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Foreword

23(E)

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

Orgari7aﬁnnc governmental and non-governmental in lisdison with ISO and IEC also take nart
i 7T O O 7 7 r

work

The procedures used to develop this document and those intended for its further maintenang
descrjibed in the ISO/IEC Directives, Part 1. In particular, the different approval criterianéeded thr the
differfent types of document should be noted. This document was drafted in accordancewith the ed
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wwwiiec.ch/members experts/refdocs).

of the ISO/IEC Directives, Part 2 (see www.isolorg/directives
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notb

Any trade name used in this document is information-given for the convenience of users and doq
constjtute an endorsement.

For dn explanation of the voluntary nature’ of standards, the meaning of ISO specific term
exprgssions related to conformity assessment, as well as information about ISO's adherence to the \
Trad¢ Organization (WTO) principles in the Technical Barriers to Trade (TBT)
wwwliso.org/iso/foreword.html. In thé'1EC, see www.iec.ch/understanding-standards.

hd IEC draw attention to the possibility that the implementation of this document may involy

pceived notice of (a) patent(s) which may be required tofimplement this document. Hoy

the patent database available at www.iso.org/patents and https://patents.iec.ch. ISO and IE(
e held responsible for identifying any or all such patentrights.
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ISO/IEC 9075-2:2016/Cor.2:2022.

The main changes are as follows:

document was prepared\by Joint Technical Committee ISO/IEC JTC 1, Information techn
pmmittee SC 32, Data,management and interchange.

sixth edition cancéls and replaces the fifth edition (ISO/IEC 9075-2:2016), which has
ically revised.dt also incorporates the Technical Corrigenda ISO/IEC 9075-2:2016/Cor.1:201

n the

€ are

orial

or

e the

() patent(s). ISO and IEC take no position concerning the evidencé,validity or applicability ¢f any
claimled patent rights in respect thereof. As of the date of publicationofthis document, ISO and IEd
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Fever,
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S not
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\Vorld
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ative 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 gixth edition of ISO/IEC 9075-2 is designed to be used in conjunction with the following editigns of
other]parts of the ISO/IEC 9075 series, all published 2023:
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b0 /1EC 9075-9, fifth edition;
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—

b0/1IEC 9075-11, fifth edition;
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b0 /1EC 9075-13, fifth edition;
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50 /IEC 9075-14, sixth edition;

et

50 /IEC 9075-15, second edition;

—

50 /IEC 9075-16, firstedition.
A list|of all parts in theZlSO/IEC 9075 series can be found on the ISO and IEC websites.
Any feedback oriquestions on this document should be directed to the user’s national standards bgdy. A

Comgiete listing)of these bodies can be found at www.iso.org/members.html and www.iec.ch/natjonal-
comnpittees,
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Introduction

The organization of this document is as follows:

1)
2)

3)
4)
5)
6)
7)

8)
9)

10)

11)

12)
13)
14)
15)
16)
17)
18)
19)
20)
21)
22)
23)
24)

25)
26)

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

Clause 2, “Normative references”, identifies additional standards that, through reference in this

doTuImeTt, Constitute provisions of this docurent:

Clause 3, “Terms and definitions”, defines the terms and definitions used in this document.
Clause 4, “Concepts”, presents concepts used in the definition of SQL.

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

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

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

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

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

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

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

Clause 12, “Access control”, defines facilities for controlling access to SQL-data.
Clause 13, “SQL-client modules”, defines SQL-client modules and externally-invoked procedufes.
Clause 14, “Data manipulation”, defines the data manipulation statements.
Clause 15, “Additional data'manipulation rules”, defines additional rules for data manipulatign.
Clause 16, “Control statements”, defines the SQL-control statements.

Clause 17, “Transaction management”, defines the SQL-transaction management statements.
Clause 18, “€onnection management”, defines the SQL-connection management statements.
Clause 19)“Session management”, defines the SQL-session management statements.

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

Clause 21, “Embedded SQI”, defines the host language embeddings

Clause 22, “Direct invocation of SQL’, defines direct invocation of SQL language.
Clause 23, “Diagnostics management”, defines the diagnostics management facilities.

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.

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

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, the meaning, the returned results, the effect

28)

29)

30)

31)

32)

33)

Inth

begin new pages. Any resulting blank space is not significant.

xxii

on SQL-data and/or schemas, or other aspect is partly or wholly implementation-defined.

Annex C, “Implementation-dependent elements”, is an informative Annex. It lists those features for
which the body of this document states that the syntax, the meaning, the returned results, the effect

on SQL-data and/or schemas, or other aspect is partly or wholly implementation-dependent.

Annex D, “SQL optional feature taxonomy”, is an informative Annex. It identifies the optional features

£l o CNOT 1 ifiad tlhiad + 1 A | -y | L. YA | 1ol
Ul U1IT J\{L‘ lausuasc o}lcbulcu IIT LIS UUCUITITIIU Uy dIT TUTIILUITITT dllu d SIITUITI'U UTOoUl IPLIVC I1alIrIc.

taxonomy is used to specify conformance.

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.

Annex F, “Incompatibilities with ISO/IEC 9075:2016”, is an informative Annex.dt lists incomp
lities with the previous edition of this document.

Annex G, “Defect Reports not addressed in this edition of this document®/is an informative A}
It describes the Defect Reports that were known at the time of publi¢ation of this document.
of these problems is a problem carried forward from the previous edition of the ISO/IEC 907
series. No new problems have been created in the drafting of this edition of this document.

Annex H, “SQL mandatory feature taxonomy”, is an informative Annex. It identifies mandator
tures and subfeatures of the SQL language specified in this'document by an identifier and a s}
descriptive name. This taxonomy is used to specify conformance to Core SQL.

b text of this document, in Clause 5, “Lexical elements?, through Clause 24, “Status codes”, Subcls

This

htibi-

nex.
Fach

 fea-
hort

uses
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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 compilatipn
unit, each embedded SQL-statement has beenreplaced by one or more statements in the host lan-
guage, some of which invoke an SQL externally-invoked procedure that, when executed, has qn
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 vehigle'for portability of data definitions and compilation units between|SQL-

implementations.

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

Implementations ofthis document can exist in environments that also support application programming

langiiages, end-usér'query languages, report generator systems, data dictionary systems, program lilprary

systdms, and distributed communication systems, as well as various tools for database design, datg
administratien,/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

refer
IS

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

nguage

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

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

D/IEC 6429, Information technology — Control functions for coded chardcter sets

D 7185:1990, Information technology — Programming languages*—'Pascal

D 8601-1:2019, Date and time — Representations for information interchange — Part 1: Basic
D /IEC 8652:2012, Information technology — Programming languages — Ada

D/IEC 8652:2012/Cor.1:2016, Information technology ~ Programming languages — Ada — Tech
rrigendum 1

tin alphabet No. 1

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

D/IEC 9075-11, Information techniology — Database languages — SQL — Part 11: Information
finition Schemas (SQL/Schemata)

D/IEC 9579, Information technology — Remote database access for SQL with security enhancen
D/IEC 9899:2018, Information technology — Programming languages — C

D/IEC 10206:199%, Information technology — Programming languages — Extended Pascal
D/IEC 10646:2020, Information technology — Universal Multi-Octet Coded Character Set (UCS)
D /IEC £3756:1999, Information technology — Programming languages — M

D/EE 14651:2020, Information technology — International string ordering and comparison — M

D /IEC 8859-1, Information technology — 8-bitsingle-byte coded graphic character sets — Part|1:

D/IEC 1539-1:2018, Information technology — Programming languages — Fortran —<)Part 1: Base

‘ules

nical

and

ent

bthod

camparina—characterctrinac and-decerintion-aofthe commaon tomnlato +ailnyahls Aydoyin o
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ECMA International. ECMA-262 — ECMAScript® Language Specification 5.1 Edition [online]. [Place of
publication unknown]: Available atht t ps: // 262. ecma-i nternational . org/5. 1/ -
ECVA- 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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2 Normative references

Internet Engineering Task Force (IETF) RFC 8259 The JavaScript Object Notation (JSON) Data Interchange
Format. Edited by: Miller, Matthew December 2018
Available at: htt ps: // dat atracker.ietf.org/ doc/rfc8259/

The Unicode Consortium. Unicode Regular Expressions [online]. 21. Mountain View, California, USA:
The Unicode Consortium, 2020-06-17 . Availableatht t ps: / / ww. uni code. org/reports/tr18/-
tr18-21. htm

W3C XQuery and XPath Functions and Operators 3.1 XQuery and XPath Functions and Operators 3.1,
W€ Recormmendution Edited- by Mathotra, Ashoketat 2t March 2617

Avjailable at: ht t ps: // www. w3. or g/ TR/ xpat h-functi ons/
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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 3

3.1

3.1.1
chan
form
morg

[SOU

3.1.2
code
valug

[SOU

3.1.3
code
mini
[SOU
3.14

cont
cont

[SOU

3.1.5
nong
code

[SOU
3.1.6

ISO Online browsing platform: available at ht t ps: / / ww. i so. or g/ obp

IEC Electropedia: available atht t ps: // ww. el ect r opedi a. or g/

Definitions taken from ISO/IEC 10646:2020

acter encoding form
that determines how each UCS code point (3.1.2) for a UCS charactéris to be expressed as ong
code units used by the encoding form

RCE: ISO/IEC 10646:2020, 3.22]

point
in the UCS codespace

RCE: ISO/IEC 10646:2020, 3.9]

unit
mal bit combination that can represent a'unit of encoded text for processing or interchange

RCE: ISO/IEC 10646:2020, 3.10]

rol character
ol function the coded répresentation of which consists of a single code point (3.1.2)

RCE: ISO/IEC 10646:2020, 3.17]

haracter codepoint
point (3.1-2) that consists of FDD0O-FDEF and any code point (3.1.2) ending in the value FFFE or

RCE: ISO/IEC 10646:2020, 7.3.7]

nd IEC maintain terminological databases for use in standardization at the following address¢s:

or

FFFF

norr

I i £,
1A 11Z4dUIUII 101111

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

3.2  Definitions taken from ISO/IEC 14651:2020
3.2.1
collation

23(E)
12020

process by which, given two strings, it is determined whether the first one is less than, equal to, or greater

than

the second one

[SOURCE: ISO/IEC 14651:2020, 3.7]

