statement>
| <describe output statement>

<describe input statement> ::=
DESCRIBE INPUT <SQL statement name> <using descriptor> [ <nesting option> ]

<describe output statement> ::=
DESCRIBE [ OUTPUT ] <described object> <using descriptor> [ <nesting option> ]

<nesting option> ::=
WITH NESTING

| WITHOUT NESTING

<using descriptor> ::=
USING [ SQL ] DESCRIPTOR <descriptor name>

<described object> ::=
<SQL statement name>

| CURSOR <cursor name> STRUCTURE

Syntax Rules

1) If <SQL statement name> is a <statement name>, then

Case:

a) If the <describe statement> is contained in an <SQL-invoked routine>, then the innermost
containing <SQL-invoked routine> shall contain a <prepare statement> whose <statement
name> is equivalent to the <statement name> of the <describe statement>.

b) Otherwise, the containing<SQL-clientmodule definition> shall contain a <prepare statement>
whose <statement name> is equivalent to the <statement name>of the <describe statement>.

2) If <nesting option> is not specified, then WITHOUT NESTING is implicit.

3) If <described object> simply contains a <cursor name> CN, then CN shall identify a received cursor.

4) The <descriptor name> contained in a <describe input statement> shall not be a <PTF descriptor
name>.

Access Rules

None.
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General Rules

1) 09 If <SQL statement name> is specified and does not identify a prepared statement PS, then an
exception condition is raised: invalid SQL statement name (26000).

2) If <cursor name> CN is specified, then:

a) Let CR be the received cursor identified by CN. If CR is not in the open state, then an exception
condition is raised: invalid cursor state (24000).

b) Let CS be the <cursor specification> contained in the result set descriptor of CR. Let ISSN be
an implementation-dependent (UV116) <SQL statement name> distinct from any other <SQL
statement name>s in the SQL-session. The following statement is executed:

PREPARE ISSN FROM CS

resulting in a prepared statement PS.

3) If <descriptor name>does not identify an SQLdescriptor area, then an exception condition is raised:
invalid SQL descriptor name (33000).

4) LetDAbe the descriptor area identifiedby<descriptor name>. LetNbe the <occurrences> specified
when DAwas allocated.

5) Case:

a) If the statement being executed is a <describe input statement>, then a descriptor for the
input <dynamic parameter specification>s for PS is stored inDA. LetD be the number of input
<dynamic parameter specification>s in PS prior to any syntactic transformations specified in
any Syntax Rules of the ISO/IEC 9075 series. If WITH NESTING is specified, then let NSi, 1
(one) ≤ i ≤ D, be the number of subordinate descriptors of the descriptor for the i-th input
dynamic parameter; otherwise, let NSi be 0 (zero).

NOTE 759— If a syntactic transformation has the apparent effect of replicating a <dynamic parameter spe-
cification>, then it is understood that each replication of the <dynamic parameter specification> represents
the same dynamic parameter and does not constitute a new dynamic parameter. For example:

? BETWEEN 1 AND 3

is transformed by the Syntax Rules of Subclause 8.3, “<between predicate>”, to:

(? >= 1 AND ? <= 3)

but there is still only one dynamic parameter, not two, as a result of this transformation.

b) If the statement being executed is a <describe output statement> and PS is a <dynamic select
statement> or a <dynamic single row select statement>, then a descriptor for the <select list>
columns for PS is stored in DA. Let T be the table defined by PS and let D be the degree of T. If
WITH NESTING is specified, then let NSi, 1 (one) ≤ i ≤ D, be the number of subordinate
descriptors of the descriptor for the i-th column of T; otherwise, let NSi be 0 (zero).

c) Otherwise, a descriptor for the output <dynamic parameter specification>s for PS is stored
in DA. Let D be the number of output <dynamic parameter specification>s in PS. If WITH
NESTING is specified, then let NSi, 1 (one) ≤ i ≤ D, be the number of subordinate descriptors
of the descriptor for the i-th output dynamic parameter; otherwise, let NSi be 0 (zero).

6) DA is set as follows:

a) Let TD be the value of D+NS1+NS2+...+NSD. COUNT is set to TD.

b) TOP_LEVEL_COUNT is set to D.
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c) DYNAMIC_FUNCTION and DYNAMIC_FUNCTION_CODE are set to the identifier and code,
respectively, forPS as shown inTable 39, “SQL-statement codes”. It is implementation-defined
(IA163) whether the identifier and code from Table 39, “SQL-statement codes”, for <dynamic
select statement> or <dynamic single row select statement> is used to describe a <dynamic
select statement> or <dynamic single row select statement> that has been prepared but has
not yet been executed dynamically.

d) If the statement being executed is a <describe output statement> and PS is a <dynamic select
statement> or a <dynamic single row select statement>, then

Case:

i) If some subset of the columns of T is the primary key of T, then KEY_TYPE is set to 1
(one).

ii) If some subset of the columns of T is the preferred candidate key of T, then KEY_TYPE
is set to 2.

iii) Otherwise, KEY_TYPE is set to 0 (zero).
NOTE 760— Primary keys and preferred candidate keys are defined in Subclause 4.26, “Functional depend-
encies”.

e) If TD is greater than N, then a completion condition is raised:warning— insufficient item
descriptor areas (01005).

f) If TD is 0 (zero) or TD is greater than N, then no item descriptor areas are set. Otherwise:

i) The first TD item descriptor areas are set with values from the descriptors and,
optionally, subordinate descriptors for

Case:

1) If the statement being executed is a <describe input statement>, then the input
<dynamic parameter specification>s.

2) If the statementbeingexecuted is a<describeoutput statement>and the statement
being described is a <dynamic select statement> or a <dynamic single row select
statement>, then the columns of T.

3) Otherwise, the output <dynamic parameter specification>s.

ii) The descriptor for the first such column or <dynamic parameter specification> is
assigned to the first item descriptor area.

iii) If the descriptor for the j-th column or <dynamic parameter specification> is assigned
to the k-th item descriptor area, then:

1) The descriptor for the (j+1)-th column or <dynamic parameter specification> is
assigned to the (k+NSj)+1-th item descriptor area.

2) IfWITHNESTING is specified, then the implicitly ordered subordinate descriptors
for the j-th columnor <dynamic parameter specification>are assigned to contigu-
ous item descriptor areas starting at the (k+1)-th item descriptor area.

7) AnSQL itemdescriptor area, if set, consists of values for LEVEL, TYPE,NULLABLE,NAME,UNNAMED,
PARAMETER_ORDINAL_POSITION, PARAMETER_SPECIFIC_CATALOG, PARAMETER_SPE-
CIFIC_SCHEMA, PARAMETER_SPECIFIC_NAME, and other components depending on the value of
TYPE as described below. The DATA and INDICATOR components are not relevant. Those compon-
ents and components that arenot applicable for aparticular valueof TYPEare set to implementation-
dependent (UV115) values.
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a) If the SQL itemdescriptor area is set to a descriptor that is immediately subordinate to another
whose LEVEL value is K, then LEVEL is set to K+1; otherwise, LEVEL is set to 0 (zero).

b) TYPE is set to a code, as shown in Table 30, “Codes used for SQL data types in Dynamic SQL”,
indicating thedeclared typeof the column, <dynamic parameter specification>, or subordinate
descriptor.

c) Case:

i) If the value of LEVEL is 0 (zero) and the item descriptor area describes a column, then:

1) If the column is possibly nullable, then NULLABLE is set to 1 (one); otherwise,
NULLABLE is set to 0 (zero).

2) If the column name is implementation-dependent, then NAME is set to the name
of the column and UNNAMED is set to 1 (one); otherwise, NAME is set to the
<derived column> name for the column and UNNAMED is set to 0 (zero).

3) If the column is a member of the primary key of T and KEY_TYPE was set to 1
(one) or if the column is a member of the preferred candidate key of T and
KEY_TYPE was set to 2, then KEY_MEMBER is set to 1 (one); otherwise,
KEY_MEMBER is set to 0 (zero).

ii) If the value of LEVEL is 0 (zero) and the item descriptor area describes a <dynamic
parameter specification>, then:

1) NULLABLE is set to 1 (one).
NOTE 761— This indicates that the <dynamic parameter specification> can have the null
value.

2) UNNAMED is set to 1 (one) and NAME is set to an implementation-dependent
(UV134) name.

3) KEY_MEMBER is set to 0 (zero).

iii) Otherwise:

1) NULLABLE is set to 1 (one).

2) Case:

A) If the item descriptor area describes a field of a row, then

Case:

I) If the name of the field is implementation-dependent, then NAME is
set to the name of the field and UNNAMED is set to 1 (one).

II) Otherwise, NAME is set to the name of the field and UNNAMED is set
to 0 (zero).

B) Otherwise, UNNAMED is set to 1 (one) and NAME is set to an implemen-
tation-dependent (UV135) name.

3) KEY_MEMBER is set to 0 (zero).

d) Case:

i) If TYPE indicates a <character string type>, then:

1) LENGTH is set to the length or maximum length in characters of the character
string type.
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2) OCTET_LENGTH is set to the maximum possible length in octets of the character
string type.

3) CHARACTER_SET_CATALOG, CHARACTER_SET_SCHEMA, and CHARAC-
TER_SET_NAME are set to the fully qualified name of the character string type’s
character set.

4) COLLATION_CATALOG, COLLATION_SCHEMA and COLLATION_NAME are set to
the fully qualified name of the character string type’s declared type collation, if
any, and otherwise to the zero-length character string.

If the subject <language clause> specifies C, then the lengths specified in LENGTH and
OCTET_LENGTH do not include the implementation-defined (IV030) null character
that terminates a C character string.

ii) If TYPE indicates a <binary string type>, then LENGTH and OCTET_LENGTH are set to
the length or maximum length in octets of the binary string.

iii) If TYPE indicates an <exact numeric type>, then PRECISION and SCALE are set to the
precision and scale of the exact numeric.

iv) If TYPE indicates an<approximatenumeric type>, thenPRECISION is set to theprecision
of the approximate numeric.

v) If TYPE indicates DECFLOAT, then PRECISION is set to the precision of the decimal
floating-point type.

vi) If TYPE indicates a <datetime type>, then LENGTH is set to the length in positions of
the datetime type, DATETIME_INTERVAL_CODE is set to a code as specified in Table 31,
“Codes associated with datetime data types in Dynamic SQL”, to indicate the specific
datetime data type and PRECISION is set to the <time precision> or <timestamp preci-
sion>, if either is applicable.

vii) If TYPE indicates an <interval type>, then LENGTH is set to the length in positions of
the interval type, DATETIME_INTERVAL_CODE is set to a code as specified in Table 32,
“Codesused for<interval qualifier>s inDynamic SQL”, to indicate the<interval qualifier>
of the interval data type, DATETIME_INTERVAL_PRECISION is set to the <interval
leading field precision> and PRECISION is set to the <interval fractional seconds preci-
sion>, if applicable.

viii) If TYPE indicates a user-defined type, then USER_DEFINED_TYPE_CATALOG,
USER_DEFINED_TYPE_SCHEMA, and USER_DEFINED_TYPE_NAME are set to the fully
qualified name of the user-defined type, and USER_DEFINED_TYPE_CODE is set to a
code as specified in Table 34, “Codes associated with user-defined types in Dynamic
SQL”, to indicate the category of the user-defined type.

ix) If TYPE indicates a <reference type>, then:

1) USER_DEFINED_TYPE_CATALOG, USER_DEFINED_TYPE_SCHEMA, and
USER_DEFINED_TYPE_NAME are set to the fully qualified name of the referenced
type.

2) SCOPE_CATALOG, SCOPE_SCHEMA, andSCOPE_NAMEare set to the fully qualified
name of the referenceable table.

3) LENGTH and OCTET_LENGTH are set to the length in octets of the <reference
type>.

x) If TYPE indicates ROW, then DEGREE is set to the degree of the row type.
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xi) 09 15 If TYPE indicates ARRAY, then CARDINALITY is set to the maximum cardinality of
the array type.

e) If LEVEL is 0 (zero) and PS is a <call statement>, then:

i) Let SR be the subject routine for the <routine invocation> of the <call statement>.

ii) Let Dx be the x-th <dynamic parameter specification> simply contained in an SQL
argument Ay of the <call statement>.

iii) Let Py be the y-th SQL parameter of SR.

NOTE 762—A Pwhose <parametermode> is IN can be a <value expression> that contains zero, one,
or more <dynamic parameter specification>s. Thus:

— Every Dxmaps to one and only one Py.

— Several Dx instances can map to the same Py.

— There can be Py instances that have no Dx instances that map to them.

iv) The PARAMETER_MODE value in the descriptor for each Dx is set to the value from
Table 33, “Codes used for input/output SQL parameter modes in Dynamic SQL”, that
indicates the <parameter mode> of Py.

v) The PARAMETER_ORDINAL_POSITION value in the descriptor for each Dx is set to the
ordinal position of Py.

vi) The PARAMETER_SPECIFIC_CATALOG, PARAMETER_SPECIFIC_SCHEMA, and PARA-
METER_SPECIFIC_NAME values in the descriptor for each Dx are set to the values that
identify the catalog, schema, and specific name of SR.

Conformance Rules

1) Without Feature B036, “Describe input statement”, conforming SQL language shall not contain a
<describe input statement>.

2) Without FeatureB031, “Basic dynamic SQL”, conforming SQL language shall not contain a <describe
output statement> that contains a <described object> that is an <SQL statement name>.

3) Without FeatureT472, “DESCRIBECURSOR”, conforming SQL language shall not contain a <describe
output statement> that contains a <described object> that contains a <cursor name>.

4) Without Feature B209, “PTF extended names”, the <descriptor name> contained in a <describe
output statement> shall not be a <PTF descriptor name>.
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20.11 <input using clause>
This Subclause is modified by Subclause 16.2, “<input using clause>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 15.5, “<input using clause>”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 17.2, “<input using clause>”, in ISO/IEC 9075-14.

Function

Supply input values for an <SQL dynamic statement>.

Format
<input using clause> ::=

<using arguments>
| <using input descriptor>

<using arguments> ::=
USING <using argument> [ { <comma> <using argument> }... ]

<using argument> ::=
<general value specification>

<using input descriptor> ::=
<using descriptor>

Syntax Rules

1) 04The <general value specification> immediately contained in <using argument> shall be either a
<host parameter specification>, an <SQLparameter reference>, or an <embedded variable specific-
ation>.