3.3

3.3.1
UTC
Coor
Time
integ
[SOU

3.3.2
date
time

[SOU
3.3.3

Definitions taken from ISO 8601-1:2019

dinated Universal Time
scale with the same rate as International Atomic Time (TAI), but differing from TAI only by a
ral number of seconds

RCE: ISO 8601-1:2019, 3.1.1.12]

on the calendar time scale
RCE: 1SO 8601-1:2019, 3.1.1.1]

cale

dar day of month

ordimal number of a calendar day within a calendar menth
[SOURCE: I1SO 8601-1:2019, 3.1.2.13]

3.3.

calendar day of year
ordinal number of a calendar day within @,calendar year

[SOU
3.3.3

RCE: IS0 8601-1:2019, 3.1.2.14]

calepdar month

time
caler

[SOU
3.3.6

dar days
RCE: ISO 8601<1;2019, 3.1.2.19]

calendar yedr.

time
[SOU

scaletuhit defined by the calendar system
RCE:'1SO 8601-1:2019, 3.1.2.21]

n

scale unit resulting from a defined division of a calendar year, each containing a specific number of

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 Definitions taken from ISO 8601-1:2019

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: I1SO 8601-1:2019, 3.1.2.10]

Scale

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 Definitions taken from XQuery and XPath Functions and Operators
3.1

3.4.1

XQuery option flag

valid value of the $f | ags argument of f n: mat ches, 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 syntax used by functions as defined in terms of the regular expression syntax spe¢ified
in XNIL 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 $r epl acenent argument of f n: r epl ace

[SOURCE: XQuery and XPath Functions and Operators 3¢, 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 gite of a specified data type T2, where T1 and T2 may be the same data type

3.5.2
assignment
operption whose effect is te.ensure that the value at a site T (known as the target) is identical to a given
valug S (known as the souree)

Note|1 to entry: Assighiment is frequently indicated by the use of the phrase “T'is set to S” or “the value
of Tis setto S”.

3.5.3
attribute
component of a structured type (3.5.68)

NoteHd—+eentry—FEachvaluwe Hn tetared-SrpeT-hasexacty-oneattribute value foreachs by
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 Definitions provided in this document

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

constructorfunetion

niladic (3.5.37) SQL-invoked function (3.5.62) of which exactly one is implicitly specified for every
strudtured type (3.5.68)

Note|1 to entry: An invocation of the constructor function for data type T returns a value‘/ of the most
specific type of T such that Vis 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) correspondingito O.

3.5.7
datajmodel
<genleral> definition of the kinds of data that belong to a particular universejof discourse, including the
operptions on those kinds of data

3.5.8
dec:it)red type

<of an expression denoting a value or anything that can be referenced to denote a value, such as, fgr
exanjple, a parameter, column, or variable > unique data type.that is common to every value that nlight
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. Ajnull
valu¢ and a non-null value are distinct. Two null values are not distinct. See Subclause 4.2.5, “Propdgrties
of distinct”, and the General Rules of Subclause 8.15, “<distinct predicate>".

3.5.10

inct type
defined type (3.5.76) derived from a predefined type or a collection type

eRrtry—AR-exarnpre-ofa-ayac or-H-Hh ren > HREER 1 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
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3.5 Definitions provided in this document

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 uniguely. For examp
althqugh a fully qualified specific name, consisting of a catalog name, a schema name-and a specificn
uniqely identifies a routine, a fully qualified routine name does not necessarily,do so.

user-defined type (3.5.76)> set comprising every function such that the declared type of at I¢
fits parameters or its result is that user-defiped type (3.5.76)

.40
array
ture represented by a “[”, zero or mére elements separated by “’, and “]”

A1
Boolean
literal (3.5.24) “true” or/SON literal (3.5.24) “false”

42
element
text (3.5.30) fragment that is a JSON value (3.5.33) in a JSON array (3.5.20)

23
data model

ame,

this

ast

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

3.5.25
JSON member
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
expouncut pat t

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

3.5.29
JSON string
Unicpde character string

Note|1 to entry: Some characters must be “escaped” by preceding them with-areverse solidus (“\”), yhile
any qr all characters can be represented in “Unicode notation” comprisingithe string “\u” followed |by
four hexadecimal digits or two such strings representing the UTF-16 Surrogate pairs representing fhar-
acteyls not on the Basic Multilingual Plane (strings are surroundedby-double-quote characters, which
are rjot part of the value of the strings).

Note|2 to entry: This applies only to JSON tokens (3.5.32) inJSON 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); insignifichnt
whitgspace may be used anywhere in JSON text (3¢5.30) except within strings (where all whitespade is
significant), numbers, and literals

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

3.5.32

JSON token
one ¢f six structural characters (“{", “}", “[", “1" “:", ), JSON strings (3.5.29), JSON numbers (3.5.27), aind
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 thre
JSON| literal5(3.5.24)

3.5.34
monadic,adj:
<of operators, functions, and procedures> having exactly one operand or parameter

w

« n

Note 1 to entry: An example of a monadic arithmetic operator in this document is “~”, specifying the
negation of the operand. An example of a monadic 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

3.5.3
obse
mon
that,

Note

3.5.3
prim
row |

3.5.4
redu
all e

3.5.4
REF
valug

3.5.4
refel
data

3.5.4
refel
decla

3.5.4

8

rver function

hdic SQL-invoked function (3.5.62) associated with an attribute (3.5.3) of a structuredtype (3.5
when invoked, returns the value of the attribute (3.5.3) with which it is associated

1 to entry: The observer function is implicitly defined by the definition of the-attribute.

9
jary row pattern variable
pattern variable (3.5.58) that appears in a <row pattern>

0
ndant duplicates
cept one of any collection of duplicate values or rows

1
value
that references some site

2
'ence type
type all of whose values are potential references to sites of one specified data type

3
‘enced type
red type of the values at sites.referenced by values of a particular reference type (3.5.42)

4

resu

t data type

declgred type of the result-ef 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 clirsor
and fanged.over by that cursor

3.5.46
result sét sequence

sequence of returned result sets (3.5.45)

3.5.47

result SQL parameter

SQL parameter (3.5.66), the most 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 destroyed when
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).

of regular expressions that specifies criteria (patterns) used to identify collections of rows in‘afable

that is the input operand of a <row pattern recognition clause> or of a <windew definition> that

sequence of consecutive rows in a row pattern partition (3.5.57) that collectively meet the match criteria

process of identifying collections of rows in a table based on the patterns specified in row patterns (3.p.49)

that is the résult of a <row pattern recognition clause> applied to its row pattern input table (3.5.50)

maximal collection of rows of the row pattern input table (3.5.50) in which all rows have non-distinjct
valuesforasetofoneormorecolumns—calledtherouw patternpartitionin HAS: A A tition
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

12 © ISO/IEC 2023 - All rights reserved
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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)

3.5.2
SQL-invoked function
function that is allowed to be invoked only from within SQL

3.5.43
SQL4invoked procedure
procgdure that is allowed to be invoked only from within SQL

SQL4invoked routine
routine that is allowed to be invoked only from within SQL

3.5.45
SQL/JSON data model
datamodel created for operating on JSON data within theSQL language

3.5.46
SQL parameter
parameter declared as part of the signature of anSQL-invoked routine (3.5.64)

3.5.47
SQL routine
SQL-Invoked routine (3.5.64) whose routine body is written in SQL

3.5.48
structured type
user+defined type (3.5.76) spécified as a set of attributes (3.5.3)

3.5.49

subfjeld
<of 3 row type> field that is a field of a row type RT or a field of a row type RTZ that is the declared|type
of a field that isa,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: If T1 and T2 are not compatible, then T2 is a proper subtype of T1. “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

unic
row f
patte

3.5.7
univ,
impl
prim
3.5.7
user
data

3.5.7

variable-length, adj.

char
that
(zerd
of th

3.5.7
with

curs¢r that, when opened, creates a result set that is capable of becoming a returned result set

Note

ted for the

n row pattern variable
attern variable (3.5.58) that is defined as a union of primary row pattern variables(3.5.39) in a
rn subset clause>

5

prsal row pattern variable

bmentation-defined union row pattern variable (3.5.74) that is defined implicitly as the union
11y row pattern variables (3.5.39)

6
-defined type
type whose interface is user-defined

7

cteristic of the declared type of sites whose types are character string types or binary string t
hllows values in those sites to contain any number of characters or octets, respectively, betwesg
) and some maximum number, known as-the maximum length in characters or octets, respect
P site

8
-return cursor

1 to entry: The WITH-RETURN option of <declare cursor>, <dynamic declare cursor>, and <all

exte

ded dynamic cursorstatement> specifies a with-return cursor. WITH RETURN may also be spe

efving

esult

KIrOow

pf all

ypes
no0

ively,

hcate
ified

in th¢ content of an <attributes variable> in a <prepare statement>, to indicate that the prepared statement,

whe1 opened as a dyhamic cursor, creates a with-return cursor.

14
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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 mndiﬁpd hy Clause 4. "f'nnrppfc” in Iﬁ'OI/IF'f' 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-JSO/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 conVéntions”, 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-awd conventions”, in ISO/IEC 9075-15.
This Subclause is modified by Subclause 4.1, “Notations and conventions”, in ISO/IEC 9075-16.

41.1 Notations

This Subclause is modified by Subclause 4.1,1, “Notations”, in ISO/IEC 9075-3.
This Subclause is modified by Subclause4.1/1, “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 modifiéd 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 usédin this document are defined in ISO/IEC 9075-1.

The $yntax defined in this document is available from the ISO website as a “digital artifact”. See
ht t $s: [fstandards.iso.org/iso-iec/9075/-2/ed-6/en/ todownload digital artifacts for

this locument. To download the syntax defined in a plain-text format, select the file named
| SOLLEC 9075- 7( F) Foundation bnf txt Todownloadthe syntax defined-in-an XMI format,

select the file named | SO | EC 9075- 2( E) _Foundati on. bnf . xni .

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 51 is the
SQL-statement contained in an <externally-invoked procedure> or <SQL-invoked routine> that has been
executed.
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ba]An 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 ST was 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 dafa type is a set of representable values. Every representable value belgngs to at least one data fype
and Jome belong to several data types. The physical representation of a value of a data type is implemen-
tation-dependent (UV060).

Exacfly one of the data types of a value V, namely the most specifictype of V, is a subtype of every data
typelof V. A <value expression> E has exactly one declared typ€)common to every possible result (J

evalyating E. Items that can be referenced by name, such as SQL parameters, columns, fields, attributes,
and Yariables, also have declared types.

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

donstructed type is specified using data type constructors. The constructed types and the assocjated
dataftype constructors are:

— |[slarray type: ARRAY;

— | multiset type: MULTISET;
— |reference type: REF;

— |row type: ROW.

[slArfay types and thultiset types are known generically as collection types. SQL defines a category of data
type$ known asccollection types. The collection types are:

— | array {ype;

— | multiset type.

Every predefined data typeis a subtype ofitself 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.

bo]14]SQL defines predefined data types named by the following <key word>s:
CHARACTER
CHARACTER VARYING
(JHARACTER LARGE OBJECT
BINARY
BINARY VARYING
BINARY LARGE OBJECT
\
I
S

[UMERIC
ECIMAL
MALLINT

]

NTEGER
BIGINT
HLOAT
REAL
OUBLE PRECISION
ECFLOAT
BOOLEAN

DATE

TIME

TIMESTAMP
INTERVAL

JEON

These names.are used in the type designators that constitute the type precedence lists specified in
Subdlause9.7, “Type precedence list determination”. In addition, TABLE is the type designator for the
genefictable parameter type, and DESCRIPTOR is the type designator for the descriptor parameter ftype.

NOTE-+—The generictable paranmeter type amnd the descriptor parameter type only OCCur as paranmeter types, armd 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.

bol14]For reference purposes:

—  Thedatatypes CHARACTER, CHARACTER VARYING, and CHARACTER LARGE OBJECT are 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.

Each
detel
of th

Subc
4.2.]
This

iz]Ea
thou
in ho

Not ¢

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

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

Exact numeric types, approximate numeric types, and the decimal floating-point type’are collec
referred to as numeric types. Values of numeric types are referred to as numbers.

The data types TIME WITHOUT TIME ZONE and TIME WITH TIME ZONE are collectively refe
to as time types (or, for emphasis, as time with or without time zone),

tively referred to as timestamp types (or, for emphasis, as timestamp with or without time zo
The data types DATE, TIME, and TIMESTAMP are collectively referred to as datetime types.
Values of datetime types are referred to as datetimes.

The data type INTERVAL is referred to as an intervaltype. Values of interval types are called inte

data type has an associated data type descriptor;the contents of a data type descriptor are

e data type and all information needed to characterize a value of that data type.

Jause 6.1, “<data type>", describes the.semantic properties of each data type.

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

th host language has its 'ewn data types, which are separate and distinct from SQL data types,
bh similar names may.be used to describe the data types. Mappings of SQL data types to data t
st languages are deseribed in:

Subclause 1160, “<SQL-invoked routine>"
Subclause|21.1, “<embedded SQL host program>"

very'SQL data type has a corresponding data type in every host language.

The data types TIMESTAMP WITHOUT TIME ZONE and TIMESTAMP’WITH TIME ZONE are c]illec-

hate

ively

rred

e).

rvals.

'mined by the specific data type that it describes. A data type descriptor includes an identificafion

cven
ypes

4.2.1

Data tvpe terminologv
v I OJ

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:

18

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:

TYis 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:

A colllection type CT is directly based on a data type DT if DT is the elerhent type of CT.

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 row type RT is directly based on a data type DT if DT is the declared type of some field (or the dataltype

of the domain of some field) whose descriptor is included in the descriptor of RT.

A dafa type DT1 is based on a data type DTZ if DT1 is compatible with DT2, DT1 is directly based on|DT2,

or DT1 is directly based on some data type that is basedon DT2.

Two |data types, T1 and T2, are said to be compatible\if T1 is assignable to T2, T2 is assignable to T1}, and
theirfdescriptors include the same data type namezIf they are row types, it shall further be the casg that
the declared types of their corresponding fields-are pairwise compatible. If they are collection typqs, it

shallffurther be the case that their element types are compatible. If they are reference types, it shall fufther

be the case that their referenced types are'compatible.

NOTE 2 — The data types “CHARACTER(«2) CHARACTER SET CS1” and “CHARACTER(m) CHARACTER SET (CS2”, whefe CS1
4 (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 ¥altes of the predefined data types requires knowledge only about thpse
predefined data types. However, to be able to compare and order values of constructed types or of fiser-
defirled types, additiondlinformation is required. We say that some type T is S-ordered, for some s¢t of
types S, if, in order to‘eompare and order values of type 7T, information about ordering at least one ¢f the
types in S is first required. A definition of S-ordered is required for several S (that is, for several setfs of

types), but not fortall possible such sets.
The

renerakdefinition of S-ordered is as follows.

Let 7be 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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—  Tisareference type with a derived representation and the declared type of some derivational
attribute of the derived representation is S-ordered.

pol14[15]The notion of S-ordered is applied in the following definitions:
— Atype Tis JSON-ordered if T is S-ordered, where S is the set of JSON types.
— Atype Tis LOB-ordered if T is S-ordered, where S is the set of large object types.

— Atype Tis 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.

— | Atype Tis multiset-ordered if T is S-ordered, where S is the union of the set of multiset fypés pnd
the set of distinct types whose source type is a multiset type.

— |Atype Tis row-ordered if T is S-ordered, where S is the set of row types.
— | Atype T is reference-ordered if T is S-ordered, where S is the set of reference types.

— |Atype Tis DT-EC-ordered if T is S-ordered, where S is the set of distincttypes with EQUALS ONLY
comparison form (DT-EC stands for “distinct type-equality comparison®).

— |Atype Tis DT-FC-ordered if T'is S-ordered, where S is the set of distinct types with FULL compafison
form.

— |Atype Tis DT-NC-ordered if T is S-ordered, where S is the-Sef of distinct types with no compatison
form.

— |Atype Tis ST-EC-ordered if T is S-ordered, where S is the set of structured types with EQUALS QNLY
comparison form.

— |Atype T'is ST-FC-ordered if T is S-ordered, where S is the set of structured types with FULL compar-
ison form.

— |Atype Tis ST-NC-ordered if Tis S-ordered, where S is the set of structured types with no compatison
form.

— |Atype Tis ST-ordered if T is ST-EC-ordered, ST-FC-ordered, or ST-NC-ordered.

— |Atype Tis UDT-EC-ordered\if T is either DT-EC-ordered or ST-EC-ordered (UDT stands for “uger-
defined type”).

— |Atype Tis UDT-FG-ordered if T is either DT-FC-ordered or ST-FC-ordered
— |Atype 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 nUHl 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 chqracter string type is described by a character string type descriptor. A character string type descifiptor
contgins:

— | The name of the specific character string type (CHARACTER, CHARACTER VARYING, on€HARACTER
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 gtring

type;
— | The catalog name, schema name, and collation name of the-edllation of the character string type.

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

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

The tkey word>s NATIONAL CHARACTER are used to specify the character type with an implementdtion-
defirled (IV099) character set. Special syntax(IN st ri ng' ) is provided for representing literals in that
character set.

With| two exceptions, a character stringeéxpression is assignable only to sites of a character string type

whoge character set is the same. The exceptions are as specified in Subclause 4.3.8, “Universal charpcter
sets”} and such other cases as maybe implementation-defined (IA014). If a store assignment would rlesult
in the loss of non-<truncating whitespace> characters due to truncation, then an exception conditipn is
raised. If a retrieval assignment or evaluation of a <cast specification> would result in the loss of chardcters
due o truncation, then a&warning condition is raised.

Charpcter sets fall intothree categories: those defined by national or international standards, thos
definled by SQL-impleémentations, and those defined by applications. The character sets defined by ISQ/IEC
10646:2020 are'\known as Universal Character Sets (UCS) and their treatment is described in
Subclause 4.3:8; “Universal character sets”. Every character set contains the <space> character (equivplent
to U40020)-An application defines a character set by assigning a new name to a character set fron] one
of the flrst two categorles They can be deflned to re51de 1n any schema chosen by the apphcatlon.
Charaetersetsd ; mplementationsresideinrthe nformationSchemn atrramed
INFORMATION SCHEMA) in each catalog, as do collatlons deflned by standards and collatlons translit-
erations, and transcodings defined by SQL-implementations.

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

A1

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 collations was designated as the collation to use. For example, if T.C1 is a column whose collation

is COLLATION1 and T.C2 is a column whose collation is some other collation COLLATIONZ2, then

T.ClL>T.Q2
is a syntax error, whereas as

T.CL > T.C2 COLLATE COLLATI ON2
is not a syntax error.

A coljation is defined by ISO/IEC 14651:2020 as “a process by which two strings are determined-g
in expctly one of the relationships of less than, greater than, or equal to one another”. Each collatios
known in an SQL-environment is applicable to one or more character sets, and for each character 3
one ¢r more collations are applicable to it, one of which is associated with it as its character set coll¢

Anything that has a declared type can, if that type is a character string type, be associated with a coll
applicable to its character set; this is known as a declared type collation. Every declared type that ig
character string type has a collation derivation, this being either none, implicit, or jexplicit. The collz
derivation of a declared type with a declared type collation that is explicitly ordmplicitly specified

<datp type> is implicit. If the collation derivation of a declared type that hds a declared type collati
not implicit, then it is explicit. The collation derivation of an expression-ofi¢haracter string type tha
no declared type collation is none.

An operation that explicitly or implicitly involves character string'Comparison is a character compdq
oper@ition. At least one of the operands of a character compariSen‘operation shall have a declared t
collation.

Therge may be an SQL-session collation for some or all of the character sets known to the SQL-imple
tatiop (see Subclause 4.45, “SQL-sessions”).