2) The <descriptor name> contained in a <using input descriptor> shall not be a <PTF descriptor
name>.

Access Rules

None.

General Rules

1) 09 If <descriptor name> does not identify an SQL descriptor area, then an exception condition is
raised: invalid SQL descriptor name (33000).

2) When an <input using clause> is used in a <dynamic open statement> or as the <parameter using
clause> in an<execute statement>, the<input using clause>describes the input <dynamicparameter
specification> values for the <dynamic open statement> or the <execute statement>, respectively.
Let PS be the prepared <dynamic select statement> referenced by the <dynamic open statement>
or the prepared statement referenced by the <execute statement>, respectively.

3) Let D be the number of input <dynamic parameter specification>s in PS, prior to the application of
any syntactic transformations specified in the Syntax Rules of this document.

4) If <using arguments> is specified and the number of <using argument>s is notD, then an exception
condition is raised:dynamic SQLerror—using clausedoesnotmatchdynamicparameter specifications
(07001).
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5) If <using input descriptor> is specified, then:

a) Let N be the value of COUNT.

b) IfN is greater than thevalueof <occurrences> specifiedwhen theSQLdescriptor area identified
by <descriptor name>was allocated or is less than zero, then an exception condition is raised:
dynamic SQL error — invalid descriptor count (07008).

c) If the first N item descriptor areas are not valid as specified in Subclause 20.1, “Description
of SQL descriptor areas”, then an exception condition is raised: dynamic SQL error — using
clause does not match dynamic parameter specifications (07001).

d) In the first N item descriptor areas:

i) If the number of item descriptor areas in which the value of LEVEL is 0 (zero) is not D,
then an exception condition is raised: dynamic SQL error—using clause does notmatch
dynamic parameter specifications (07001).

ii) If the value of INDICATOR is not negative, TYPE does not indicate ROW, and the item
descriptor area is not subordinate to an item descriptor area whose INDICATOR value
is negative or whose TYPE field indicates ARRAY, ARRAY LOCATOR, MULTISET, or
MULTISET LOCATOR, and if the value of DATA is not a valid value of the data type
representedby the itemdescriptor area, then an exception condition is raised:dynamic
SQL error — using clause does not match dynamic parameter specifications (07001).

6) For 1 (one) ≤ i ≤ D:

a) Let TDT be the effective declared type of the i-th input <dynamic parameter specification>,
defined to be the type represented by the item descriptor area and its subordinate descriptor
areas that would be set by a <describe input statement> to reflect the description of the i-th
input <dynamic parameter specification> of PS.

NOTE 763— See the General Rules of Subclause 20.10, “<describe statement>”.

NOTE 764— “Represented by”, as applied to the relationship between a data type and an item descriptor
area, is defined in the Syntax Rules of Subclause 20.1, “Description of SQL descriptor areas”.

b) Case:

i) If <using input descriptor> is specified, then:

1) Let IDA be the i-th item descriptor area whose LEVEL value is 0 (zero).

2) Let SDT be the effective declared type represented by IDA.
NOTE 765— “Represented by”, as applied to the relationship between a data type and an item
descriptor area, is defined in the SyntaxRules of Subclause 20.1, “Description of SQLdescriptor
areas”.

3) Let SV be the associated value of IDA.

Case:

A) If the value of INDICATOR is negative, then SV is the null value.

B) Otherwise,

Case:

I) If TYPE indicatesROW, then SV is a rowwhose type is SDT andwhose
field values are the associatedvalues of the immediately subordinate
descriptor areas of IDA.

II) Otherwise, SV is the value of DATA with data type SDT.
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ii) If <using arguments> is specified, then let SDT and SV be the declared type and value,
respectively, of the i-th <using argument>.

c) Case:

i) If SDT is a locator type, then

Case:

1) If SV is not the null value, then let the value of the i-th dynamic parameter be the
value of SV.

2) Otherwise, let the value of the i-th dynamic parameter be the null value.

ii) 14 If SDT and TDT are predefined data types, then

Case:

1) If the <cast specification>

CAST ( SV AS TDT )

does not conform to the Syntax Rules of Subclause 6.13, “<cast specification>”,
and there is an implementation-defined conversion from type STD to type TDT,
then that implementation-definedconversion is effectively performed, converting
SV to type TDT, and the result is the value TV of the i-th input dynamic parameter.

2) Otherwise:

A) If the <cast specification>

CAST ( SV AS TDT )

does not conform to the Syntax Rules of Subclause 6.13, “<cast specifica-
tion>”, then an exception condition is raised:dynamic SQL error—restricted
data type attribute violation (07006).

B) The <cast specification>

CAST ( SV AS TDT )

is effectively performed and is the value of the i-th input dynamic parameter.

iii) If SDT is a predefined data type and TDT is a user-defined type, then:

1) Let DT be the data type identified by TDT.

2) If the current SQL-session has a group name corresponding to the user-defined
type name ofDT, then let GN be that group name; otherwise, let GN be the default
transform group name associated with the current SQL-session.

3) The Syntax Rules of Subclause 9.33, “Determination of a to-sql function”, are
applied with DT as TYPE and GN as GROUP; let TSF be the TO-SQL FUNCTION
returned from the application of those Syntax Rules.

Case:

A) If there is an applicable to-sql function TSF and TSF is an SQL-invoked
method, then let TSFPT be the declared type of the second SQL parameter
of TSF; otherwise, let TSFPT be the declared type of the first SQL parameter
of TSF.

Case:
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I) If TSFPT is compatible with SDT, then

Case:

1) IfTSF is an SQL-invokedmethod, thenTSF is effectively invoked
with the value returned by the function invocation:

DT()

as the first parameter and SV as the second parameter. The
<return value> is the value of the i-th input dynamic parameter.

2) Otherwise, TSF is effectively invoked with SV as the first para-
meter. The <return value> is the value of the i-th input dynamic
parameter.

II) Otherwise, an exception condition is raised: dynamic SQL error —
restricted data type attribute violation (07006).

B) Otherwise, an exception condition is raised: dynamic SQL error—data type
transform function violation (0700B).

Conformance Rules

1) Without Feature B031, “Basic dynamic SQL”, conforming SQL language shall not contain an <input
using clause>.
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20.12 <output using clause>
This Subclause is modified by Subclause 16.3, “<output using clause>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 15.6, “<output using clause>”, in ISO/IEC 9075-9.
This Subclause is modified by Subclause 17.3, “<output using clause>”, in ISO/IEC 9075-14.

Function

Supply output variables for an <SQL dynamic statement>.

Format
<output using clause> ::=

<into arguments>
| <into descriptor>

<into arguments> ::=
INTO <into argument> [ { <comma> <into argument> }... ]

<into argument> ::=
<target specification>

<into descriptor> ::=
INTO [ SQL ] DESCRIPTOR <descriptor name>

Syntax Rules

1) 04The <target specification> immediately contained in <into argument> shall be either a <host
parameter specification>, an <SQLparameter reference>, or an <embeddedvariable specification>.

Access Rules

None.

General Rules

1) 09When an <output using clause> is used in a <dynamic fetch statement> or as the <result using
clause> of an <execute statement>, let PS be the prepared <dynamic select statement> referenced
by the<dynamic fetch statement>or theprepared<dynamic single rowselect statement> referenced
by the <execute statement>, respectively.

2) Case:

a) If PS is a <dynamic select statement> or a <dynamic single row select statement>, then let D
be the degree of the table specified by PS.

b) Otherwise, let D be the number of output <dynamic parameter specification>s contained in
PS.

3) If <into arguments> is specified and the number of <into argument>s is not D, then an exception
condition is raised: dynamic SQL error— using clause does not match target specifications (07002).

4) If <into descriptor> is specified, then:
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If <descriptor name> does not identify an SQL descriptor area, then an exception condition
is raised: invalid SQL descriptor name (33000).

a)

b) Let N be the value of COUNT.

c) IfN is greater than thevalueof <occurrences> specifiedwhen theSQLdescriptor area identified
by <descriptor name> was allocated or less than zero, then an exception condition is raised:
dynamic SQL error — invalid descriptor count (07008).

d) If the first N item descriptor areas are not valid as specified in Subclause 20.1, “Description
of SQL descriptor areas”, then an exception condition is raised: dynamic SQL error — using
clause does not match target specifications (07002).

e) In the first N item descriptor areas, if the number of item descriptor areas in which the value
of LEVEL is 0 (zero) is notD, then an exception condition is raised: dynamic SQL error—using
clause does not match target specifications (07002).

5) For 1 (one) ≤ i ≤ D:

a) Let SDT be the effective declared type of the i-th <select list> column or output <dynamic
parameter specification>, defined to be the type represented by the item descriptor area and
its subordinate descriptor areas that would be set by

Case:

i) If PS is a <dynamic select statement> or a <dynamic single row select statement>, then
a <describe output statement> to reflect the description of the i-th <select list> column;
let SV be the value of that <select list> column, with data type SDT.

ii) Otherwise, a <describe output statement> to reflect the description of the i-th output
<dynamic parameter specification>; let SV be the value of that <dynamic parameter
specification>, with data type SDT.

NOTE 766— “Represented by”, as applied to the relationship between a data type and an item descriptor
area, is defined in the Syntax Rules of Subclause 20.1, “Description of SQL descriptor areas”.

b) Case:

i) If <into descriptor> is specified, then let TDT be the declared type of the i-th <target
specification> as represented by the i-th item descriptor area IDAwhose LEVEL value
is 0 (zero).

NOTE 767— “Represented by”, as applied to the relationship between a data type and an item
descriptor area, is defined in the SyntaxRules of Subclause 20.1, “Descriptionof SQLdescriptor areas”.

ii) If <into arguments> is specified, then let TDT be the declared type of the i-th <into
argument>.

c) If the <output using clause> is directly contained in a <dynamic fetch statement>, then let CR
be the dynamic cursor identified by the <dynamic fetch statement>, and let LTDT be the most
specific typeof the i-th <target specification>or <into argument>of themost recently executed
<dynamic fetch statement> prior to the current execution, if any, for the cursor CR. It is
implementation-defined (IA162) whether or not an exception condition is raised: dynamic
SQL error — restricted data type attribute violation (07006) if any of the following are true:

i) LTDT and TDT both identify a binary large object type and only one of LTDT and TDT
is a binary large object locator.

ii) LTDT and TDT both identify a character large object type and only one of LTDT and
TDT is a character large object locator.

© ISO/IEC 2023 – All rights reserved 1329

ISO/IEC 9075-2:2023(E)
20.12 <output using clause>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


iii) LTDT and TDT both identify an array type and only one of LTDT and TDT is an array
locator.

iv) LTDT and TDT both identify a multiset type and only one of LTDT and TDT is a multiset
locator.

v) LTDT and TDT both identify a user-defined type and only one of LTDT and TDT is a
user-defined type locator.

d) Case:

i) If TDT is a locator type, then

Case:

1) If SV is not the null value, then a locator L that uniquely identifies SV is generated
and is the value TV of the i-th <target specification>.

2) Otherwise, the value TV of the i-th <target specification> is the null value.

ii) 14 If STD and TDT are predefined data types, then

Case:

1) If the <cast specification>

CAST ( SV AS TDT )

does not conform to the Syntax Rules of Subclause 6.13, “<cast specification>”,
and there is an implementation-defined conversion of type STD to typeTDT, then
that implementation-defined conversion is effectively performed, converting SV
to type TDT, and the result is the value TV of the i-th <target specification>.

2) Otherwise:

A) If the <cast specification>

CAST ( SV AS TDT )

does not conform to the Syntax Rules of Subclause 6.13, “<cast specifica-
tion>”, then an exception condition is raised:dynamic SQL error—restricted
data type attribute violation (07006).

B) The <cast specification>

CAST ( SV AS TDT )

is effectively performed, and is the valueTVof the i-th <target specification>.

iii) If SDT is a user-defined type and TDT is a predefined data type, then:

1) Let DT be the data type identified by SDT.

2) If the current SQL-session has a group name corresponding to the user-defined
type name ofDT, then let GN be that group name; otherwise, let GN be the default
transform group name associated with the current SQL-session.

3) The Syntax Rules of Subclause 9.31, “Determination of a from-sql function”, are
applied with DT as TYPE and GN as GROUP; let FSF be the FROM-SQL FUNCTION
returned from the application of those Syntax Rules.

Case:
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A) If there is an applicable from-sql functionFSF, then letFSFRTbe the<returns
data type> of FSF.

Case:

I) If FSFRT is compatible with TDT, then the from-sql function FSF is
effectively invoked with SV as its input SQL parameter and the
<return value> is the value TV of the i-th <target specification>.

II) Otherwise, an exception condition is raised: dynamic SQL error —
restricted data type attribute violation (07006).

B) Otherwise, an exception condition is raised: dynamic SQL error—data type
transform function violation (0700B).

e) Case:

i) If <into descriptor> is specified, then IDA is set to reflect the value of TV as follows.

Case:

1) If TYPE indicates ROW, then

Case:

A) If TV is the null value, then the value of INDICATOR in IDA and in all subor-
dinate descriptor areas of IDA that are not subordinate to an itemdescriptor
area whose TYPE indicates ARRAY, ARRAY LOCATOR, MULTISET, or
MULTISET LOCATOR is set to –1.

B) Otherwise, the i-th subordinate descriptor area of IDA is set to reflect the
value of the i-th field of TV by applying this subrule (beginning with the
outermost “Case”) to the i-th subordinate descriptor area of IDA as IDA, the
value of the i-th field of TV as TV, the value of the i-th field of SV as SV, and
the data type of the i-th field of SV as SDT.

2) Otherwise,

Case:

A) If TV is the null value, then the value of INDICATOR is set to –1.

B) If TV is not the null value, then:

I) The value of INDICATOR is set to 0 (zero).

II) Case:

1) If TYPE indicates a locator type, then a locator L that uniquely
identifies TV is generated and the value of DATA is set to an
implementation-dependent (UV043) four-octet integer value
that represents L.

2) Otherwise, the value of DATA is set to TV.

III) Case:

1) If TYPE indicates CHARACTER VARYING, CHARACTER LARGE
OBJECT, BINARY VARYING, or BINARY LARGE OBJECT, then
RETURNED_LENGTH is set to the length in characters or octets,
respectively, of TV, and RETURNED_OCTET_LENGTH is set to
the length in octets of TV.
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2) If SDT is CHARACTER VARYING, CHARACTER LARGE OBJECT,
BINARY VARYING, BINARY LARGE OBJECT, then
RETURNED_LENGTH is set to the length in characters or octets,
respectively, of SV, and RETURNED_OCTET_LENGTH is set to
the length in octets of SV.