The ¢ollation used for a particular character comparison is specified by Subclause 9.15, “Collation
deteymination”.

The ¢omparison of two character string expressions depends on the collation used for the compari

(see Pubclause 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
of the longer value, then the shorter value is considered less than the longer value. If the collation fa
comparison has the PAD SPACE characteristic, for the purposes of the comparison, the shorter valu
effectively extended to the length of the longer by concatenation of <space>s on the right.

For gvery character set, there is at least one collation.
4.3. Operations involving character strings

4.3.3.1 Regular expression syntaxes

This documient utilizes two syntaxes for regular expressions, a POSIX-based regular expression sy1
and the XQuery regular expression syntax.
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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 and UESCAPE. 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.

The 1

2]

O = Ul D O C V

quote that are used to prtitio the patter;l string ito three subatterns (idntified as 1 5 R2
R3).

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

'S SIMLARTO'RL' || 'R || 'R3

then the result is the null value.

Step 3: Otherwise, S is partitioned into two substrings S1 and $23 such-.that 51 is the shortest i
substring of S such that the following is true:

'S1'" SIMLAR TO 'R1" AND
'S23" SIMLARTO ' (" || "R || "R3" || ")’

Step 4: Next, S23 is partitioned into two substrings SZ and $3 such that S3 is the shortest final
string such that the following is true:

'S2'" SIMLAR TO'R2' AND 'S3' SIMLAR TO ' R3¢

esult of the <regular expression substring funetion> is S2.

Step 1: The escape character is exactly one character in length. As indicated in Figure 1, “Operation
of <regtlarexpresstonsubstringfanetior c-eseapecharacterprecedestwotnstancesof<dguble

,and

hitial

sub-

© ISO/IEC 2023 - All rights reserved

23


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

ISO/IEC 9075-2:2023(E)
4.3 Character strings

Escape character: \ T\

Pattern: | p _ ~z7z M N~ AN v — N
N R~/ N\ R2_A v R\
& [ 0 —
)Y 11 v 4 —
N RN/ | NAR2_A| TR N
Step 2
Does Not
NS - N »
Source: — — S — — - Satisfy Return Null
Satisfies <
N RN v \NR2_A|y “Rb(\\
Shortest Step 3
Match
—S1_ sz
NJ
ARz A v "RipN
Step 4

N

/

Shortest
Match

b —

/SZ‘\AL__SB’—\

l

The Result L;@‘sz_, "‘

Figure 1 — Operation of <regular expression substring function>

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

bular

<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, that modifies a string argument by replacing a given
substring of the string, which is specified by a given numeric starting position and a given numeric 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.

24
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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 “L1” (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, “3”, Latin Small Letter Sharp S, becomes “SS” when folded to upper-
case.

<traifscoding> is a function that invokes an installation-supplied transcoding to return a character string
S2 de¢rived 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 use might be to convert a character string from two-octet UCS to one-octet Latin1
or vige 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 bdth

leading and trailing pad characters shall be removed. The third argument specifies the pad charactey that
is to pe removed.

<multi-character trim function> is a function that returns its first string'argument with leading padl
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 frim
function>, this function accepts a sequence of characters as the)second argument and will remove gll
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 charalcters
specified by the second argument with the sequence ef.characters specified by the third argument

<chalracter transliteration> is a function for changing each character of a given string according to $ome
many-to-one or one-to-one mapping between two not necessarily distinct character sets. The mapping,
rathgr than being specified as part of the functien, is some external function identified by a <transliterption
name>.

For any pair of character sets, there are Zero or more transliterations that may be invoked by a <charpcter
trangliteration>. A transliteration is described by a transliteration descriptor. A transliteration descrjiptor
incluldes:

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

<position expression> determines the first position, if any, at which one string, S1, occurs within another,
S§2.1f §1 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 strings and returning a Boolean. SIMILAR determines whether or not 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

argu
char

<reg
regu
subs

<reg
expr

position, of one occurrence of the matched substring.

<reg

4.3.3.4 Operations involving large object character strings

Larg
strin

26

ment specifies the "escape character’, for use when one of the special characters or the “escap
cter” itself is required in the pattern without its special meaning.

bx occurrences function> is a function, OCCURRENCES_REGEX, that searches a string forian X(
ring.

bX position expression> is a function, POSITION_REGEX, that searches a string for an XQuery re
bssion pattern and returns an integer indicating the beginning position, af»1-(one) plus the en

bx like predicate> is a predicate, LIKE_REGEX, that performs XQuery-wregular expression match

e object character strings cannot be operated on by all strfing operations. Large object characte
Es can, however, be operated on by the following operations:

<null predicate>;

<like predicate>;

<similar predicate>;

<position expression>;

<regex like predicate>;

<regex position expressions;

<regex occurrences function>;

<regex substring funetion>;

<regex transliteration>;

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

result of these restrictions, large object character strings cannot be used in (among other plac

a)
-

uery

ar expression pattern and returns an integer indicating the count of occurrences of thé matchled

bular
ing

ing.
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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. Character repertoires

An SQL-implementation supports one or more character repertoires. These character repertoires ay

be d¢fined by a standard or be implementation-defined (I1A015).

A chgracter repertoire is described by a character repertoire descriptor. A character repertoire descrjiptor

incl

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

des:
The name of the character repertoire;

The name of the default collation for the character repertoire.

SQL_CHARACTER is a character repertoire that consists of the<SQL language character>s as spe¢ified
in Subclause 5.1, “<SQL terminal character>". The name ofthe default collation is SQL_CHARA(TER;

GRAPHIC_IRV is the character repertoire that consists of the 95-character graphic subset of the
International Reference Version (IRV) as specifiedin ISO/IEC 646. Its repertoire is a proper
superset of that of SQL_CHARACTER. The name:0f the default collation is GRAPHIC_IRV;

LATIN1 is the character repertoire defined i@,ISO/IEC 8859-1. The name of the default collatjon is
LATIN1;

ISO8BIT is the character repertoires-formed by combining the character repertoire specified py

ISO/IEC 8859-1 and the “control ¢hatacters” specified by ISO/IEC 6429. The repertoire consigts 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 th¢
default collation is ISO8BIT;

UCSis the Universal Chardcter Set repertoire specified by ISO/IEC 10646:2020. Itis implementdtion-
defined (ID007) whether the name of the default collation is UCS_BASIC or UNICODE;

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

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

Each character repertoire includes one or more characters defined to be whitespace; see Clause 3, “Terms
and definitions”.

NOTE 6 — The normative provisions of this document impose no requirement that any character repertoire have equivalents
for any of these characters except U+0020 (<space>); however, by reference to this definition of whitespace, 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:

— Thename ofthe character encoding Fnrm;
o

— | 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 forf.-It is applicable
to the SQL_CHARACTER character repertoire;

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

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

— | ISO8BIT is the character encoding form specified in ISO/IEE€8859-1, augmented by ISO/IEC $429.
When restricted to the LATIN1 characters, it is the same<haracter encoding form as LATIN1.[It is
applicable to the ISO8BIT character repertoire;

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

— |UTF8 is the character encoding formspecified in ISO/IEC 10646:2020, in which each charactgr is
encoded as from one to four octetsilIt 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 applicgble
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 charficter
repertoire. The precedence of character encoding forms applicable to the UCS character repertoire{and
defirjed in this\document is:

UTE8 < UTF16 < UTF32

4.3. 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;

—  Alist 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 in which 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;

LATINT 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. Jince
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 treatedias an unsigned integer.
UNICODE is the collation that conforms to ISO/IEC 14651:2020 without delta. It is applicabld to

the UCS character repertoire. Since every character repertoire is a subset of the UCS repertoireg, the
UNICODE collation is potentially applicable to every character set;

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

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

The ¢ollations, including standard defined collations, supported by the SQL-implementation are injple-

menf
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ation-defined (IA003).

y Character sets

DL <character set specification> allows a reference to a character set name defined by a standfrd,
DL-implementation, or-a user.

iracter set is described by a character set descriptor. A character set descriptor includes:
The name ofthe character set;
The namae\6f the character repertoire for the character set;

The rame 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_IRYV;
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—  LATIN1is acharacter set whose repertoire is LATIN1 and whose 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 ofits default collation is UCS _BASIC or UNI-
CODE;

— |UTF16 is a character set whose repertoire is UCS and whose character encoding formis\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 encodingform is UTF8.[It is
implementation-defined (ID013) whether the name of its default collation istCS_BASIC or UNICIODE;

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

—

The result of evaluating a character string expression wha@se 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

Character Set | Character Character Collation Synonym
Repertoire Encoding Form
GRAPHIC_IRV GRAPHIC_IRV GRAPHIC_IRV GRAPHIC_IRV ASCII_GRAPHIC
ISP8BIT ISO8BIT ISO8BIT ISO8BIT ASCII_FULL
LATIN1 LATIN1 LATIN1 LATIN1
SQL_CHARAC- | SQL/CHARAC- | SQL_CHARAC- | SQL_CHARAC-
THER TER TER TER
SQL_TEXT SQL_TEXT SQL_TEXT SQL_TEXT
SQL_IDENTI; SQL_IDENTI- SQL_IDENTI- SQL_IDENTI-
FIER FIER FIER FIER
UTF16 UCS UTF16 UCS_BASIC or
UNICODE
UTF32 UcCs UTF32 UCS_BASIC or
UNICODE
UTF8 UcCs UTF8 UCS_BASIC or
UNICODE
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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), Normalization Form D (NFD), Normalization Form KC (NFKC), or Normalization Form KD (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
enfO d Pdl uldl [101'TI4d OI'rm-~>. VVILUI thne exceputioll O [101'T11d c Iul Of dI10 [10I'TId pFE'
dicate>, the result of any operation on an unnormalized UCS string is implementation-defined (1V100).

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

Detertion of a noncharacter code point in a UCS-string causes an exception condition to’be raised. The
dete¢tion of an unassigned code point does not.

4.4| Binary strings

4.4.1 Introduction to binary strings

A birfary string is a sequence of octets that does not have either a character set or collation associated
withlit.

Abinary string type is described by a binary string type descriptof. A binary string type descriptor 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 birjary string is assignable only to sites of binary’string type. If a store assignment would result in the
loss ¢f 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 truneation, then a warning condition is raised.

4.4.2 Binary string comparisen

All blnary string values are compatable. When binary large object string values are compared, they|shall
have|exactly the same length (ifi'pctets) to be considered equal. Binary large object string values cdn be
compared only for equality.

For Hinary string values other than binary large object string values, it is implementation-defined (1A022)
whether trailing X'00!s-are considered significant when comparing two binary string values that age
otherwise equivalent)

4.4. Opexations involving binary strings

4.4.3.1 Operators that operate on binary strings and return binary strings

<bin oncatenati : . ! i i . ! 'ands
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.

Bina
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"y large object strings cannot be used in:

Predicates other than <comparison predicate> with an <equals operator> or a <not equals'opera
<quantified comparison predicate> with an <equals operator> or a <not equals operdator>, ar
<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>.

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

| Introduction to numberts

mber is either an exact numeric value, an approximate numeric value, or a decimal floating-pa
. Any two numbers are gomparable.

meric 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, F1j
REAL, DOUBLE PRECISION, or DECFLOAT);

The imptemented precision of the numeric type;

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

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

tor>,
d

int

OAT,

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.

32
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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 gvery numeric type, the least value is less than zero and the greatest value is greater than‘zero

4.5, 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. Evdry

valug¢ of an exact numeric type of scale S is of the form n x 10_5, where n is/an integer such that —Ril<n
<R.
OTE 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.

D

Approximate numeric and decimal floating-point values consist of a mantissa and an exponent. Th
mantissa is a signed numeric value, and the exponentis-a’signed integer that specifies the magnituﬁe of
the mantissa. Approximate numeric and decimal floating-point values have a precision. The precisipn of
apprpximate numeric values is a positive integer that specifies the number of significant binary digjits in
the nmhantissa. The precision of decimal floating-point values is a positive integer that specifies the nupnber
of significant decimal digits in the mantissaTHe value of an approximate numeric or decimal floatIng-

point type is the mantissa multiplied by a-factor determined by the exponent.

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

An <ppproximate numericliteral> ANL consists of a <mantissa> that is an <exact numeric literal>, the
letter 'E' or 'e’, and an <exponent> that is a <signed decimal integer>. It is implementation-defined (1119)
whether the declaredtype of ANL is an approximate numeric type or the decimal floating-point type. If

M is the value of the\smantissa> and E is the value of the <exponent>, then M * 10 is the apparent yalue
of ANL. If the declared type of ANL is an approximate numeric type, then the actual value of ANL is
apprpximately the apparent value of ANL, according to implementation-defined (IA065) rules. If the
decldred type of ANL is the decimal floating-point type, the actual value of ANL is either exactly or
apprpximately the apparent value of ANL, according to implementation-defined (IA065) rules.

A number 15 assignable onty 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 condition being 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 (1A195).
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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 VV and there is no value in T between Vand N.

An approximation obtained by rounding of a numeric value N for an exact numeric type T is a value Vin
T such that the absolute value of the difference between N and the numeric value of Vis 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
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D6) which other numeric values have such approximations.

bproximation obtained by truncation or rounding of a numeric value N for an approximate nurperic
T or the decimal floating-point type T'is a value Vin T such that there is no numeric valuein T digtinct
that of I/ that lies between the numeric value of VVand N, inclusive. If there is more’than one syich

V then it is implementation-defined (IA192) which one is taken. It is implemehtation-definec
D3) which numeric values have approximations obtained by rounding or truncation for a given
pximate numeric type or a given decimal floating-point type.

hever a numeric value is assigned to an approximate numeric value site)or a decimal floating-point
site, an approximation of its value is represented in the declared typé of the target. The valuqg is
erted to have the precision of the target.

ations on numbers are performed according to the normal rules of arithmetic, within implementdtion-
ed (IA194) limits, except as provided for in Subclause 6.3Q, “<numeric value expression>".

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

well as the usual arithmetic operators, plus, miihus, times, divide, unary plus, and unary minus, there
ne following functions that return numbers:

<position expression> (see Subclause4.3.3, “Operations involving character strings”, and
Subclause 4.4.3, “Operations involving binary strings”) takes two strings as arguments and refurns
an integer;

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

<extract expression> (see Subclause 4.7.4, “Operations involving datetimes and intervals”) opefrates
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 Tn an
afray argument and returns an integer;

34

<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
the modulus (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 1ts first argument to the power of 1ts 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 argumerit to an equi-width parti-
tioning of the range of numbers between the second and third arguments. Values outside the fange
between the second and third arguments are assigned to either 0.(zero) or the value of the fipal

argument plus 1 (one);

NOTE 11 — The semantics of <width bucket function> are illustrated.in Figure 2, “Illustration of WIDTH_BU(QKET

Semantics”.
width bucket (WBO,WBB1,WBB2,WBC)
N :“.\\\\R\\\
\\\\\\‘3
n | | | |
0 1 2 3 4 5 WBC WBC|+ 1
1 1 1 1 1 1 1 1
I I I I I I I I
WBB1 WBB2

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
value Unknown that is the result of an SQL <predicate>, <search condition>, or <boolean value expression>;
they may be used interchangeably to mean exactly the same thing.

The Boolean data type is described by the Boolean data type descriptor. The Boolean data 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 value Trueis greater than the value False, and any comparison involving the null value or an Unknown
truth value will return an Unknown result. The values True and False may 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

The monadic Boolean operator NOT and the dyadic Boolean operators AND and OR take Boolean opeffands
and produce a Boolean result (see Table 15, “Truth table for the AND Boolean operator?,.arid 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 agan
operptor that returns a Boolean result.

4.7 Datetimes and intervals

4.7.1 Introduction to datetimes and intervals

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

A dafetime data type descriptor contains:

— | The name of the specific datetime data type (DATE, TIME WITHOUT TIME ZONE, TIMESTAMP
WITHOUT TIME ZONE, TIME WITH TIME ZONE, or TIMESTAMP WITH TIME ZONE);

— | The value of the <time fractional seeconds precision>, if it isa TIME WITHOUT TIME ZONE,
TIMESTAMP WITHOUT TIME ZONE, TIME WITH TIME ZONE, or TIMESTAMP WITH TIME ZONE

type.

An injterval 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 intervd]l;
— | The <interval qualifier> that describes the precision of the interval data type.

Valugs 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 som
datetime or interval data type DT. The length in positions of DT is constant for all D. The length in DosiEions
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 Tis a value Vin T such that the absolute value of the difference between D and the numeric value
of VVis 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 (1A197)
which one is taken.

NOTE 12 — No hostlanguage for which a binding is specified in this document has a data type corresponding to the datetime
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 transform values of those data 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> isin the subset then

both|of them shall be included.
Table 2 — Fields in datetime values
Keyword Meaning
YHAR Calendar year
MPNTH Calendar month
DAY Calendar day
HQUR Clock hour
MINUTE Clock minute
SHCOND Clock second, possibly possibly including a decimal fraction
TIlMEZONE_HOUR Hour value of time zone'displacement
TIIMEZONE_MINUTE Minute value of time Zone displacement

Therg is an ordering of the significange of <primary datetime field>s. This is, from most significant{to
least|significant: YEAR, MONTH, DAY, HOUR, MINUTE, and SECOND.

The gprimary datetime field>s/other than SECOND contain non-negative integer values, constraingd by
the rjles for dates using the Gregorian calendar, as defined in ISO 8601-1:2019. SECOND, however]can
be de¢fined to have a <time fractional seconds precision> that indicates the number of decimal digit
mairftained following the"decimal point in the seconds value, a non-negative exact numeric value.

wn

Therg 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
SECUND.

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

A datetime data type that specifies WITH 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. The minimum permitted negative time zone displacement is implementation-defined (IL061),
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but shall not be greater than the <interval literal> INTERVAL '-12:00' HOUR TO MINUTE. The maximum
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 TIME WITHOUT TIME ZONE or TIMESTAMP WITHOUT TIME ZONE,

may

represent a local time, whereas a datetime value of data type TIME WITH TIME ZONE or TIMESTAMP

WITH TIME ZONE represents UTC.

On ofcasion, UTC is adjusted by the omission of a second or the insertion of a “leap second” in erdgr to
mairftain synchronization with sidereal time. This implies that sometimes, but very rarely, a particpilar
minyte will contain exactly 59, 61, or 62 seconds. Whether an SQL-implementation supports,leap secpnds,
and the consequences of such support for date and interval arithmetic, is implementation-defined (IA[L98).
For the convenience of users, whenever a datetime value with time zone is to be implicitly derived from
one yithout (for example, in a simple assignment operation), SQL assumes the yalu€ without time fzone
to belocal, subtracts the current default time zone displacement of the SQL-session from it to give UTC,
and 3ssociates 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 timg, and
the result, without any time zone displacement, is local.
The preceding principles, as implemented by <cast specification, resultin data type conversions betjveen
the various datetime data types, as summarized in Table 3, “Datetime data type conversions”.
Table 3 — Datetime data type conversions
to DATE to TIME to TIMEWITH | to to
WITHOUT TIME ZONE TIMESTAMP | TIMESTAMP
ZONE WITHOUT WITH TIME
TIME ZONE ZONE
from DATE | trivial not supported | not supported | Copy year, SV=TSw/olZ
month, and > TSw/TZ
day; set hour,
minute, and
second to 0
(zero)
from TIME _[(net supported | trivial TV.UTC = SV - | Copy date SV=TSw/olZ
V\TTHOUT STZD (modulo | fields from = TSw/TZ
TIME ZONE 24); TV.TZ = CUR-
STZD RENT_DATE
and time fields
£ C17
from TIME | notsupported | SV.UTC+SV.TZ | trivial SV=>TSw/TZ | Copy date
WITH TIME (modulo 24) = TSwo/TZ fields from
ZONE CUR-
RENT_DATE
and time and
time zone
fields from SV
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to DATE to TIME to TIMEWITH | to to
WITHOUT TIME ZONE TIMESTAMP TIMESTAMP
ZONE WITHOUT WITH TIME
TIME ZONE ZONE
from Copy date Copy time SV=TSw/TZ | trivial TV.UTC =SV -
TIMESTAMP | fields from SV | fields from SV | = TIMEw/TZ STZD; TV.TZ =
WITHOUT STZD
TIMEZONE
from SV=>TSw/oTZ | SV=TSw/oTZ | Copy time and | SV.UTC+ SV.TZ | trivial
ﬂMESTAMP = DATE = TIMEw/oTZ | time zone
TH TIME fields from SV
ZONE
SV] the source value
TV} the target value
UT|C: 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)
STYD: the SQL-session default time zone displacement
=:[cast from the type preceding the arrow to the type following the arrew, “TIMEw/TZ” is “TIME WITH TIME ZONE”,
“TIMEw/0TZ” is “TIME WITHOUT TIME ZONE”, “TSw/TZ” is “TIMESTAMP WITH TIME ZONE”, and “TSw/oTZ" is
“TIMESTAMP WITHOUT TIME ZONE”
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pcified or implicit).

h a timestamp value is called for as'part of a descriptor or context definition in this Clause (for
ecision is supplied, an implementation-defined (IV246) timestamp type is implicit.