3) If TYPE indicates ARRAY, ARRAY LOCATOR, MULTISET, or
MULTISET LOCATOR, then RETURNED_CARDINALITY is set to
the cardinality of TV.

ii) If <into arguments> is specified, then the General Rules of Subclause 9.1, “Retrieval
assignment”, are applied with the i-th <into argument> as TARGET and TV as VALUE.

NOTE 768— All other values of the SQL descriptor area are unchanged.

Conformance Rules

1) Without Feature B031, “Basic dynamic SQL”, conforming SQL language shall not contain an <output
using clause>.
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20.13 <execute statement>
This Subclause is modified by Subclause 15.7, “<execute statement>”, in ISO/IEC 9075-9.

Function

Associate input SQLparameters andoutput targetswith aprepared statement andexecute the statement.

Format
<execute statement> ::=
EXECUTE <SQL statement name> [ <result using clause> ] [ <parameter using clause> ]

<result using clause> ::=
<output using clause>

<parameter using clause> ::=
<input using clause>

Syntax Rules

1) If <SQL statement name> is a <statement name>, then

Case:

a) If the <execute statement> is contained in an <SQL-invoked routine>, then the innermost
containing <SQL-invoked routine> shall contain a <prepare statement> whose <statement
name> is equivalent to the <statement name> of the <execute statement>.

b) Otherwise, the containing<SQL-clientmodule definition> shall contain a <prepare statement>
whose <statement name> is equivalent to the <statement name> of the <execute statement>.

2) A <descriptor name> contained in either a <result using clause> or a <parameter using clause>
shall be a <conventional descriptor name>.

Access Rules

None.

General Rules

1) 09 If the <SQL statement name>doesnot identify a prepared statementP, then an exception condition
is raised: invalid SQL statement name (26000).

2) Let PS be the statement previously prepared using <SQL statement name>.

3) If PS is a <dynamic select statement>, then

Case:

a) If PS does not conform to the Format and Syntax Rules of a <dynamic single row select state-
ment>, then an exception condition is raised: dynamic SQL error—cursor specification cannot
be executed (07003).

b) Otherwise, PS is treated as a <dynamic single row select statement>.

© ISO/IEC 2023 – All rights reserved 1333

ISO/IEC 9075-2:2023(E)
20.13 <execute statement>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


4) If PS contains the <table name> of a created or declared local temporary table and if the <execute
statement> is not in the same <SQL-client module definition> as the <prepare statement> that
prepared the prepared statement, then an exception condition is raised: syntax error or access rule
violation (42000).

5) If PS contains input <dynamic parameter specification>s and a <parameter using clause> is not
specified, then an exception condition is raised: dynamic SQL error — using clause required for
dynamic parameters (07004).

6) If PS is a <dynamic single row select statement> or it contains output <dynamic parameter specific-
ation>s and a <result using clause> is not specified, then an exception condition is raised: dynamic
SQL error — using clause required for result fields (07007).

7) If a <parameter using clause> is specified, then the General Rules specified in Subclause 20.11,
“<input using clause>”, for a <parameter using clause> in an <execute statement> are applied.

8) A copy of the top cell is pushed onto the authorization stack. If PS has an owner, then the top cell
of the authorization stack is set to contain only the authorization identifier of the owner of PS.

9) The General Rules of Subclause 9.17, “Executing an <SQL procedure statement>”, are applied with
PS as EXECUTING STATEMENT. During this evaluation, for each <dynamic parameter specification>
DPS contained in the original SQL-statement, let Ibe the ordinal position ofDPSwithin the collection
of <dynamic parameter specification>s in the original SQL-statement. IfDPS is replicated as a result
of any syntactic transformation specified in any Syntax Rule in this document, then the value of all
such replicated input dynamic parameters are set identically to the value of the I-th input dynamic
parameter.

10) If a <result using clause> is specified, then the General Rules specified in Subclause 20.12, “<output
using clause>”, for a <result using clause> in an <execute statement> are applied.

11) Upon completion of execution, the top cell in the authorization stack is removed.

Conformance Rules

1) Without Feature B030, “Enhanced dynamic SQL”, conforming SQL language shall not contain a
<result using clause>.

2) Without FeatureB031, “Basic dynamic SQL”, conforming SQL language shall not contain an<execute
statement>.
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20.14 <execute immediate statement>

Function

Dynamically prepare and execute a preparable statement.

Format
<execute immediate statement> ::=
EXECUTE IMMEDIATE <SQL statement variable>

Syntax Rules

1) The declared type of <SQL statement variable> shall be character string.

Access Rules

None.

General Rules

1) Let P be the contents of the <SQL statement variable>.

2) If at least one of the following are true, then an exception condition is raised: syntax error or access
rule violation (42000).

a) P is a <dynamic select statement> or a <dynamic single row select statement>.

b) P contains a <dynamic parameter specification>.

3) Let SV be <SQL statement variable>. <execute immediate statement> is equivalent to the following:

PREPARE IMMEDIATE_STMT FROM SV ;
EXECUTE IMMEDIATE_STMT ;
DEALLOCATE PREPARE IMMEDIATE_STMT ;

where IMMEDIATE_STMT is an implementation-dependent (UV117) <statement name> that does
not identify any existing prepared statement.

NOTE 769— Exception condition or completion condition information resulting from the PREPARE or EXECUTE is
reflected in the diagnostics area.

Conformance Rules

1) Without FeatureB031, “Basic dynamic SQL”, conforming SQL language shall not contain an<execute
immediate statement>.
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20.15 <dynamic declare cursor>
This Subclause is modified by Subclause 15.8, “<dynamic declare cursor>”, in ISO/IEC 9075-9.

Function

Declare a declared dynamic cursor to be associated with a <statement name>, which may in turn be
associated with a <cursor specification>.

Format
<dynamic declare cursor> ::=
DECLARE <cursor name>

<cursor properties>
FOR <statement name>

Syntax Rules

1) The <cursor name> shall not be identical to the <cursor name> specified in any other <declare
cursor>, <dynamic declare cursor>, or <allocate received cursor statement> in the same<SQL-client
module definition>M. The scope of the <cursor name> isMwith the exception of any <SQL schema
statement> contained inM.

2) Let SN be the <statement name> simply contained in the <dynamic declare cursor>. The containing
<SQL-client module definition> shall contain, without an intervening <SQL schema statement>, a
<prepare statement> whose <statement name> is equivalent to SN.

Access Rules

None.

General Rules

1) 09A cursor declaration descriptor CDD is created. CDD includes indications that:

a) The kind of cursor is a declared dynamic cursor.

b) The provenance of the cursor is an indication of the SQL-client module whose <SQL-client
module definition> contains the <dynamic declare cursor>.

c) The name of the cursor is the <cursor name>.

d) The cursor’s origin is SN.

e) The cursor’s declared properties are as determined by the <cursor properties>.

Conformance Rules

1) Without FeatureB031, “Basic dynamic SQL”, conforming SQL language shall not contain a <dynamic
declare cursor>.
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20.16 <descriptor value constructor>

Function

Construct a PTF descriptor.

Format
<descriptor value constructor> ::=
DESCRIPTOR <left paren> <descriptor column list> <right paren>

<descriptor column list> ::=
<descriptor column specification> [ { <comma> <descriptor column specification> }... ]

<descriptor column specification> ::=
<column name> [ <data type> ]

Syntax Rules

1) No two <column name>s in a <descriptor column list> shall be equivalent.

Access Rules

None.

General Rules

1) LetDVE be the <descriptor value constructor>. LetN be the number of <descriptor column specific-
ation>s contained in DVE. For i ranging from 1 (one) through N, let DCSi be an enumeration of the
<descriptor column specification>s contained in DVE.

2) An SQL descriptor area USDA is created as follows:

a) For i ranging from1 (one) throughN, one ormore SQL itemdescriptors are appended toUSDA
corresponding to DCSiwith the following components:

i) In the first appended SQL item descriptor, the value of LEVEL is 0 (zero) and the value
of NAME is the <column name> simply contained in DCSi.

ii) Case:

1) IfDCSi contains<data type>DT, then thevaluesofTYPE, CHARACTER_SET_CATA-
LOG, CHARACTER_SET_SCHEMA,CHARACTER_SET_NAME, LENGTH,PRECISION,
SCALE, USER_DEFINED_TYPE_CATALOG, USER_DEFINED_TYPE_SCHEMA,
USER_DEFINED_TYPE_NAME,SCOPE_CATALOG, SCOPE_SCHEMA,SCOPE_NAME,
and DEGREE are set so as to create a valid SQL item descriptor that represents
DT. If DT identifies a character type, then the values of COLLATION_CATALOG,
COLLATION_SCHEMA, and COLLATION_NAME identify the collation of DT. If the
representation of DT requires subordinate descriptor areas, these are appended
as well.

NOTE770—The SyntaxRule of Subclause 20.1, “Description of SQLdescriptor areas”, contain
definitionsof how to formavalid SQL itemdescriptor (or set of SQL itemdescriptors, including
subordinate SQL item descriptors) that represents a <data type>.
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2) Otherwise, the valueof TYPE is 0 (zero), the values of CHARACTER_SET_CATALOG,
CHARACTER_SET_SCHEMA, CHARACTER_SET_NAME, COLLATION_CATALOG,
COLLATION_SCHEMA, COLLATION_NAME, LENGTH, PRECISION, SCALE,
USER_DEFINED_TYPE_CATALOG, USER_DEFINED_TYPE_SCHEMA,
USER_DEFINED_TYPE_NAME,SCOPE_CATALOG, SCOPE_SCHEMA,SCOPE_NAME,
and DEGREE are undefined, and no subordinate SQL item descriptors are
appended.

b) The header of USDA has the following components:

i) The value of the COUNT component is the total number of SQL item descriptors,
including subordinate SQL item descriptors.

ii) The value of TOP_LEVEL_COUNT field is N.

iii) All other components in the header of USDA are undefined.

Conformance Rules

1) Without Feature B206, “PTF descriptor parameters”, conforming SQL language shall not contain
<descriptor value constructor>.
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20.17 <allocate extended dynamic cursor statement>
This Subclause is modified by Subclause 15.9, “<allocate extended dynamic cursor statement>”, in ISO/IEC
9075-9.

Function

Define a cursor based on a prepared statement for a <cursor specification>.

Format
<allocate extended dynamic cursor statement> ::=
ALLOCATE <extended cursor name>

<cursor properties>
FOR <extended statement name>

Syntax Rules

None.

Access Rules

None.

General Rules

1) 09Let S be the <simple value specification> immediately contained in <extended cursor name>. Let
V be the character string that is the result of

TRIM ( BOTH ' ' FROM S )

Case:

a) If V does not conform to the Format and Syntax Rules of an <identifier>, then an exception
condition is raised: invalid cursor name (34000).

b) Otherwise, let ECN be the <extended cursor name>. The value of ECN is V.

2) If ECN identifies a cursor, then an exception condition is raised: invalid cursor name (34000).

3) If <extended statement name> does not identify a prepared statement, then an exception condition
is raised: invalid SQL statement name (26000).

4) If theprepared statementP identifiedby<extended statement name> is not a <cursor specification>,
then an exception condition is raised:dynamic SQL error—prepared statement not a cursor specific-
ation (07005).

5) P is re-prepared as follows: if P does not conform to the Syntax Rules of Subclause 14.3, “<cursor
specification>”, then an exception condition is raised: syntax error or access rule violation (42000).

6) A cursor declaration descriptor CDD is created. CDD includes indications that:

a) The kind of cursor is an extended dynamic cursor.

b) The provenance of the cursor is
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Case:

i) If the<scopeoption> contained in<extended cursorname> isGLOBAL, then the current
SQL-session identifier.

ii) Otherwise, an indicationof theSQL-clientmodulewhose<SQL-clientmoduledefinition>
contains the <allocate extended dynamic cursor statement>.

c) The name of the cursor is the extended name V and the explicit or implicit <scope option> of
the <extended cursor name>.

d) The cursor origin is P.

e) The cursor’s declared properties are as determined by the <cursor properties>.

7) A cursor instance descriptor CID is created. CID includes indications that:

a) The cursor declaration descriptor is CDD.

b) The SQL-session identifier is the current SQL-session identifier.

c) The cursor’s state is closed.

8) Anassociation ismadebetween thevalueof the<extendedcursorname>and theprepared statement
in the scope of the <extended cursor name>. The association is preserved until the prepared state-
ment is destroyed, atwhich time the cursordeclarationdescriptor and the cursor instancedescriptor
of the cursor identified by <extended cursor name> are also destroyed.

Conformance Rules

1) Without Feature B030, “Enhanced dynamic SQL”, conforming SQL language shall not contain an
<allocate extended dynamic cursor statement>.
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20.18 <allocate received cursor statement>
This Subclause is modified by Subclause 15.10, “<allocate received cursor statement>”, in ISO/IEC 9075-9.

Function

Assign a cursor to the result set sequence returned from an SQL-invoked procedure.

Format
<allocate received cursor statement> ::=
ALLOCATE <cursor name>
    [ CURSOR ] FOR <specific routine designator>

Syntax Rules

1) The <cursor name> shall not be identical to the <cursor name> specified in any other <declare
cursor>, <dynamic declare cursor>, or <allocate received cursor statement> in the same<SQL-client
module definition>M. The scope of the <cursor name> isMwith the exception of any <SQL schema
statement> contained inM.

2) The SQL-invoked routine identified by <specific routine designator> shall be an SQL-invoked pro-
cedure.

Access Rules

None.

General Rules

1) 09Let SIP be the SQL-invoked procedure identified by <specific routine designator>. Let INV be the
active SQL-invoked routine of the current routine execution context.

2) If the SQL-session context of the current SQL-session does not include a result set sequence RSS
brought into existence by an invocation of SIP by INV, then an exception condition is raised: invalid
SQL-invoked procedure reference (0M000).

3) If RSS is empty, then an exception condition is raised: no data— no additional result sets returned
(02001).