3 Intervals

" than YEAR or MONTH.

Tabl§

A year-month interval is made up of a contiguous subset of those fields.

Table 4 — Fields in year-month INTERVAL values

etime is assignable to a site only if the sourc€’and target of the assignment are both of type DATE,
th of type TIME (regardless whether WITHSTIME ZONE or WITHOUT TIME ZONE is specified for
cit), or both of type TIMESTAMP (regardless whether WITH TIME ZONE or WITHOUT TIME ZONE

ple, “the creation timestamp*in-a descriptor), and no additional information as to the specifidtype

OTE 13 — The termr“interval” used in this document corresponds to the term “duration” defined in ISO 8601-1:2(19.

e are two clasSesof intervals. One class, called year-month intervals, has an express or implied datg¢time
sion that.inehudes no fields other than YEAR and MONTH, though not both are required. The dther
called day-time intervals, has an express or implied interval precision that can include any figlds

47 YFields in year-month INTERVAL values”, specifies the fields that make up a year-month int¢rval.

Keyword Meaning
YEAR Years
MONTH Months
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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

Keyword Meaning

DAY Days

HOUR Hours

MINUTE Minutes

SHCOND Seconds and possibly fractions of a second

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

Withiin a value of type interval, the first field is constrained only by the <intetrval leading field precigion>
of the associated <interval qualifier>. Table 6, “Valid values for fields iih INTERVAL values”, specifiep the
consfraints on subsequent field values.

Table 6 — Valid values for fields in INTERVAL values

Keyword Valid values of INTERVAL fields

YHAR Unconstrained except by <interval\leading field precision>
MPNTH Months (within years) (0-11)

DAY Unconstrained except:by <interval leading field precision>
HQUR Hours (within days) (0-23)

MINUTE Minutes (within hours) (0-59)

SHCOND Seconds{within minutes) (0-59.999...)

Valugs in intervakfields other than SECOND are integers and have precision 2 when not the first fidld.
SECOND, however; can be defined to have an <interval fractional seconds precision> that indicates|the
numper of décimal digits maintained following the decimal point in the seconds value. When not thg first
field| SECOND has a precision of 2 places before the decimal point.

Fields comprising an item of type interval are also constrained by the definition of the Gregorian calepdar.

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 same precision by appending new <primary datetime field>s to either the most 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 new most 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
datetime field>s are assigned a value of 0 (zero). When it is necessary to add new most 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

Operand 1 | Operator Operand 2 Result Type
Datetime - Datetime Interval
Datetime +or - Interval Datetime
Interval + Datetime Datetime
Interval +or- Interval Interval
Inferval *or/ Numeric Interval
Numeric * Interval Interval

AritHmetic operations involving values of type datetime or interval obey the rules associated with ¢lates
and fimes and yield valid datetime or interval results according to the Gregorian calendar.

Operjations 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.

Operjations 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
periqds overlap in time,"A)chronological period is specified either as a pair of datetimes (starting ahd
ending) or as a startiftg)datetime and an interval. If the length of the period is greater than 0 (zero),[then
the geriod consists of all points of time greater than or equal to the lower endpoint, and less than the
uppdr endpointiifthe length of the period is equal to 0 (zero), then the period consists of a single point
in tirpe, the lower endpoint. Two periods overlap if they have at least one point in common.

<extractexpression> operates on a datetime or interval and returns an exact numeric value represehting
the vialue 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 JSON data type is described by the JSON data type descriptor. The JSON data 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,

«

<co

42

mparison 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 ishot a
number is implementation-defined (1A224);

Whether an SQL/JSON scalar that is a character string comparesless than an SQL/JSON scalay that
not a character string is implementation-defined (I1A224);

Whether an SQL/JSON scalar that is a Boolean compares less than an SQL/JSON scalar that is|not
a Boolean is implementation-defined (1A224);

Whether an SQL/JSON scalar that is a datetime compares less than an SQL/JSON scalar that i§ not
a datetime is implementation-defined (1A224);

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

Two SQL/JSON scalars that are character strings compare according to the rules for SQL charpcter
strings using the Unicode codepoijnf 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 extension(s:

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

. Datetime values of type DATE are implicitly converted to TIMESTAMP for comparison opnly;
An SQL/]JSON array A compares less than another SQL/JSON array B, if one of the following isftrue:

< The cardinality of A is less than the cardinality of B and the elements at the same array i|ndex

In both SYL/JSUN arrays compare equal 1or all elements oI Aj

. 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.

<JSON serialize> is an operator that, given a SQL/JSON value 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.

<JSON object constructor> is an operator that, given zero or more name-value pairs, returns an SQL/JSON
item thatisan-SQI ,/,IQnN nh}'nr‘f

<]SOl\' array constructor> is an operator that, given a list of values, returns an SQL/JSON item-that |s an
SQL/JSON array.

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

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

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

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

<JSON value function> is an operator that, given an SQL/]SON-.item and an SQL/JSON path expressl(l)n,
retufns an SQL value of character string data type, numerie'data type, Boolean data type, or datetime
dataftype.

<JSON simplified accessor> provides a subset of thefunctionality of <JSON query> and <JSON valu
function> using a more convenient syntax.

A1

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

®

<JSON predicate> is a predicate that determines whether a given character string or JSON value sat|sfies
the rjles 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 determings if
the result is an SQL null valug; an empty SQL/JSON sequence, or a non-empty SQL/JSON sequence.

<JSON object constructor>;<]SON array constructor>, <JSON object aggregate constructor>, <JSON array
aggregate constructor>yand <JSON query> have the option of returning a character string value orfa
binary string valuedngstead of a JSON value, in which case the result is implicitly serialized.

4.9| Usersdefined types

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

49.1 Introduction to user-defined types

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

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 type may include a <method specification list> consisting of one or more
<method specification>s, each identifying an SQL-invoked method, or simply a method, of that user-defined

type.
4.9.2 Distinct types

Th' Lhal H Ao d 1 Co Lol 44 1 "“Dicts s 2 s ICA/LIRC 070 40
IS puuvtivuusc 1o lllUUlleM UJ’ Juvtiuusc T1.71.1L, LJISUITICU LJ/[JCD FRLLLS lJU/ I1LG JU/7J7 1L J,

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

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

The glefinition of a distinct type DT implicitly creates an SQL-invoked function F1 that’converts a vdlue
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 TR with F1 as the from-sql function and F2 as the to-sqldfunction.

istinct type DT whose 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 i that value. A distinct type whosg
sourge type is an array type AT is said to have a maximum cardinality, which is the maximum cardigality

Structured types

49.3.1 Introduction to structured types

The dlefinition of a structured type specifies its name and a list of <attribute definition>s. Each <attrf{bute
defirfition> specifies the name of attribute, the’data type of the attribute, and optionally a default vhlue
for the attribute.

The dlefinition of a structured type mayspecify 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 everyvaliie in ST is necessarily of some proper subtype of ST.

The definition of a structured type shall specify either FINAL or NOT FINAL. If the definition of a strucfured
typelspecifies FINAL, thenit'shall not specify either a <subtype clause> or NOT INSTANTIABLE.

4.9.3.2 Observer functions and mutator functions

Corrgsponding te-every attribute of every structured type is exactly one implicitly-defined observe
function andexactly one implicitly-defined mutator function. These are both SQL-invoked function
Further, the-mutator function is a type-preserving function.

[

Let 4 bethe 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) returns MV
such that “A(MYV) is identical to AV” and for every attribute A’ (A" + A) of T, “A’(MV) is identical to A'(V)".
The most specific type of MV 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 Vis not the null value and, for every
attribute A of T, A(V) returns the default value of A. The most specific type of Vis 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.

NOTE 14 — SQL-invoked constructor methods are original methods that cannot be overloaded. An SQL-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 samg¢, and
the types of the corresponding remaining parameters (if any) are identical according to the Syntax Rules of Subclaus¢ 9.30,
“Data type identity”.

4.9.3.4 Subtypes and supertypes

As a fonsequence of the <subtype clause> of <user-defined type definition>, two structured types T}, and
Tp, that are not compatible can be such that T} is a subtype of T},. See Subclause 11.51, “<user-defined
type|definition>".

A typge T, is a direct subtype of a type Ty, if T, is a proper subtype of T}, and there does not exist a type T,
such|that T, is a proper subtype of T}, and a proper supertype of T.

Atype T, is a subtype of type T} if and only if exactly one of the fellowing is true:
— | T4 and Tp are compatible;

— | T,is a direct subtype of Tp;

— | T, is a subtype of some type T, and T, is a dirett subtype of T},

By the same token, T}, is a supertype of T, and is‘a direct supertype of T, in the particular case whefre T,
is a direct subtype of T},

If T, lis a subtype of T, and T, and T}, are-not compatible, then T, is a proper subtype of T, and T} i§ a
proper supertype of T,. A type cannot be a proper supertype of itself.