4) A cursor declaration descriptor CDD is created. CDD includes indications that:

a) The kind of cursor is a received cursor.

b) The provenance of the cursor is an indication of the SQL-client module whose <SQL-client
module definition> contains the <allocate received cursor statement>.

c) The name of the cursor is the <cursor name>.

d) The cursor origin is the <specific routine designator>.

e) The cursor’s declared properties are as follows:

i) The cursor’s declared sensitivity is ASENSITIVE.

ii) The cursor’s declared scrollability is NO SCROLL.

© ISO/IEC 2023 – All rights reserved 1341

ISO/IEC 9075-2:2023(E)
20.18 <allocate received cursor statement>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


iii) The cursor’s declared holdability is WITHOUT HOLD.

iv) The cursor’s declared returnability is WITHOUT RETURN.

5) A cursor instance descriptor CID is created. CID includes:

a) The cursor declaration descriptor is CDD.

b) The current SQL-session identifier.

c) The cursor’s state is open.

6) TheGeneral Rules of Subclause 15.2, “Effect of receiving a result set”, are appliedwithCID asCURSOR
and RSS as RESULT SET SEQUENCE.

Conformance Rules

1) Without Feature T471, “Result sets return value”, conforming SQL language shall not contain an
<allocate received cursor statement>.
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20.19 <dynamic open statement>
This Subclause is modified by Subclause 15.11, “<dynamic open statement>”, in ISO/IEC 9075-9.

Function

Associate input dynamic parameters with a <cursor specification> and open the dynamic cursor.

Format
<dynamic open statement> ::=
OPEN <conventional dynamic cursor name> [ <input using clause> ]

Syntax Rules

1) If <conventional dynamic cursor name> DCN is a <cursor name> CN, then CN shall be contained
within the scope of a <cursor name> that is equivalent to CN. CN shall identify a declared dynamic
cursor. Let CDD be the cursor declaration descriptor identified by CN.

Access Rules

1) TheAccessRules for the <query expression> simply contained in the prepared statement associated
with the <conventional dynamic cursor name> are applied.

General Rules

1) Case:

a) 09 If DCN is a <cursor name> CN, then

Case:

i) If the <statement name> SN contained in CDD does not identify a prepared statement,
then an exception condition is raised: invalid SQL statement name (26000).

ii) If SN does not identify a prepared statement that is a <cursor specification>, then an
exception condition is raised: dynamic SQL error — prepared statement not a cursor
specification (07005).

b) Otherwise, if DCN does not identify an extended dynamic cursor, then an exception condition
is raised: invalid cursor name (34000).

2) Let CR be the cursor identified by DCN.

3) If the prepared statement P associated with the <conventional dynamic cursor name> contains
<dynamic parameter specification>s and an <input using clause> is not specified, then an exception
condition is raised: dynamic SQL error — using clause required for dynamic parameters (07004).

4) If the <conventional dynamic cursor name> is a <cursor name>, then P is re-prepared as follows:
if P does not conform to the Syntax Rules of Subclause 14.3, “<cursor specification>”, then an
exception condition is raised: syntax error or access rule violation (42000).

5) CR is updatable if and only if the <cursor specification> included in the result set descriptor of CR
is updatable.
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6) If an <input using clause> is specified, then the General Rules specified in Subclause 20.11, “<input
using clause>”, for <dynamic open statement> are applied.

7) The General Rules of Subclause 15.1, “Effect of opening a cursor”, are applied with CR as CURSOR.
For each <dynamic parameter specification> DPS contained in the original SQL-statement, let I be
theordinal positionofDPSwithin the collectionof <dynamicparameter specification>s in theoriginal
SQL-statement. If DPS is replicated as a result of any syntactic transformation specified in any
Syntax Rule in this document, then the value of all such replicated input dynamic parameters are
set identically to the value of the I-th input dynamic parameter.

Conformance Rules

1) Without FeatureB031, “Basic dynamic SQL”, conforming SQL language shall not contain a <dynamic
open statement>.
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20.20 <dynamic fetch statement>
This Subclause is modified by Subclause 15.12, “<dynamic fetch statement>”, in ISO/IEC 9075-9.

Function

Fetch a row for a dynamic cursor.

Format
<dynamic fetch statement> ::=
FETCH [ [ <fetch orientation> ] FROM ] <dynamic cursor name> <output using clause>

Syntax Rules

1) If <fetch orientation> is omitted, then NEXT is implicit.

2) If <dynamic cursor name>DCN is a <cursor name> CN, then CN shall be containedwithin the scope
of a <cursor name> that is equivalent to CN. CN shall identify a declared dynamic cursor.

Access Rules

None.

General Rules

1) 09 If DCN does not identify a cursor, then an exception condition is raised: invalid cursor name
(34000).

2) Let CR be the cursor identified by DCN.

3) The General Rules of Subclause 15.3, “Determination of the current row of a cursor”, are applied
with CR as CURSOR and <fetch orientation> as FETCH ORIENTATION.

4) If a completion condition no data (02000) is raised, then no further General Rules of this Subclause
are applied.

5) The General Rules specified in Subclause 20.12, “<output using clause>”, for an <output using
clause> in a <dynamic fetch statement> are applied.

6) If an exception condition is raised during the assignment of a value to a target, then the values of
all targets are implementation-dependent (UV048).

NOTE 771— It is implementation-dependentwhether CR remains positioned on the current rowwhen an exception
condition is raised during the derivation of any <derived column>.

Conformance Rules

1) Without FeatureB031, “Basic dynamic SQL”, conforming SQL language shall not contain a <dynamic
fetch statement>.
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20.21 <dynamic single row select statement>

Function

Retrieve values from a dynamically-specified row of a table.

Format
<dynamic single row select statement> ::=
<query specification>

Syntax Rules

None.

Access Rules

None.

General Rules

1) Let Q be the result of the <query specification>.

2) Case:

a) If the cardinality ofQ is greater than 1 (one), then an exception condition is raised: cardinality
violation (21000).

b) If Q is empty, then a completion condition is raised: no data (02000).

Conformance Rules

1) Without FeatureB031, “Basic dynamic SQL”, conforming SQL language shall not contain a <dynamic
single row select statement>.
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20.22 <dynamic close statement>
This Subclause is modified by Subclause 15.13, “<dynamic close statement>”, in ISO/IEC 9075-9.

Function

Close a dynamic cursor.

Format
<dynamic close statement> ::=
CLOSE <conventional dynamic cursor name>

Syntax Rules

1) If <conventional dynamic cursor name> DCN is a <cursor name> CN, then CN shall be contained
within the scope of a <cursor name> that is equivalent to CN. CN shall identify a declared dynamic
cursor.

Access Rules

None.

General Rules

1) IfDCN does not identify a cursor, then an exception condition is raised: invalid cursor name (34000).

2) Let CR be the cursor identified by DCN.

3) 09The General Rules of Subclause 15.4, “Effect of closing a cursor”, are applied with CR as CURSOR
and DESTROY as DISPOSITION.

Conformance Rules

1) Without FeatureB031, “Basic dynamic SQL”, conforming SQL language shall not contain a <dynamic
close statement>.
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20.23 <dynamic delete statement: positioned>

Function

Delete a row of a table.

Format
<dynamic delete statement: positioned> ::=
DELETE FROM <target table> WHERE CURRENT OF <conventional dynamic cursor name>

Syntax Rules

1) Let DDSP be the <dynamic delete statement: positioned>, let TT be the <target table>, and let DCN
be the <conventional dynamic cursor name>.

2) If DCN is a <cursor name> CN, then CN shall be contained within the scope of a <cursor name> that
is equivalent to CN. CN shall identify a declared dynamic cursor.

3) Let TN be the <table name> contained in TT.

Access Rules

1) Case:

a) IfDDSP is contained, without an intervening <SQL routine spec> that specifies SQL SECURITY
INVOKER, in an <SQL schema statement>, then let A be the authorization identifier that owns
that schema. The applicable privileges for A shall include DELETE for TN.

b) Otherwise, the current privileges shall include DELETE for TN.

General Rules

1) IfDCNdoes not identify a dynamic cursor, then an exception condition is raised: invalid cursor name
(34000).

2) Let CR be the cursor identified by DCN.

3) If CR is not an updatable cursor, then an exception condition is raised: invalid cursor name (34000).

4) Let T be the simply underlying table of CR. Let LUT be the target leaf underlying table of T.

5) If TN does not identify LUT, or if ONLY is specified and the <table reference> in T that references
LUT does not specify ONLY, or if ONLY is not specified and the <table reference> in T that references
LUT does specify ONLY, then an exception condition is raised: target table disagrees with cursor
specification (0T000).

6) The General Rules of Subclause 15.6, “Effect of a positioned delete”, are appliedwith CR as CURSOR,
DDSP as STATEMENT, and TT as TARGET.

Conformance Rules

1) Without FeatureB031, “Basic dynamic SQL”, conforming SQL language shall not contain a <dynamic
delete statement: positioned>.
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20.24 <dynamic update statement: positioned>

Function

Update a row of a table.

Format
<dynamic update statement: positioned> ::=
UPDATE <target table> SET <set clause list>

WHERE CURRENT OF <conventional dynamic cursor name>

Syntax Rules

1) Let DUSP be the <dynamic update statement: positioned>, let TT be the <target table>, let SCL be
the <set clause list>, and let DCN be the <conventional dynamic cursor name>.

2) If DCN is a <cursor name> CN, then CN shall be contained within the scope of a <cursor name> that
is equivalent to CN. CN shall identify a declared dynamic cursor.

3) Let TN be the <table name> contained in TT.

4) The scope of TN is DUSP.

Access Rules

1) Case:

a) IfDUSP is contained, without an intervening <SQL routine spec> that specifies SQL SECURITY
INVOKER, in an <SQL schema statement>, then let A be the <authorization identifier> that
owns that schema. The applicable privileges for A shall include UPDATE for each <object
column>.

b) Otherwise, the current privileges shall include UPDATE for each <object column>.

General Rules

1) IfDCNdoes not identify a dynamic cursor, then an exception condition is raised: invalid cursor name
(34000).

2) Let CR be the cursor identified by DCN.

3) If CR is not an updatable cursor, then an exception condition is raised: invalid cursor name (34000).

4) Let T be the simply underlying table of CR. Let LUT be the target leaf underlying table of T.

5) If TN does not identify LUT, or if ONLY is specified and the <table reference> in T that references
LUT does not specify ONLY, or if ONLY is not specified and the <table reference> in T that references
LUT does specify ONLY, then an exception condition is raised: target table disagrees with cursor
specification (0T000).

6) If any object column is directly or indirectly referenced in the <order by clause> simply contained
in the <cursor specification> for CR, then an exception condition is raised: attempt to assign to
ordering column (0V000).
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7) If any object column identifies a column that is not identified by a <column name> contained in the
explicit or implicit <columnname list> of the explicit or implicit <updatability clause> of the <cursor
specification> included in the result set descriptor of CR, then an exception condition is raised:
attempt to assign to non-updatable column (0U000).

8) TheGeneral Rules of Subclause 15.7, “Effect of a positionedupdate”, are appliedwithCR asCURSOR,
SCL as SET CLAUSE LIST, DUSP as STATEMENT, and TT as TARGET.

Conformance Rules

1) Without FeatureB031, “Basic dynamic SQL”, conforming SQL language shall not contain a <dynamic
update statement: positioned>.
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20.25 <preparable dynamic delete statement: positioned>

Function

Delete a row of a table through a dynamic cursor.

Format
<preparable dynamic delete statement: positioned> ::=
DELETE [ FROM <target table> ]

WHERE CURRENT OF <preparable dynamic cursor name>

Syntax Rules

1) LetPDDSPbe the <preparable dynamic delete statement: positioned>. LetPDCNbe the <preparable
dynamic cursor name>.

2) If PDCN is not ambiguous or invalid, then:

a) Let CR be the cursor identified by PDCN. CR shall be an updatable cursor.

b) Let QE be the <query expression> simply contained in the <cursor specification> of the result
set descriptor of CR. Let LUT be the target leaf underlying table of QE.

c) Case:

i) If <target table> is not specified, then let TN be the name of LUT.

Case:

1) If the <table reference> that references LUT specifies ONLY, then the <target
table>

ONLY ( TN )

is implicit.

2) Otherwise, the <target table>

TN

is implicit.

ii) Otherwise, let TN be the <table name> contained in <target table>. TN shall identify
LUT.

d) Let TT be the explicit or implicit <target table>.

e) LUT shall not be an old transition table or a new transition table.

f) If TT immediately contains ONLY and LUT is not a typed table, then TT is equivalent to TN.

g) TT shall specify ONLY if and only if the <table reference> contained in T that references LUT
specifies ONLY.

h) The schema identified by the explicit or implicit <schema name> of TN shall include the
descriptor of LUT.
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Access Rules

1) If PDCN is not ambiguous or invalid, then

Case:

a) IfPDDSP is contained,without an intervening <SQL routine spec> that specifies SQL SECURITY
INVOKER, in an <SQL schema statement>, then let A be the authorization identifier that owns
that schema. The applicable privileges for A shall include DELETE for TN.

b) Otherwise, the current privileges shall include DELETE for TN.

General Rules

1) The General Rules of Subclause 15.6, “Effect of a positioned delete”, are appliedwith CR as CURSOR,
PDDSP as STATEMENT, and TT as TARGET.

NOTE 772— If the General Rules are reached, then PDCN cannot be ambiguous or invalid.

Conformance Rules

1) Without Feature B030, “Enhanced dynamic SQL”, conforming SQL language shall not contain a
<preparable dynamic delete statement: positioned>.
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20.26 <preparable dynamic cursor name>
This Subclause is modified by Subclause 9.1, “<preparable dynamic cursor name>”, in ISO/IEC 9075-3.

Function

Specify the cursor of a <preparable dynamic delete statement: positioned> or a <preparable dynamic
update statement: positioned>.

Format
<preparable dynamic cursor name> ::=
[ <scope option> ] <cursor name>

Syntax Rules

1) Let PDCN be the <preparable dynamic cursor name>, let CN be the <cursor name> contained in
PDCN, and let P be the <preparable dynamic delete statement: positioned> or <preparable dynamic
update statement: positioned> that contains PDCN.

Case:

a) If PDCN contains a <scope option> that specifies GLOBAL, then

Case:

i) If there exists in the current SQL-session context an extendeddynamic cursorEDCwith
a <conventional dynamic cursor name> having a global scope and a <cursor name>
that is equivalent to CN, then EDC is the cursor referenced by PDCN.

ii) Otherwise, PDCN is said to be invalid.

b) If PDCN contains a <scope option> that specifies LOCAL, or if no <scope option> is specified,
then:

i) The potentially referenced cursors of PDCN include:

1) Every declared dynamic cursor whose <cursor name> is equivalent to CN and
whose scope is the containing SQL-client module (minus any <SQL schema
statement>s contained in the SQL-client module).

2) 03Every extended dynamic cursor having a <conventional dynamic cursor name>
that has a scope of the containing SQL-client module (minus any <SQL schema
statement>s contained in the SQL-client module) and whose <cursor name> is
equivalent to CN.

ii) Case:

1) If the number of potentially referenced cursors is greater than1 (one), thenPDCN
is said to be ambiguous.

2) If the number of potentially referenced cursors is less than 1 (one), then PDCN is
said to be invalid.

3) Otherwise, PDCN refers to the single potentially referenced cursor of P.
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Access Rules

None.

General Rules

None.

Conformance Rules

None.
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20.27 <preparable dynamic update statement: positioned>

Function

Update a row of a table through a dynamic cursor.

Format
<preparable dynamic update statement: positioned> ::=
UPDATE [ <target table> ] SET <set clause list>

WHERE CURRENT OF <preparable dynamic cursor name>

Syntax Rules

1) Let PDUSP be the <preparable dynamic update statement: positioned>. Let SCL be the <set clause
list>. Let PDCN be the <preparable dynamic cursor name>.

2) If PDCN is not ambiguous or invalid, then:

a) Let CR be the cursor identified by PDCN. CR shall be an updatable cursor.

b) Let QE be the <query expression> simply contained in the <cursor specification> of the result
set descriptor of CR. Let LUT be the target leaf underlying table of QE.

c) Case:

i) If <target table> is not specified, then let TN be the name of LUT.

Case:

1) If the <table reference> that references LUT specifies ONLY, then the <target
table>

ONLY ( TN )

is implicit.

2) Otherwise, the <target table>

TN

is implicit.

ii) Otherwise, let TN be the <table name> contained in <target table>. TN shall identify
LUT.

d) Let TT be the explicit or implicit <target table>.

e) LUT shall not be an old transition table or a new transition table.

f) If TT immediately contains ONLY and LUT is not a typed table, then TT is equivalent to TN.

g) TT shall specify ONLY if and only if the <table reference> contained in TU that references LUT
specifies ONLY.

h) The schema identified by the explicit or implicit <schema name> of TN shall include the
descriptor of LUT.

i) Let CN be TN. CN is an exposed <table or query name>.
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j) The scope of CN is SCL.

k) If CR is an ordered cursor, then for each <object column> OC contained in SCL, no generally
underlying column of a <sort key> in the <order by clause> simply contained in the <query
expression> of the <cursor specification> for CR shall be OC or a generally underlying column
of OC.

l) Each <column name> specified as an <object column> shall identify a column in the explicit
or implicit <column name list> contained in the explicit or implicit <updatability clause> of
the <cursor specification> included in the result set descriptor of CR.

Access Rules

1) If PDCN is not ambiguous or invalid, then

Case:

a) IfPDUSP is contained,without an intervening <SQL routine spec> that specifies SQL SECURITY
INVOKER, in an <SQL schema statement>, then let A be the <authorization identifier> that
owns that schema. The applicable privileges for A shall include UPDATE for each <object
column>.

b) Otherwise, the current privileges shall include UPDATE for each <object column>.

General Rules

1) TheGeneral Rules of Subclause 15.7, “Effect of a positionedupdate”, are appliedwithCR asCURSOR,
SCL as SET CLAUSE LIST, PDUSP as STATEMENT, and TT as TARGET

NOTE 773— If the General Rules are reached, then PDCN cannot be ambiguous or invalid.

Conformance Rules

1) Without Feature B030, “Enhanced dynamic SQL”, conforming SQL language shall not contain a
<preparable dynamic update statement: positioned>.
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20.28 <pipe row statement>

Function

Output a row from a polymorphic table function.

Format
<pipe row statement> ::=
PIPE ROW <PTF descriptor name>

Syntax Rules

None.

Access Rules

None.

General Rules

1) If <pipe row statement> is not executed during the execution of a PTF start component procedure,
PTF fulfill component procedure, or PTF finish component procedure, then an exception condition
is raised: dynamic SQL error — PIPE ROW not during PTF execution (0700H).

2) LetPTFRbe the current innermost executingPTF start component procedure, PTF fulfill component
procedure, or PTF finish component procedure.

3) Let VP be the virtual processor that is executing PTFR.

4) Let PTFDT be the <PTF derived table> that is invoking PTFR, let PTF be the polymorphic table
function that is the subject routine of PTFDT, and let PTFDA be the PTF data area of PTFDT on VP.

5) LetPDNbe the<PTFdescriptor name>. LetNbe the valueof the<simple value specification> simply
contained in PDN.

6) IfN does not identify the intermediate result row type descriptor area in PTFDA, then an exception
condition is raised: invalid SQL descriptor name (33000).

7) Let R be a row whose row type is the result row type of PTFDT.

8) If PTFDT has any partitioned <table argument>s, then every column of R corresponding to a parti-
tioning column is initialized to the common value of the partitioning column in VP.

9) Let PDA be the PTF descriptor area identified by N.

10) Letm be the number of SQL descriptor item areas in PDA. Let I1, ..., Im be an enumeration of the SQL
item descriptor areas.

11) For all i, 1 (one) ≤ i ≤m, if the LEVEL component of Ii is 0 (zero), then

Case:

a) If Ii describes a proper result column of PTF, then the value of the DATA component of Ii is
copied from Ii to the corresponding column of R.
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b) If Ii is a pass-through output surrogate column, then letGTAbe the <table argument> ofPTFDT
such that Ii is the pass-through output surrogate column of GTA. Let T be the table of GTA. Let
D be the value of the DATA component of Ii.

Case:

i) IfD is thenull value, then every columnofR corresponding to anon-partitioning column
of T is set to the null value.

ii) If D does not represent a row of T, then an exception condition is raised: dynamic SQL
error — invalid pass-through surrogate value (0700G).

iii) Otherwise, let SR be the row of T that is represented by D. Every non-partitioning
column of SR is copied to the corresponding column of R.

12) R is inserted in the partial result table of VP.

Conformance Rules

1) Without Feature B209, “PTF extended names”, conforming SQL language shall not contain <pipe
row statement>.
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21 Embedded SQL

This Clause is modified by Clause 17, “Embedded SQL”, in ISO/IEC 9075-4.
This Clause is modified by Clause 16, “Embedded SQL”, in ISO/IEC 9075-9.
This Clause is modified by Clause 11, “Embedded SQL”, in ISO/IEC 9075-10.
This Clause is modified by Clause 18, “Embedded SQL”, in ISO/IEC 9075-14.
This Clause is modified by Clause 16, “Embedded SQL”, in ISO/IEC 9075-15.

21.1 <embedded SQL host program>
This Subclause is modified by Subclause 17.1, “<embedded SQL host program>”, in ISO/IEC 9075-4.
This Subclause is modified by Subclause 11.1, “<embedded SQL host program>”, in ISO/IEC 9075-10.
This Subclause is modified by Subclause 18.1, “<embedded SQL host program>”, in ISO/IEC 9075-14.

Function

Specify an <embedded SQL host program>.

Format
10 <embedded SQL host program> ::=

<embedded SQL Ada program>
| <embedded SQL C program>
| <embedded SQL COBOL program>
| <embedded SQL Fortran program>
| <embedded SQL MUMPS program>
| <embedded SQL Pascal program>
| <embedded SQL PL/I program>

<embedded SQL statement> ::=
<SQL prefix> <statement or declaration> [ <SQL terminator> ]

10 <statement or declaration> ::=
<declare cursor>

| <dynamic declare cursor>
| <temporary table declaration>
| <embedded authorization declaration>
| <embedded path specification>
| <embedded transform group specification>
| <embedded collation specification>
| <embedded exception declaration>
| <SQL procedure statement>

10 <SQL prefix> ::=
EXEC SQL

| <ampersand> SQL <left paren>

<SQL terminator> ::=
END-EXEC

| <semicolon>
| <right paren>

<embedded authorization declaration> ::=
DECLARE <embedded authorization clause>
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<embedded authorization clause> ::=
SCHEMA <schema name>

| AUTHORIZATION <embedded authorization identifier>
    [ FOR STATIC { ONLY | AND DYNAMIC } ]

| SCHEMA <schema name> AUTHORIZATION <embedded authorization identifier>
    [ FOR STATIC { ONLY | AND DYNAMIC } ]

<embedded authorization identifier> ::=
<module authorization identifier>

<embedded path specification> ::=
<path specification>

<embedded transform group specification> ::=
<transform group specification>

<embedded collation specification> ::=
<module collations>

<embedded SQL declare section> ::=
<embedded SQL begin declare>
    [ <embedded character set declaration> ]
    [ <host variable definition>... ]

<embedded SQL end declare>
| <embedded SQL MUMPS declare>

<embedded character set declaration> ::=
SQL NAMES ARE <character set specification>

<embedded SQL begin declare> ::=
<SQL prefix> BEGIN DECLARE SECTION [ <SQL terminator> ]

<embedded SQL end declare> ::=
<SQL prefix> END DECLARE SECTION [ <SQL terminator> ]

<embedded SQL MUMPS declare> ::=
<SQL prefix>

BEGIN DECLARE SECTION
    [ <embedded character set declaration> ]
    [ <host variable definition>... ]

END DECLARE SECTION
<SQL terminator>

<host variable definition> ::=
<Ada variable definition>

| <C variable definition>
| <COBOL variable definition>
| <Fortran variable definition>
| <MUMPS variable definition>
| <Pascal variable definition>
| <PL/I variable definition>

10 <embedded variable name> ::=
<colon> <host identifier>

<host identifier> ::=
<Ada host identifier>

| <C host identifier>
| <COBOL host identifier>
| <Fortran host identifier>
| <MUMPS host identifier>
| <Pascal host identifier>
| <PL/I host identifier>
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Syntax Rules

1) An <embedded SQL host program> is a compilation unit that consists of programming language
text and SQL text. The SQL text shall consist of one or more <embedded SQL statement>s and,
optionally, one or more <embedded SQL declare section>s, as defined in this document. The pro-
gramming language text shall conform to the requirements of a specific programming language,
the host language. When <embedded SQLAda program>, <embedded SQL C program>, <embedded
SQL COBOL program>, <embedded SQL Fortran program>, <embedded SQL MUMPS program>,
<embeddedSQLPascal program>, or <embeddedSQLPL/I program> is specified, thehost language
is Ada, C, COBOL, Fortran, M, Pascal, or PL/I, respectively.

NOTE 774— “Compilation unit” is defined in Subclause 4.30, “SQL-client modules”.

2) Case:

a) If an <embedded SQL statement> or <embedded SQL MUMPS declare> is contained in an
<embedded SQL MUMPS program>, then it shall contain an <SQL prefix> that is
“<ampersand>SQL<left paren>”. There shall be no <separator> between the <ampersand>
and “SQL” nor between “SQL” and the <left paren>.

b) 10 If an <embedded SQL statement>, <embedded SQL begin declare>, or <embedded SQL end
declare> is not contained in an <embedded SQL MUMPS program>, then it shall contain an
<SQL prefix> that is “EXEC SQL”.

3) 10 Case:

a) An <embedded SQL statement>, <embedded SQL begin declare>, or <embedded SQL end
declare> contained in an<embeddedSQLCOBOLprogram>shall contain an<SQL terminator>
that is END-EXEC.

b) An <embedded SQL statement>, <embedded SQL begin declare>, or <embedded SQL end
declare> contained in an<embeddedSQLFortranprogram>shall not contain an<SQL termin-
ator>.

c) 10An <embedded SQL statement>, <embedded SQL begin declare>, or <embedded SQL end
declare> contained in an <embedded SQL Ada program>, <embedded SQL C program>,
<embedded SQL Pascal program>, or <embedded SQL PL/I program> shall contain an <SQL
terminator> that is a <semicolon>.

d) An <embedded SQL statement> or <embedded SQL MUMPS declare> that is contained in an
<embedded SQLMUMPS program> shall contain an <SQL terminator> that is a <right paren>.

4) Case:

a) An<embeddedSQLdeclare section> that is contained in an<embeddedSQLMUMPSprogram>
shall be an <embedded SQL MUMPS declare>.

b) An <embedded SQL declare section> that is not contained in an <embedded SQL MUMPS
program> shall not be an <embedded SQL MUMPS declare>.

5) The <token>s comprising an <SQL prefix>, <embedded SQL begin declare>, or <embedded SQL end
declare> shall be separated by <space> characters and shall be specified on one line. Otherwise,
the rules for the continuation of lines and tokens from one line to the next and for the placement
of host language comments are those of the programming language of the containing <embedded
SQL host program>.

6) If an <embedded authorization declaration> appears in an <embedded SQL host program>, then it
shall be contained in the first <embedded SQL statement> of that <embedded SQL host program>.

7) An<embeddedSQLhostprogram>shall not containmore thanone<embeddedpath specification>.

© ISO/IEC 2023 – All rights reserved 1361

ISO/IEC 9075-2:2023(E)
21.1 <embedded SQL host program>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19


8) An <embedded SQL host program> shall not contain more than one <embedded transform group
specification>.

9) An <embedded SQL host program> shall not contain more than one <embedded collation specific-
ation>.

10) Case:

a) If <embedded transform group specification> is not specified, then an <embedded transform
group specification>containing a<multiple group specification>with a<group specification>
GS for each <host variable definition> that has an associated user-defined typeUDT, but is not
a user-defined type locator variable is implicit. The <group name> of GS is implementation-
defined (ID177) and its <path-resolved user-defined type name> is the <user-defined type
name> of UDT.

b) If <embedded transform group specification> contains a <single group specification> with a
<groupname>GN, then an<embedded transformgroup specification>containing a<multiple
group specification> with a <group specification> GS for each <host variable definition> that
has an associated user-defined type UDT, but is not a user-defined type locator variable is
implicit. The <group name> of GS is GN and its <path-resolved user-defined type name> is the
<user-defined type name> of UDT.

c) If <embedded transform group specification> contains a <multiple group specification>MGS,
thenan<embedded transformgroupspecification>containinga<multiple groupspecification>
that containsMGS extendedwith a <group specification>GS for each<host variable definition>
that has an associated user-defined type UDT, but is not a user-defined type locator variable
and no equivalent of UDT is contained in any <group specification> contained inMGS is
implicit. The <group name> of GS is implementation-defined (ID177) and its <path-resolved
user-defined type name> is the <user-defined type name> of UDT.