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

Let 7|, be a maximal supertype and let T be a subtype of T,. The set of all subtypes of T,, (which includes
T, itself) is called a subtype family of T or (equivalently) of T,. A subtype family is not permitted tohave
mor¢ than one maximal supertype.

Every value in aitype T is a value in the direct supertype, if any, of T. A value Vin type T has exactlyfone
mos{ specifictype MST such that MST is a subtype of T 'and Vis not a value in any proper subtype of|MST.

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 direft
subt]:;es 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 T, is a subtype of T, then a value in T, can be used wherever a value in T}, is expected. In particular, a
value in T, can be stored in a column of type T}, can be substituted as an argument for an input SQL
parameter of data type T}, and can be the value of an invocation of an SQL-invoked function whose result
data type is T},.

A type T is said to be the minimal 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 a minimal common supertype. Thus, for every set of types drawn from the same subtype family, there is some member
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 type UDT specifies or implies FINAL, then UDT has no proper subtypes.
As a consequence, the most specific type of every value in UDT is necessarily UDT.

A

Userpshattave the UNDER privitege omratype before they camrdefimeany directsubtypesof it A type
can have more than one direct subtype. A user-defined type or a reference type can have at maost ohe
diredt supertype.

A <user-defined type definition> for type T can include references to components of the direet supertype,
if any, of T. Effectively, components of the representation of the direct supertype are copié¢d-to the subtype’s
repre¢sentation.

4.9.4 Methods

A method of a user-defined type Tis either an original method of T or an overriding method of T. An original
method is specified by an <original method specification>, while an overriding method 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>;

— | Ifthe language is not SQL,then the <parameter style>;
— | Whether STATIC or-GONSTRUCTOR is specified;
— | Whether the method is deterministic;

— | Whether theémethod possibly modifies SQL-data, possibly reads SQL-data, possibly contains FQL,
or doesdiot possibly contain SQL;

— | Whether the method shall be evaluated as the null value whenever any argument is the null yalue,
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 <method name> and <SQL parameter declaration list> in some proper supertype of the user-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 method M is a method of type T1 if and only if exactly one of the following is true:
— Mis an original method of T1;

—  Mis an overriding method of T1;

— [Thereisaproper supertype T2 of T1 such that Mis an original or overriding method of 72 and]such
that there is no method M3 such that M3 has the same <method name> and <SQL parameéter
declaration list> as M and M3 is an original method or overriding method of a type T3 such thpat T2
is a proper supertype of T3 and T3 is a supertype of T1.

4.9.% User-defined type comparison and assignment

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

Letthe comparison type of a user-defined type T, be the user-defined type-Tjfor which all of the following
are tfue:

— | The type designator of T}, is in the type precedence list of T;
— | The user-defined type descriptor of T} includes an ordering form that is EQUALS or FULL;

— | The descriptor of no type T, whose type designator,precedes that of T} in the type precedende list
of T, includes an ordering form that includes EQUALS or FULL.

If there is no such type T}, then T, has no comparison type.

Let cpmparison form of a user-defined type F;-be the ordering form included in the user-defined tyjpe
descriptor of the comparison type of Ty,

Let cpmparison category of a user-defified type T, be the ordering category included in the user-defined
typedescriptor of the comparisan-type of Tj,.

[i5lLeY comparison function of auser-defined type T, be the ordering function included in the user-defined
type|descriptor of the comparison type of Tj,.

[:]Two values V1 andVZ whose most specific types are user-defined types T1 and T2 are comparabl]e if
and ¢nly if T1 and/FZ are in the same subtype family and each have some comparison type CT1 and CTZ,
respectively. GTXand CT2 constrain the comparison forms and comparison categories of T1 and T4 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 hjave
the same comparison function;

— ifthe 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 E whose declared type is some
user-defined type UDT1 is assignable to a site S whose declared type is some user-defined type UDTZ if
and only if UDT1 is a subtype of UDTZ. The effect of the assignment of E to S is that the value of Sis V/,
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obtained by the evaluation of E. The most specific type of VVis some subtype of UDT1, possibly UDT1 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
predefined data type SDT is assignable to any site whose declared type is some distinct type whose source

type

4.9.¢— Transforms for user-defined types ... |
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is SDT.

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

Insform is associated with a user-defined type. A transform identifies a list of transférm groups

e of a transform group is an <identifier> such that no two transform groups fer a transform hay

an SQL pre-defined type, and gets invoked whenever a user-defined-type value is passed to a
language program or an external routine;

a user-defined type and gets invoked whenever a user-defined type value is supplied by a hoj
language program or an external routine.

hsform descriptor includes a possibly empty list of transform group descriptors, where each trans
p 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 furction, if any, associated with the transform group.

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

ser-defined type.is.described by a user-defined type descriptor. A user-defined type descriptd
hins:

The name‘ofthe user-defined type (<user-defined type name>). This is the type designator o
type, used'in type precedence lists (see Subclause 9.7, “Type precedence list determination”)

Andndication of whether the user-defined type is a structured type or a distinct type;

ypes

pf up

o SQL-invoked functions, called the transform functions, each identified by a group name. The group

e the

from-sql function — This SQL-invoked function maps the user-defined type value into a valtie of

host

to-sql function — This SQL-invoked function maps a valu€ of-an SQL predefined type to a value of

t

tor.
form

Fthat

Thao aordarinag form fortha ncar-dafinad tuna ona of:
e OOt s o I o e ot ottt oty pCot-or

. EQUALS;
. FULL;
. NONE;

is]The ordering category for the user-defined type, one of:
. RELATIVE;
. MAP;

© ISO/IEC 2023 - All rights re

served


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

ISO/IEC 9075-2:2023(E)
4.9 User-defined types

STATE;

—  A<specificroutine designator> identifying the ordering function, depending on the ordering category;

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

— Ifthe 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;
— |[=IThe 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-definied representation, ja
derived representation, or a system-defined representation;

Ifuser-defined representation is specified, then the type descriptor of the representation type
of the referencing type of the structured type; otherwise, ifderived representation is spedified,
then the list of derivational attributes of the derived representation;

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

— | Ifthe <method specification list> is specified, thendor each <method specification> contained in

<method specification list>, a method specification descriptor that includes:

The <method name>;
The <specific method name>;

An indication of whether the <method specification> is an <original method specificatiop> or
an <overriding method specification>;

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

The <SQL paraimeter 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 <locdtor
indieation>, if any;

Thé<returns data type>;

The <result cast from type>, if any;

The <locator indication> contained 1n 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 indication whether the method possibly modifies SQL-data, possibly reads SQL-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 roy type is a sequence of (<field name> <data type>) pairs, called fields. It is described by a row
descriptor. A row type descriptor consists of the field descriptor of every field of the row type.

The nost specific type of a row of a table is a row type. In this case, each column of the table cofresp
to thp field of the row type that has the same ordinal position as the column.

Rowiltype RTZ is a subtype of data type RT1 if and only if RT1 and RTZ are row types‘of the same de
and, |n every n-th pair of corresponding field definitions, FD1, in RT1 and FD2, in-RTZ, the <field na

are gquivalent and the <data type> of FDZ2,, is a subtype of the <data type> of #D.I,,.

A value of row type RT1 is assignable to a site of row type RTZ if and onlycifthe degree of RT1 is the
as the degree of RTZ and every field in RT1 is assignable to the field in¢the same ordinal position in

A value of row type RT1 is comparable with a value of row type RTZ/if and only if the degree of RT1
samg as the degree of RT2 and every field in RT1 is comparable with the field in the same ordinal pos
in RT2.

4.11 Reference types

4.11.1 Introduction to reference types

A REF value is a value that references a row ina referenceable table (see Subclause 4.17.9, “Referenc
tabldgs, subtables, and supertables”). A referenceable table is necessarily also a typed table (that is,
an agsociated structured type from which its row type is derived).

Given a structured type T, the REF values that can reference rows in typed tables defined on T collect
form|a certain data type RT knowan as a reference type. RT is the referencing type of T and T is the referd
type pf RT.

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

Valugs of two reference types are comparable if the referenced types of their declared types have s
cominon supertype.

An expression-E'Whose declared type is some reference type RT1 is assignable to a site S whose dec
typelis somexeference type RTZ if and only if the referenced type of RT1 is a subtype of the referen|
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typelof RT2=-The effect of the assignment of E to S is that the value of S is V, obtained by the evaluatipn of

E. Themost specific type of Vis some subtype of RT1, possibly RT1 itself, while the declared type o

[ S

remains-REZ

A site RS that is occupied by a REF value might 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.

Areference type is described by a reference type descriptor. The reference type descriptor for RT 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
(Ivo71).

Reference type RTZ is a subtype of data type RT1 (equivalently, RT1 is a supertype of RTZ2) if and only if
RT1 is a reference type and the referenced type of RTZ 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 type MST such that MST is a subtype of RT and Vis not a value in any proper subtype
of M§T.

A reference type has a user-defined representation if its referenced type is defined by a <userydefingd
type fdefinition> that specifies <user-defined representation>. A reference type has a derivedmepresentation
ifits feferenced type is defined by a <user-defined type definition> that specifies <derivedrepresentatiion>.
A reference type has a system-defined representation if it does not have a user-defined, representatipn or
a detfived 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 thg site
identified by the REF value (see Subclause 6.22, “<dereference operation>"). If the REF value identjfies
no sike, 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 aalde of the referenced type; that Value is
consfructed from the values of the columns of the site identified by that REF value (see Subclause .24,
“<reference resolution>"). An operation is also provided that takes a REF value and returns a value
acqujred from invoking an SQL-invoked method on a valu€’of the referenced type; that value is constrificted
from|the values of the columns of the site identified by-that REF value (see Subclause 6.23, “<methpd

reference>").

4.12 Collection types
This Subclause is modified by Subclause4:5; “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.

pllection is a composite'value comprising zero or more elements, each a value of some data type DT.
If thg elements of some'collection C are values of DT, then C is said to be a collection of DT. The number
of el¢ments in C is the cardinality of C. The term “element” is not further defined in this document.[The

term| “collection”4s-generic, encompassing various kinds of collection in connection with each of which,
individually, thisiddocument defines primitive type constructors and operators. This document supports
the fpllowing:collection types:

— |[slArrays;
—  Multisets.

specific <collection type> CTis a <data type> specified by pairing a keyword KC (ARRAY or MULTISET)
with a specific data type EDT. Every element of every possible value of CT is a value of EDT 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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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;

— Anindication of the kind of the collection of CT:
. [sJARRAY (array type);

NI TICET
DIVIULI IO 1

L 14 £ 4 A
LlllulLlDCL L)’ IJC),
— |If CTis an array type, the maximum number of elements of CT.