11) In the text of the <embedded SQL host program>, the implicit or explicit <embedded transform
group specification> shall precede every <host variable definition>.

12) An <embedded SQL host program> shall contain no more than one <embedded character set
declaration>. If an <embedded character set declaration> is not specified, then an <embedded
character set declaration> that specifies an implementation-defined (ID235) character set that
contains at least every character that is in <SQL language character> is implicit.

13) A<temporary tabledeclaration> that is contained in an<embeddedSQLhostprogram>shall precede
in the text of that <embedded SQL host program> any SQL-statement or <declare cursor> that ref-
erences the <table name> of the <temporary table declaration>.

14) A <declare cursor> that is contained in an <embedded SQL host program> shall precede in the text
of that <embedded SQL host program> any SQL-statement that references the <cursor name> of
the <declare cursor>.

15) A <dynamic declare cursor> that is contained in an <embedded SQL host program> shall precede
in the text of that <embedded SQL host program> any SQL-statement that references the <cursor
name> of the <dynamic declare cursor>.

16) 10Any <host identifier> that is contained in an <embedded SQL statement> in an <embedded SQL
host program> shall be defined in exactly one <host variable definition> contained in that
<embeddedSQLhost program>. In programming languages that support <host variable definition>s
in subprograms, two <host variable definition>s with different, non-overlapping scope in the host
language are to be regarded asdefiningdifferent host variables, even if they specify the samevariable
name. That <host variable definition> shall appear in the text of the <embedded SQLhost program>
prior to any <embedded SQL statement> that references the <host identifier>. The <host variable
definition> shall be such that a host language reference to the <host identifier> is valid at every
<embedded SQL statement> that contains the <host identifier>.
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17) The operative embedded language Subclause is

Case:

a) If the host language is Ada, then Subclause 21.3, “<embedded SQL Ada program>”.

b) If the host language is C, then Subclause 21.4, “<embedded SQL C program>”.

c) If the host language is COBOL, then Subclause 21.5, “<embedded SQL COBOL program>”.

d) If the host language is Fortran, then Subclause 21.6, “<embedded SQL Fortran program>”.

e) If the host language is M, then Subclause 21.7, “<embedded SQL MUMPS program>”.

f) If the host language is Pascal, then Subclause 21.8, “<embedded SQL Pascal program>”.

g) If the host language is PL/I, then Subclause 21.9, “<embedded SQL PL/I program>”.

18) 10A <host variable definition> defines the host language data type of the <host identifier> and the
equivalent <host parameter data type>, as specified in theoperative embedded language Subclause.

19) 10An <embedded SQL host program> shall contain a <host variable definition> that specifies SQL-
STATE as the <host identifier>.

NOTE 775— The host language data type of the SQLSTATE host variable must satisfy the Syntax Rules of
Subclause 13.3, “<externally-invoked procedure>”.

20) If one or more <host variable definition>s that specify SQLSTATE appear in an <embedded SQL
host program>, then the <host variable definition>s shall be such that a host language reference to
SQLSTATE is valid at every <embedded SQL statement>, including <embedded SQL statement>s
that appear in any subprograms contained in that <embedded SQL host program>. The first such
<host variabledefinition>of SQLSTATEshall appear in the text of the<embeddedSQLhost program>
prior to any <embedded SQL statement>.

21) 10Given an <embedded SQL host program>H, there is an implied standard-conforming <SQL-client
module definition>M and an implied host program P derived fromH. The derivation of the implied
program P and the implied <SQL-clientmodule definition>M of an <embedded SQL host program>
H effectively precedes the processing of any host language program text manipulation commands
such as inclusion or copying of text.

Before H can be executed,M is processed by an implementation-defined (IW210) mechanism to
produce an SQL-client module. An SQL-implementation may combine this mechanism with the
processingof the<embeddedSQLhost program>, inwhich the existenceofM is purely hypothetical.

Given an <embedded SQL host program> Hwith an implied <SQL-client module definition>M and
an implied program P defined as above:

a) The implied<SQL-clientmodule definition>MofH shall be a standard-conforming<SQL-client
module definition>.

b) The implied program P shall conform to the specification of the host language.

22) 10M is derived from H as follows:

a) M contains a <module name clause> whose <SQL-client module name> is either implemen-
tation-dependent (UV118) or is omitted.

b) M contains a <module character set specification> that is identical to the explicit or implicit
<embedded character set declaration> with the keyword “SQL” removed.

c) M contains a <language clause> that specifies either ADA, C, COBOL, FORTRAN, M, PASCAL,
or PLI, where H is respectively an <embedded SQL Ada program>, an <embedded SQL C pro-
gram>, an <embedded SQL COBOL program>, an <embedded SQL Fortran program>, an
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<embedded SQL MUMPS program>, an <embedded SQL Pascal program>, or an <embedded
SQL PL/I program>.

d) Case:

i) If H contains an <embedded authorization declaration> EAD, then let EAC be the
<embeddedauthorizationclause>contained inEAD;M containsa<moduleauthorization
clause> that specifies EAC.

ii) Otherwise, let SN be an implementation-defined (ID234) <schema name>;M contains
a <module authorization clause> that specifies “SCHEMA SN”.

e) Case:

i) IfH contains an<embeddedpath specification>EPS, thenM contains the<module path
specification> EPS.

ii) Otherwise,M containsan implementation-defined(ID233)<modulepath specification>.

f) M contains a <module transform group specification> that is identical to the explicit or
implicit <embedded transform group specification>.

g) If an<embeddedcollation specification>ECS is specified, thenM contains a<module collations>
that is identical to the <module collations> contained in ECS.

h) For every <declare cursor> EC contained in H,M contains one <declare cursor> PC and one
<externally-invoked procedure> PS that contains an <open statement> that references PC.

i) The <procedure name> of PS is implementation-dependent (UV119). PS contains a
<host parameter declaration> PD for each distinct <embedded variable name> EVN
contained in PCwith an implementation-dependent (UV120) <host parameter name>
PN and the <host parameter data type> PT, determined by the Syntax Rules of the
operative embedded language Subclause.

ii) PS contains a <host parameter declaration> that specifies SQLSTATE. The order of
<host parameter declaration>s in PS is implementation-dependent (US051). PC is a
copy of EC in which each EVN has been replaced as follows.

Case:

1) If EVN does not identify user-defined type locator variable, but EVN identifies a
host variable that has an associated user-defined type UT, then:

A) LetGNbe the<groupname>corresponding to the<user-defined typename>
ofUT contained in<group specification>contained in<embedded transform
group specification>.

B) The Syntax Rules of Subclause 9.33, “Determination of a to-sql function”,
are applied with DT as TYPE and GN as GROUP; let TSF be the TO-SQL
FUNCTION returned from the application of those Syntax Rules.

C) Let TPT be the declared type of the single SQL parameter of TSF. PT shall
be assignable to TPT.

D) EVN is replaced by:

TSFN(CAST(PN AS TPT))

2) 14Otherwise, EVN is replaced by:

PN
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i) For every <dynamic declare cursor> EC in H,M contains one <dynamic declare cursor> PC
that is a copy of EC.

j) M contains one <temporary table declaration> for each <temporary table declaration> con-
tained inH. Each<temporary tabledeclaration>ofM is a copyof the corresponding<temporary
table declaration> of H.

k) 04M contains one <embedded exception declaration> for each <embedded exception declara-
tion> contained inH. Each<embeddedexceptiondeclaration>ofM is a copyof the correspond-
ing <embedded exception declaration> of H.

l) 04M containsan<externally-invokedprocedure> foreach<SQLprocedure statement>contained
in H. The <externally-invoked procedure> PS ofM corresponding with an <SQL procedure
statement> ES of H is defined as follows.

Case:

i) If ES is not an <open statement>, then:

1) The <procedure name> of PS is implementation-dependent (UV119).

2) Let n be the number of distinct <embedded variable name>s contained in ES. Let
HVNi, 1 (one) ≤ i ≤ n, be the i-th such <embedded variable name> and let HVi be
the host variable identified by HVNi.

3) For each HVNi, 1 (one) ≤ i ≤ n, PS contains a <host parameter declaration> PDi
defining a host parameter Pi such that:

A) The <host parameter name> PNi of PDi is implementation-dependent
(UV120).

B) The <host parameter data type> PTi of PDi is determined by the Syntax
Rules of the operative embedded language Subclause.

4) PS contains a <host parameter declaration> that specifies SQLSTATE.

5) The order of the <host parameter declaration>s PDi, 1 (one) ≤ i ≤ n, is implemen-
tation-dependent (US051).

6) For each HVNi, 1 (one) ≤ i ≤ n, that identifies some HVi that has an associated
user-defined type, but is not a user-defined type locator variable, the SyntaxRules
of Subclause 9.8, “Host parameter mode determination”, are applied with PDi
corresponding to HVNi as HOST PARAM DECL and ES as SQL PROC STMT; let
PMODEi be the PARAMETERMODE returned from the application of those Syntax
Rules to determine whether the corresponding Pi is an input host parameter, an
output host parameter, or both an input host parameter and an output host
parameter.

A) Among Pi, 1 (one) ≤ i ≤ n, let a be the number of host parameters, where
PMODEi is equal to “IN”, bbe the number of host parameters,wherePMODEi
is equal to “OUT”, and let cbe thenumber of host parameters,wherePMODEi
is equal to “INOUT”.

B) Among Pi, 1 (one) ≤ i ≤ n, let PIj, 1 (one) ≤ j ≤ a, be the host parameters,
where PMODEi is equal to “IN”, let POk, 1 (one) ≤ k ≤ b, be the host paramet-
ers, where PMODEi is equal to “OUT”, and let PIOl, 1 (one) ≤ l ≤ c, be the host
parameters, where PMODEi is equal to “INOUT”.
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C) Let PNIj, 1 (one) ≤ j ≤ a, be the <host parameter name> of PIj. Let PNOk, 1
(one) ≤ k ≤ b, be the <host parameter name> of POk. Let PNIOl, 1 (one) ≤ l
≤ c, be the <host parameter name> of PIOl.

D) LetHVIj, 1 (one) ≤ j ≤ a, be the host variable corresponding to PIj. LetHVOk,
1 (one)≤ k≤ b, be the host variable corresponding to POk. LetHVIOl, 1 (one)
≤ l ≤ c, be the host variable corresponding to PIOl.

E) Let TSIj, 1 (one) ≤ j ≤ a, be the associated SQL data type of HVIj. Let TSOk, 1
(one) ≤ k ≤ b, be the associated SQL data type of HVOk. Let TSIOl, 1 (one) ≤
l ≤ c, be the associated SQL data type of HVIOl.

F) Let TUIj, 1 (one) ≤ j ≤ a, be the associated user-defined type of HVIj. Let
TUOk, 1 (one)≤ k≤b, be the associateduser-defined typeofHVOk. LetTUIOl,
1 (one) ≤ l ≤ c, be the associated user-defined type of HVIOl.

G) Let GNIj, 1 (one) ≤ j ≤ a, be the <group name> corresponding to the <user-
defined typename>ofTUIj contained in the<group specification>contained
in <embedded transform group specification>. Let GNOk, 1 (one) ≤ k ≤ b, be
the <group name> corresponding to the <user-defined type name> of TUOk
contained in the <group specification> contained in <embedded transform
group specification>. LetGNIOl, 1 (one)≤ l≤ c, be the <group name> corres-
ponding to the <user-defined type name> of TUIOl contained in the <group
specification> contained in <embedded transform group specification>.

H) For every j, 1 (one) ≤ j ≤ a, the Syntax Rules of Subclause 9.33, “Determina-
tion of a to-sql function”, are applied with TUIj as TYPE and GNIj as GROUP;
let TSFIj be the TO-SQL FUNCTION returned from the application of those
Syntax Rules. There shall be an applicable to-sql function TSFIj identified
by <routine name> TSINj. Let TTIj be the data type of the single SQL para-
meter of TSFIj. TSIj shall be assignable to TTIj.

I) For every l, 1 (one)≤ l≤ c, the SyntaxRules of Subclause9.33, “Determination
of a to-sql function”, are applied with TUIOl as TYPE and GNIOl as GROUP;
let TSFIOl be the TO-SQL FUNCTION returned from the application of those
Syntax Rules. There shall be an applicable to-sql function TSFIOl identified
by <routine name> TSIONl. Let TTIOl be the data type of the single SQL
parameter of TSFIOl. TSIOl shall be assignable to TTIOl.

J) For every k, 1 (one) ≤ k ≤ b, the Syntax Rules of Subclause 9.31, “Determin-
ation of a from-sql function”, are applied with TUOk as TYPE and GNOk as
GROUP; letFSFOkbe theFROM-SQLFUNCTION returned fromtheapplication
of those Syntax Rules. There shall be an applicable from-sql function FSFOk
identified by <routine name> FSONk. Let TROk be the result data type of
FSFOk. TSOk shall be assignable to TROk.

K) For every l, 1 (one)≤ l≤ c, the SyntaxRules of Subclause9.31, “Determination
of a from-sql function”, are appliedwithTUIOl asTYPE andGNIOl asGROUP;
let FSFIOl be the FROM-SQL FUNCTION returned from the application of
those Syntax Rules. There shall be an applicable from-sql function FSFIOl
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identified by <routine name> FSIONl. Let TRIOl be the result data type of
FSFIOl. TSIOl shall be assignable to TRIOl.

L) Let SVIj, 1 (one) ≤ j ≤ a, SVOk, 1 (one) ≤ k ≤ b, and SVIOl, 1 (one) ≤ l ≤ c, be
implementation-defined <SQL variable name>s, each of which is not equi-
valent to any other <SQL variable name> contained in ES, to any <SQL
parameter name> contained in ES, or to any <column name> contained in
ES.

7) 14 Let NES be an <SQL procedure statement> that is a copy of ES in which every
HVNi, 1 (one) ≤ i ≤ n, is replaced as follows.

Case:

A) If HVi has an associated user-defined type but is not a user-defined type
locator variable, then

Case:

I) If PMODEi is equal to “IN”, then let PIj, 1 (one) ≤ j ≤ a, be the host
parameter that corresponds to Pi; HVNi is replaced by SVIj.

II) If PMODEi is equal to “OUT”, then let POk, 1 (one) ≤ k ≤ b, be the host
parameter that corresponds to Pi; HVNi is replaced by SVOk.

III) Otherwise, let PIOl, 1 (one)≤ l ≤ c, be the host parameter that corres-
ponds to Pi; HVNi is replaced by SVIOl.

B) 14Otherwise, HVNi is replaced by PNi.

8) 14The <SQL procedure statement> of PS is:

BEGIN ATOMIC
DECLARE SVI1 TUI1;

    ...
DECLARE SVIa TUIa;
DECLARE SVO1 TUO1;

    ...
DECLARE SVOb TUOb;
DECLARE SVIO1 TUIO1;

    ...
DECLARE SVIOc TUIOc;
SET SVI1 = TSIN1 (CAST (PNI1 AS TTI1));

    ...
SET SVIa = TSINa (CAST (PNIa AS TTIa));
SET SVIO1 = TSION1 (CAST (PNIO1 AS TTIO1));

    ...
SET SVIOc = TSIONc (CAST (PNIOc AS TTIOc));
NES;
SET PNO1 = CAST ( FSON1 (SVO1) AS TSO1);

    ...
SET PNOb = CAST ( FSONb (SVOb) AS TSOb);
SET PNIO1 = CAST ( FSION1 (SVIO1) AS TSIO1);

    ...
SET PNIOc = CAST ( FSIONc (SVIOc) AS TSIOc);

END;

9) Whether one <externally-invoked procedure> ofM can correspond tomore than
one <SQL procedure statement> of H is implementation-dependent (UA071).
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ii) If ES is an <open statement>, then:

1) Let EC be the <declare cursor> in H referenced by ES.

2) PS is the<externally-invokedprocedure> inM that contains an<open statement>
that references the <declare cursor> inM corresponding to EC.

23) 04 10 P is derived from H as follows:

a) Each<embeddedSQLbegindeclare>, <embeddedSQLenddeclare>, and<embeddedcharacter
set declaration> has been deleted. If the embedded host language is M, then each <embedded
SQL MUMPS declare> has been deleted.

b) Each <host variable definition> in an <embedded SQL declare section> has been replaced by
a valid data definition in the target host language according to the SyntaxRules of the operative
embedded language Subclause.

c) 04Each <embedded SQL statement> that contains a <declare cursor>, a <dynamic declare
cursor>, an <SQL-invoked routine>, or a <temporary table declaration> has been deleted, and
every <embedded SQL statement> that contains an <embedded exception declaration> has
been replaced with statements of the host language that will have the effect specified by the
General Rules of Subclause 21.2, “<embedded exception declaration>”.

d) Each <embedded SQL statement> that contains an <SQL procedure statement> has been
replaced by host language statements that perform the following actions:

i) A host language procedure or subroutine call of the <externally-invoked procedure>
of the implied <SQL-client module definition>M of H that corresponds with the <SQL
procedure statement>.

If the <SQL procedure statement> is not an <open statement>, then the arguments of
the call include each distinct <host identifier> contained in the <SQL procedure state-
ment> togetherwith the SQLSTATE<host identifier>. If the <SQLprocedure statement>
is an <open statement>, then the arguments of the call include each distinct <host
identifier> contained in the corresponding <declare cursor> of H together with the
SQLSTATE <host identifier>.

The order of the arguments in the call correspondswith the order of the corresponding
<host parameter declaration>s in the corresponding <externally-invoked procedure>.

NOTE 776— In an <embedded SQL Fortran program>, the “SQLSTATE” variable can be abbreviated
to “SQLSTA”. See the Syntax Rules of Subclause 21.6, “<embedded SQL Fortran program>”.

ii) Exception actions, as specified in Subclause 21.2, “<embedded exceptiondeclaration>”.

e) Each <statement or declaration> that contains an <embedded authorization declaration> is
deleted.

Access Rules

1) For everyhost variablewhose<embeddedvariablename> is contained in<statementordeclaration>
and has an associated user-defined type, the current privileges shall include EXECUTE privilege on
all from-sql functions (if any) and all to-sql functions (if any) referenced in the corresponding SQL-
client module.

General Rules

1) The interpretation of an <embedded SQL host program> H is defined to be equivalent to the inter-
pretation of the implied program P of H and the implied <SQL-client module definition>M of H.

1368 © ISO/IEC 2023 – All rights reserved

ISO/IEC 9075-2:2023(E)
21.1 <embedded SQL host program>

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 90
75

-2:
20

23

https://standardsiso.com/api/?name=73e7caf503348981b0165ba173209f19

	Contents
	Tables
	Figures
	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	3.1 Definitions taken from ISO/IEC 10646:2020
	3.2 Definitions taken from ISO/IEC 14651:2020
	3.3 Definitions taken from ISO 8601-1:2019
	3.4 Definitions taken from XQuery and XPath Functions and Operators 3.1
	3.5 Definitions provided in this document

	4 Concepts
	4.1 Notations and conventions
	4.1.1 Notations
	4.1.2 Use of terms

	4.2 Data types
	4.2.1 General introduction to data types
	4.2.2 Naming of predefined types
	4.2.3 Host language data types
	4.2.4 Data type terminology
	4.2.5 Properties of distinct

	4.3 Character strings
	4.3.1 Introduction to character strings
	4.3.2 Comparison of character strings
	4.3.3 Operations involving character strings
	4.3.3.1 Regular expression syntaxes
	4.3.3.2 Operators that operate on character strings and return character strings
	4.3.3.3 Other operators involving character strings
	4.3.3.4 Operations involving large object character strings

	4.3.4 Character repertoires
	4.3.5 Character encoding forms
	4.3.6 Collations
	4.3.7 Character sets
	4.3.8 Universal character sets

	4.4 Binary strings
	4.4.1 Introduction to binary strings
	4.4.2 Binary string comparison
	4.4.3 Operations involving binary strings
	4.4.3.1 Operators that operate on binary strings and return binary strings
	4.4.3.2 Other operators involving binary strings


	4.5 Numbers
	4.5.1 Introduction to numbers
	4.5.2 Characteristics of numbers
	4.5.3 Operations involving numbers

	4.6 Boolean types
	4.6.1 Introduction to Boolean types
	4.6.2 Comparison and assignment of Booleans
	4.6.3 Operations involving Booleans
	4.6.3.1 Operations on Booleans that return Booleans
	4.6.3.2 Other operators involving Booleans


	4.7 Datetimes and intervals
	4.7.1 Introduction to datetimes and intervals
	4.7.2 Datetimes
	4.7.3 Intervals
	4.7.4 Operations involving datetimes and intervals

	4.8 JSON types
	4.8.1 Introduction to JSON types
	4.8.2 Comparison and assignment of JSON values
	4.8.3 Operations involving JSON values

	4.9 User-defined types
	4.9.1 Introduction to user-defined types
	4.9.2 Distinct types
	4.9.3 Structured types
	4.9.3.1 Introduction to structured types
	4.9.3.2 Observer functions and mutator functions
	4.9.3.3 Constructors
	4.9.3.4 Subtypes and supertypes

	4.9.4 Methods
	4.9.5 User-defined type comparison and assignment
	4.9.6 Transforms for user-defined types
	4.9.7 User-defined type descriptor

	4.10 Row types
	4.11 Reference types
	4.11.1 Introduction to reference types
	4.11.2 Operations involving references

	4.12 Collection types
	4.12.1 Introduction to collection types
	4.12.2 Arrays
	4.12.3 Multisets
	4.12.4 Collection comparison and assignment
	4.12.5 Operations involving arrays
	4.12.5.1 Operators that operate on array values and return array elements
	4.12.5.2 Operators that operate on array values and return array values
	4.12.5.3 Operators that operate on array values and return numbers

	4.12.6 Operations involving multisets
	4.12.6.1 Operators that operate on multisets and return multiset elements
	4.12.6.2 Operators that operate on multisets and return multisets
	4.12.6.3 Operators that operate on multiset values and return numbers


	4.13 Data conversions
	4.14 Domains
	4.15 Columns, fields, and attributes
	4.16 Periods
	4.16.1 Introduction to periods
	4.16.2 Operations involving periods

	4.17 Tables
	4.17.1 Introduction to tables
	4.17.2 Base tables
	4.17.2.1 Introduction to base tables
	4.17.2.2 Regular persistent base tables
	4.17.2.3 System-versioned tables
	4.17.2.4 Temporary tables

	4.17.3 Derived tables
	4.17.4 Transient tables
	4.17.5 Unique identification of tables
	4.17.6 Table updatability
	4.17.7 Table descriptors
	4.17.8 Syntactic analysis of derived tables and cursors
	4.17.9 Referenceable tables, subtables, and supertables
	4.17.10 Operations involving tables
	4.17.11 Range variables
	4.17.12 Identity columns
	4.17.13 Base columns and generated columns
	4.17.14 Grouped tables
	4.17.15 Windowed tables

	4.18 Data analysis operations
	4.18.1 Introduction to data analysis operations
	4.18.2 Group functions
	4.18.3 Window functions
	4.18.4 Aggregate functions
	4.18.5 Row pattern measures

	4.19 Row pattern matching
	4.19.1 Introduction to row pattern matching
	4.19.2 Matching rows with a pattern
	4.19.3 Row pattern matching illustrated
	4.19.4 Row pattern partitioning
	4.19.5 Row ordering
	4.19.6 Row pattern measure columns
	4.19.7 Number of rows per match
	4.19.8 Skipping rows after matching

	4.20 Row patterns
	4.21 Unions of row pattern variables
	4.22 Defining Boolean conditions
	4.23 Scalar expressions in row pattern matching
	4.23.1 Introduction to scalars in row pattern matching
	4.23.2 Running vs. final semantics
	4.23.3 Row pattern navigation operations
	4.23.4 Row pattern classifier function
	4.23.5 Row pattern match number function

	4.24 Determinism
	4.25 Integrity constraints
	4.25.1 Overview of integrity constraints
	4.25.2 Checking of constraints
	4.25.3 Table constraints
	4.25.3.1 Introduction to table constraints
	4.25.3.2 Unique constraints
	4.25.3.3 Referential constraints
	4.25.3.4 Table check constraints

	4.25.4 Domain constraints
	4.25.5 Assertions

	4.26 Functional dependencies
	4.26.1 Overview of functional dependency rules and notations
	4.26.2 General rules and definitions
	4.26.3 Known functional dependencies in a base table
	4.26.4 Known functional dependencies in a viewed table
	4.26.5 Known functional dependencies in a transition table
	4.26.6 Known functional dependencies in <table value constructor>
	4.26.7 Known functional dependencies in a <joined table>
	4.26.8 Known functional dependencies in a <table primary>
	4.26.9 Known functional dependencies in a <table factor>
	4.26.10 Known functional dependencies in a <table reference>
	4.26.11 Known functional dependencies in the result of a <from clause>
	4.26.12 Known functional dependencies in the result of a <where clause>
	4.26.13 Known functional dependencies in the result of a <group by clause>
	4.26.14 Known functional dependencies in the result of a <having clause>
	4.26.15 Known functional dependencies in a <query specification>
	4.26.16 Known functional dependencies in a <query expression>

	4.27 Candidate keys
	4.28 SQL-schemas
	4.29 Sequence generators
	4.29.1 General description of sequence generators
	4.29.2 Operations involving sequence generators

	4.30 SQL-client modules
	4.31 Embedded syntax
	4.32 Dynamic SQL concepts
	4.32.1 Introduction to dynamic SQL
	4.32.2 Overview of dynamic SQL for constructed SQL-statements
	4.32.3 Overview of dynamic SQL for polymorphic table functions
	4.32.4 Dynamic SQL statements and descriptor areas

	4.33 Direct invocation of SQL
	4.34 Externally-invoked procedures
	4.35 SQL-invoked routines
	4.35.1 Overview of SQL-invoked routines
	4.35.2 Characteristics of SQL-invoked routines
	4.35.3 Execution of conventional SQL-invoked routines
	4.35.4 Invocation of polymorphic table functions
	4.35.5 Routine descriptors
	4.35.6 Result sets returned by SQL-invoked procedures

	4.36 SQL-paths
	4.37 Host parameters
	4.37.1 Overview of host parameters
	4.37.2 Status parameters
	4.37.3 Data parameters
	4.37.4 Indicator parameters
	4.37.5 Locators

	4.38 Diagnostics area
	4.39 Host languages
	4.40 Cursors
	4.40.1 General description of cursors
	4.40.2 Operations on and using cursors

	4.41 SQL-statements
	4.41.1 Classes of SQL-statements
	4.41.2 SQL-statements classified by function
	4.41.2.1 SQL-schema statements
	4.41.2.2 SQL-data statements
	4.41.2.3 SQL-data change statements
	4.41.2.4 SQL-transaction statements
	4.41.2.5 SQL-connection statements
	4.41.2.6 SQL-control statements
	4.41.2.7 SQL-session statements
	4.41.2.8 SQL-diagnostics statements
	4.41.2.9 SQL-dynamic statements
	4.41.2.10 SQL embedded exception declaration

	4.41.3 SQL-statements and SQL-data access indication
	4.41.4 SQL-statements and transaction states
	4.41.5 SQL-statement atomicity and statement execution contexts
	4.41.6 Embeddable SQL-statements
	4.41.7 Preparable and immediately executable SQL-statements
	4.41.8 Directly executable SQL-statements

	4.42 Basic security model
	4.42.1 Authorization identifiers
	4.42.1.1 Introduction to authorization identifiers
	4.42.1.2 SQL-session authorization identifiers
	4.42.1.3 SQL-client module authorization identifiers
	4.42.1.4 SQL-schema authorization identifiers

	4.42.2 Privileges
	4.42.3 Roles
	4.42.4 Security model definitions

	4.43 SQL-transactions
	4.43.1 General description of SQL-transactions
	4.43.2 Savepoints
	4.43.3 Properties of SQL-transactions
	4.43.4 Isolation levels of SQL-transactions
	4.43.5 Implicit rollbacks
	4.43.6 Effects of SQL-statements in an SQL-transaction
	4.43.7 Encompassing transactions
	4.43.7.1 Encompassing transaction belonging to an external agent
	4.43.7.2 Encompassing transaction belonging to the SQL-agent


	4.44 SQL-connections
	4.45 SQL-sessions
	4.45.1 General description of SQL-sessions
	4.45.2 SQL-session identification
	4.45.3 SQL-session properties
	4.45.4 SQL-session context management
	4.45.5 Execution contexts
	4.45.6 Routine execution context

	4.46 Triggers
	4.46.1 General description of triggers
	4.46.2 Trigger execution

	4.47 Client-server operation
	4.48 JSON data handling in SQL
	4.48.1 Introduction
	4.48.2 Implied JSON data model
	4.48.3 SQL/JSON data model
	4.48.4 SQL/JSON functions
	4.48.5 Overview of SQL/JSON path language


	5 Lexical elements
	5.1 <SQL terminal character>
	5.2 <token> and <separator>
	5.3 <literal>
	5.4 Names and identifiers

	6 Scalar expressions
	6.1 <data type>
	6.2 <field definition>
	6.3 <value expression primary>
	6.4 <value specification> and <target specification>
	6.5 <contextually typed value specification>
	6.6 <identifier chain>
	6.7 <column reference>
	6.8 <SQL parameter reference>
	6.9 <set function specification>
	6.10 <window function>
	6.11 <nested window function>
	6.12 <case expression>
	6.13 <cast specification>
	6.14 <next value expression>
	6.15 <greatest or least function>
	6.16 <field reference>
	6.17 <subtype treatment>
	6.18 <method invocation>
	6.19 <static method invocation>
	6.20 <new specification>
	6.21 <attribute or method reference>
	6.22 <dereference operation>
	6.23 <method reference>
	6.24 <reference resolution>
	6.25 <array element reference>
	6.26 <multiset element reference>
	6.27 <row pattern navigation operation>
	6.28 <JSON value function>
	6.29 <value expression>
	6.30 <numeric value expression>
	6.31 <numeric value function>
	6.32 <string value expression>
	6.33 <string value function>
	6.34 <JSON value constructor>
	6.35 <JSON query>
	6.36 <JSON simplified accessor>
	6.37 <JSON serialize>
	6.38 <JSON value expression>
	6.39 <JSON typed value function>
	6.40 <JSON parse>
	6.41 <JSON scalar>
	6.42 <datetime value expression>
	6.43 <datetime value function>
	6.44 <interval value expression>
	6.45 <interval value function>
	6.46 <boolean value expression>
	6.47 <array value expression>
	6.48 <array value function>
	6.49 <array value constructor>
	6.50 <multiset value expression>
	6.51 <multiset value function>
	6.52 <multiset value constructor>

	7 Query expressions
	7.1 <row value constructor>
	7.2 <row value expression>
	7.3 <table value constructor>
	7.4 <table expression>
	7.5 <from clause>
	7.6 <table reference>
	7.7 <row pattern recognition clause>
	7.8 <row pattern measures>
	7.9 <row pattern common syntax>
	7.10 <joined table>
	7.11 <JSON table>
	7.12 <where clause>
	7.13 <group by clause>
	7.14 <having clause>
	7.15 <window clause>
	7.16 <query specification>
	7.17 <query expression>
	7.18 <search or cycle clause>
	7.19 <subquery>

	8 Predicates
	8.1 <predicate>
	8.2 <comparison predicate>
	8.3 <between predicate>
	8.4 <in predicate>
	8.5 <like predicate>
	8.6 <similar predicate>
	8.7 <regex like predicate>
	8.8 <null predicate>
	8.9 <quantified comparison predicate>
	8.10 <exists predicate>
	8.11 <unique predicate>
	8.12 <normalized predicate>
	8.13 <match predicate>
	8.14 <overlaps predicate>
	8.15 <distinct predicate>
	8.16 <member predicate>
	8.17 <submultiset predicate>
	8.18 <set predicate>
	8.19 <type predicate>
	8.20 <period predicate>
	8.21 <search condition>
	8.22 <JSON predicate>
	8.23 <JSON exists predicate>

	9 Additional common rules
	9.1 Retrieval assignment
	9.2 Store assignment
	9.3 Passing a value from a host language to the SQL-server
	9.4 Passing a value from the SQL-server to a host language
	9.5 Result of data type combinations
	9.6 Subject routine determination
	9.7 Type precedence list determination
	9.8 Host parameter mode determination
	9.9 Type name determination
	9.10 Determination of identical values
	9.11 Equality operations
	9.12 Grouping operations
	9.13 Multiset element grouping operations
	9.14 Ordering operations
	9.15 Collation determination
	9.16 Potential sources of non-determinism
	9.17 Executing an <SQL procedure statement>
	9.18 Invoking an SQL-invoked routine
	9.19 Processing a method invocation
	9.20 Transformation of query specifications
	9.21 Execution of array-returning external functions
	9.22 Execution of multiset-returning external functions
	9.23 Evaluation and transformation of <window function>
	9.24 Compilation of an invocation of a polymorphic table function
	9.25 Execution of an invocation of a polymorphic table function
	9.26 Signatures of PTF component procedures
	9.27 Invocation of a PTF component procedure
	9.28 XQuery regular expression matching
	9.29 XQuery regular expression replacement
	9.30 Data type identity
	9.31 Determination of a from-sql function
	9.32 Determination of a from-sql function for an overriding method
	9.33 Determination of a to-sql function
	9.34 Determination of a to-sql function for an overriding method
	9.35 Generation of the next value of a sequence generator
	9.36 Creation of a sequence generator
	9.37 Altering a sequence generator
	9.38 Generation of the hierarchical <query expression> of a view
	9.39 Determination of view privileges
	9.40 Determination of view component privileges
	9.41 Row pattern recognition in a sequence of rows
	9.42 Parsing JSON text
	9.43 Serializing an SQL/JSON item
	9.44 Converting an SQL/JSON sequence to an SQL/JSON item
	9.45 SQL/JSON path language: lexical elements
	9.46 SQL/JSON path language: syntax and semantics
	9.47 Processing <JSON API common syntax>
	9.48 Casting an SQL/JSON sequence to an SQL type
	9.49 Serializing an SQL/JSON sequence to an SQL string type
	9.50 Converting a datetime to a formatted character string
	9.51 Converting a formatted character string to a datetime
	9.52 Datetime templates

	10 Additional common elements
	10.1 <interval qualifier>
	10.2 <language clause>
	10.3 <path specification>
	10.4 <routine invocation>
	10.5 <character set specification>
	10.6 <specific routine designator>
	10.7 <collate clause>
	10.8 <constraint name definition> and <constraint characteristics>
	10.9 <aggregate function>
	10.10 <sort specification list>
	10.11 <JSON aggregate function>
	10.12 <JSON input expression>
	10.13 <JSON output clause>
	10.14 <JSON API common syntax>

	11 Schema definition and manipulation
	11.1 <schema definition>
	11.2 <drop schema statement>
	11.3 <table definition>
	11.4 <column definition>
	11.5 <default clause>
	11.6 <table constraint definition>
	11.7 <unique constraint definition>
	11.8 <referential constraint definition>
	11.9 <check constraint definition>
	11.10 <alter table statement>
	11.11 <add column definition>
	11.12 <alter column definition>
	11.13 <set column default clause>
	11.14 <drop column default clause>
	11.15 <set column not null clause>
	11.16 <drop column not null clause>
	11.17 <add column scope clause>
	11.18 <drop column scope clause>
	11.19 <alter column data type clause>
	11.20 <alter identity column specification>
	11.21 <drop identity property clause>
	11.22 <drop column generation expression clause>
	11.23 <drop column definition>
	11.24 <add table constraint definition>
	11.25 <alter table constraint definition>
	11.26 <drop table constraint definition>
	11.27 <add table period definition>
	11.28 <drop table period definition>
	11.29 <add system versioning clause>
	11.30 <drop system versioning clause>
	11.31 <drop table statement>
	11.32 <view definition>
	11.33 <drop view statement>
	11.34 <domain definition>
	11.35 <alter domain statement>
	11.36 <set domain default clause>
	11.37 <drop domain default clause>
	11.38 <add domain constraint definition>
	11.39 <drop domain constraint definition>
	11.40 <drop domain statement>
	11.41 <character set definition>
	11.42 <drop character set statement>
	11.43 <collation definition>
	11.44 <drop collation statement>
	11.45 <transliteration definition>
	11.46 <drop transliteration statement>
	11.47 <assertion definition>
	11.48 <drop assertion statement>
	11.49 <trigger definition>
	11.50 <drop trigger statement>
	11.51 <user-defined type definition>
	11.52 <attribute definition>
	11.53 <alter type statement>
	11.54 <add attribute definition>
	11.55 <drop attribute definition>
	11.56 <add original method specification>
	11.57 <add overriding method specification>
	11.58 <drop method specification>
	11.59 <drop data type statement>
	11.60 <SQL-invoked routine>
	11.61 <alter routine statement>
	11.62 <drop routine statement>
	11.63 <user-defined cast definition>
	11.64 <drop user-defined cast statement>
	11.65 <user-defined ordering definition>
	11.66 <drop user-defined ordering statement>
	11.67 <transform definition>
	11.68 <alter transform statement>
	11.69 <add transform element list>
	11.70 <drop transform element list>
	11.71 <drop transform statement>
	11.72 <sequence generator definition>
	11.73 <alter sequence generator statement>
	11.74 <drop sequence generator statement>

	12 Access control
	12.1 <grant statement>
	12.2 <grant privilege statement>
	12.3 <privileges>
	12.4 <role definition>
	12.5 <grant role statement>
	12.6 <drop role statement>
	12.7 <revoke statement>
	12.8 Grantor determination

	13 SQL-client modules
	13.1 <SQL-client module definition>
	13.2 <module name clause>
	13.3 <externally-invoked procedure>
	13.4 <SQL procedure statement>
	13.5 Data type correspondences

	14 Data manipulation
	14.1 <declare cursor>
	14.2 <cursor properties>
	14.3 <cursor specification>
	14.4 <open statement>
	14.5 <fetch statement>
	14.6 <close statement>
	14.7 <select statement: single row>
	14.8 <delete statement: positioned>
	14.9 <delete statement: searched>
	14.10 <truncate table statement>
	14.11 <insert statement>
	14.12 <merge statement>
	14.13 <update statement: positioned>
	14.14 <update statement: searched>
	14.15 <set clause list>
	14.16 <temporary table declaration>
	14.17 <free locator statement>
	14.18 <hold locator statement>

	15 Additional data manipulation rules
	15.1 Effect of opening a cursor
	15.2 Effect of receiving a result set
	15.3 Determination of the current row of a cursor
	15.4 Effect of closing a cursor
	15.5 Evaluating a <set clause list>
	15.6 Effect of a positioned delete
	15.7 Effect of a positioned update
	15.8 Effect of deleting rows from base tables
	15.9 Effect of deleting some rows from a derived table
	15.10 Effect of deleting some rows from a viewed table
	15.11 Effect of inserting tables into base tables
	15.12 Effect of inserting a table into a derived table
	15.13 Effect of inserting a table into a viewed table
	15.14 Effect of replacing rows in base tables
	15.15 Effect of replacing some rows in a derived table
	15.16 Effect of replacing some rows in a viewed table
	15.17 Checking of views that specify CHECK OPTION
	15.18 Execution of referential actions
	15.19 Execution of BEFORE triggers
	15.20 Execution of AFTER triggers
	15.21 Execution of triggers

	16 Control statements
	16.1 <call statement>
	16.2 <return statement>

	17 Transaction management
	17.1 <start transaction statement>
	17.2 <set transaction statement>
	17.3 <transaction characteristics>
	17.4 <set constraints mode statement>
	17.5 <savepoint statement>
	17.6 <release savepoint statement>
	17.7 <commit statement>
	17.8 <rollback statement>

	18 Connection management
	18.1 <connect statement>
	18.2 <set connection statement>
	18.3 <disconnect statement>

	19 Session management
	19.1 <set session characteristics statement>
	19.2 <set session user identifier statement>
	19.3 <set role statement>
	19.4 <set local time zone statement>
	19.5 <set catalog statement>
	19.6 <set schema statement>
	19.7 <set names statement>
	19.8 <set path statement>
	19.9 <set transform group statement>
	19.10 <set session collation statement>

	20 Dynamic SQL
	20.1 Description of SQL descriptor areas
	20.2 <allocate descriptor statement>
	20.3 <deallocate descriptor statement>
	20.4 <get descriptor statement>
	20.5 <set descriptor statement>
	20.6 <copy descriptor statement>
	20.7 <prepare statement>
	20.8 <cursor attributes>
	20.9 <deallocate prepared statement>
	20.10 <describe statement>
	20.11 <input using clause>
	20.12 <output using clause>
	20.13 <execute statement>
	20.14 <execute immediate statement>
	20.15 <dynamic declare cursor>
	20.16 <descriptor value constructor>
	20.17 <allocate extended dynamic cursor statement>
	20.18 <allocate received cursor statement>
	20.19 <dynamic open statement>
	20.20 <dynamic fetch statement>
	20.21 <dynamic single row select statement>
	20.22 <dynamic close statement>
	20.23 <dynamic delete statement: positioned>
	20.24 <dynamic update statement: positioned>
	20.25 <preparable dynamic delete statement: positioned>
	20.26 <preparable dynamic cursor name>
	20.27 <preparable dynamic update statement: positioned>
	20.28 <pipe row statement>

	21 Embedded SQL
	21.1 <embedded SQL host program>
	21.2 <embedded exception declaration>
	21.3 <embedded SQL Ada program>
	21.4 <embedded SQL C program>
	21.5 <embedded SQL COBOL program>
	21.6 <embedded SQL Fortran program>
	21.7 <embedded SQL MUMPS program>
	21.8 <embedded SQL Pascal program>
	21.9 <embedded SQL PL/I program>

	22 Direct invocation of SQL
	22.1 <direct SQL statement>
	22.2 <direct select statement: multiple rows>

	23 Diagnostics management
	23.1 <get diagnostics statement>
	23.2 Pushing and popping the diagnostics area stack

	24 Status codes
	24.1 SQLSTATE
	24.2 Remote Database Access SQLSTATE Subclasses

	25 Conformance
	25.1 Claims of conformance to SQL/Foundation
	25.2 Additional conformance requirements for SQL/Foundation
	25.3 Implied feature relationships of SQL/Foundation

	A SQL conformance summary
	B Implementation-defined elements
	C Implementation-dependent elements
	D SQL optional feature taxonomy
	E Deprecated features
	F Incompatibilities with ISO/IEC 9075:2016
	G Defect Reports not addressed in this edition of this document
	H SQL mandatory feature taxonomy
	Bibliography
	Index