Colldction type CTZ is a subtype of data type CT1 (equivalently, CT1 is a supertype of CT2Y)if and onlly if
CT1 is the same kind of collection as CT2 and the element type of CTZ is a subtype of thé-element typpe of
CT1.

[sJAn|external function (see Subclause 4.35, “SQL-invoked routines”) can return¥alues of a collecti¢on
typejsuch a function is called a collection-returning external function. This documeént supports the follgwing
types of collection-returning external functions:

— | Array-returning external functions;

— | Multiset-returning external functions.

4.12.2 Arrays

An alray is a collection A in which each element is associated with exactly one ordinal position in 4. If n
is the cardinality of 4, then the ordinal position p of anelement is an integer in the range 1 (one) < p <n.
If ED[T is the element type of 4, then A can thus be considered as a function of the integers in the range 1
(one) to n into EDT.

An afray site AS has a maximum cardinality pi.)The cardinality n of an array occupying AS is constrained
not tp exceed m.

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

Let A1 and AZ be arrays of EDTIAT and AZ are identical if and only if A7 and A2 have the same cardipality
nand if, for all i in the range 1 '(ohe) <i < n, the element at ordinal positioniin A1 is identical to the element
at orflinal position i in A2.

4.12.3 Multisets

A multisetis an unordered collection. Since a multiset is unordered, there is no ordinal position to reference
individual eléments of a multiset.

A myultisét'type is a <collection type>. If MT is some multiset type with element type EDT, then every
valu¢ 6fMT is a multiset of EDT.

Let M1 and M2 be multisets of EDT. M1 and M2 are identical if and only if M1 and M2 have the same car-
dinality n, and for each element x in M1, the number of elements of M1 that are identical to x, including
x itself, equals the number of elements of M2 that are identical to x.

Let n1 be the cardinality of M1 and let n2 be the cardinality of M2. M1 is a submultiset of M2 if, for each
element x of M1, the number of elements of M1 that are not distinct from x, including x itself, is less than
or equal to the number of elements of M2 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 CTZ 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. The element order defines the pairs of corresponding elements from the arrays being compared.

Th 1 4 | £ I Liaisl o€ dlaxtla. aH ] 34 £34 ] rs
e ICITIICTIC UITUTT Ul dil dl lcly 15 llllyllbll,ly UCITITICTU Uy LIIC UTUIlIarl PUD]LIUII Ul ILS CITIIITIILS.

[s]In the case of comparison of two arrays C and D, the elements are compared pairwise in element qrder.
C = I is True if and only if C and D have the same cardinality and every pair of elements are egual.

Two multisets C and D of comparable element types are equal if they have the same cardinality N and
therg exist an enumeration CEj, 1 (one) <j <N of the elements of € and an enumeratigh DEj, 1 (one]) <j

< N df the elements of D such that for all j, CE; = DE;;.

4.12.5 Operations involving arrays

4.12.5.1 Operators that operate on array values and return.array elements

<arrdy element reference> is an operation that returns the array element in the specified position wlithin
the array.

4.12.5.2 Operators that operate on array values.and return array values

<arrqy concatenation> is an operation that returns the array value made by joining its array value operfands
in the order given.

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

o

4.12.5.3 Operators that operate.on array values and return numbers

<carglinality 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 arrdy as
an ejact numeric value.

4.12.6 Operations.involving multisets

4.12.6.1 Operators that operate on multisets and return multiset elements

<multiset elemént reference> is an operation that returns the value of the element of a multiset, if the
multjset hasionly 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

ofthe value in the second operand. The variant specified by DISTINCT removes duplicates 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.

4.1 Data conversions

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

Impljcit type conversion can occur in expressions, fetch operations, single row select operations, ingerts,
deletfes, 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

sourge data type are converted into a value of a target data type according to th€ Syntax Rules and Geheral
Rule$ of Subclause 6.13, “<cast specification>". Data conversions between predefined data types annd
constructed types are defined by the rules of this document. Data conversions between a user-defined
typeland another data type are defined by a user-defined cast.

A yser-defined cast identifies an SQL-invoked function, called the‘cast function, that has one SQL para-
metdr whose declared type is the same as the source data type-and a result data type that is the tafget

dataftype. 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 functions called an implicitly invocable cast fun¢tion.

A us¢r-defined cast is defined by a <user-defined castdefinition>. A user-defined cast has a user-defined
cast flescriptor that includes:

— | The name of the source data type;

— | The name of the target data type;

— | The specific name of the SQL-inyoked function that is the cast function;
— | An indication as to whether the'cast function is implicitly invocable.

Wheh 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-anappropriate user-defined cast function if and only if all of the followinlg are
true:

— | The descriptorof 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
precedenge list of TV;

— | Thé result data type of UDCF is TT;

AN +1 dafi | 4+ £ 43 IINCO 1+l SOl s 0 S A | ] A 4 T+l t
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precedes DTPin the type precedence list of TV is an appropriate user-defined cast function to assign
VtoT.

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:

— Sisa<select statement: single row>, <insert statement>, <update statement: positioned>, <update
statement: searched>, or <merge statement>;
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—  UDCFisinvoked 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 basetable hy various operations

A domain definition specifies a data type. It may also specify a <domain constraint> that further resfricts
the vialid 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, fieldsyand 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 structiiral components of tables, row types, and strucfured
types, respectively, in analogous fashion. As the structure of a table consists of one or more columis, so

doesjthe structure of a row type consist of oneyor more fields and that of a structured type one or rhore

attributes. Every structural element, whether'a column, a field, or an attribute, is primarily a name ppired
withfa declared type. The elements of a structure are ordered. Elements in different positions in the sgame
strudture 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 scherha

ambiguous and attempts to réference either element by name will raise a syntax error. Although the
nts of a structure are distinguished from each other by name, in some circumstances the conppat-
ibility of two structures {for the purpose at hand) is determined solely by considering the declared fypes
of each pair of elements at the same ordinal position.

A taljle (see Suhclause 4.17, “Tables”) is defined on one or more columns and consists of zero or mpre
rowd. A colummnhas a name and a declared type. Each row in a table has exactly one value for each column.
Each|value ina’row is a value in the declared type of the corresponding column. A column is either
upddtable'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 atleast one constraint NNC that is enforced and not 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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Cis based on a domain that has a domain constraint that is not deferrable and that simply contains
a <search condition> thatis a <boolean value expression> that is a readily-known-not-null condition
for VALUE;

Cis a unique column of a non-deferrable unique constraint that is a PRIMARY KEY;
Cis the self-referencing column of T;

The SQL-implementation is able to deduce that the <search condition> “C IS NULL” can never be
True when applied to a row in T through some additional implementation-defined (1A199) 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.ethers), then
the SQL-implementation can claim support for Feature T101, “Enhanced nullability determination’],

e nullability characteristic of a column of a derived table is defined by the Syntax Rules of Subclausg 7.6,

“<talle reference>" (for <PTF derived table>), Subclause 7.10, “<joined table>", Subg¢lause 7.16, “<dquery

spec

A column Cis described by a column descriptor. A column descriptor includes:

56

fication>", and Subclause 7.17, “<query expression>".

The name of the column;
Whether the name of the column is an implementation-dependent name.

Ifthe column is based on a domain, then the name of that domain; otherwise, the data type descifiptor
of the declared type of C;

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

The nullability characteristic of C;

The ordinal position of C within the table that contains it;

An indication of whether C is updatableor not;

An indication of whether C is a self-referencing column of a base table or not;
An indication of whether Cids\an identity column or not;

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

If Cis an identitycolumn, then the descriptor of the internal sequence generator for C, which includes
the start valué of C;

NOTE 22>=Identity columns and the meaning of “start value” are described in Subclause 4.17.12, “Identity colymns”.
An indication of whether Cis 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 4;

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

— | The value of the implicit or explicit <attribute default> of 4;

— | The name of the structured type defined by the <user-defined type definition> that defines A
fleld 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 F within the row type that simply contains it,

4.1¢6 Periods

4.14.1 Introduction to periods

A period definition for a given table associates a period namewith a pair of column names defined|for
that table. For a table T with a period definition PD, let PN be’the period name, START be the first colJumn
name specified in PD, and END be the second column natite specified in PD. START is called the PN pgriod
start{column of T. END is called the PN period end colunn 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 rowin Tis considered to be associated with the PN period 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 pefiod
valug 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 andiless than the value of END. For a table T with period PN, there is|an
implcit constraint that ensureg-that the PN period end value of a given row R is greater than the P)
periqd start value of R.

A period is described byaperiod descriptor. A period descriptor includes:
— | The name of the period;

— | The namespfithe period start column;

— | The namé of the period end column;

— | Ifthe'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 RZ be any two rows in a table T with 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 EZ be the PN period end value
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of R2. The PN period value of R1 is said to overlap with the PN period value of RZ if and only if (51 < E2
AND E1 > S2).

4.16.2 Operations involving periods
<period overlaps predicate> tests whether two periods 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.

<perjod 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 seegnd
periqd, respectively.

<perjod precedes predicate> tests whether a period precedes another period; that is, all values contgined
in the first period are less than the start value of the second period.

<perjod succeeds predicate> tests whether a period succeeds another period; that isyall values contgined
in the first period are greater than or equal to the end value of the second period.

<perjod immediately precedes predicate> tests whether a period immediately~precedes another pdriod;
that Is, the end value of the first period equals the start value of the second-period.

<perjod immediately succeeds predicate> tests whether a period immediately follows another perjod;
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”, in1SO/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 tahle is a collection of zero or more rows where each row is a sequence of one or more column vdlues.
The most specific type of a row is a row'type. Every row of a given table has the same row type, called

the rpw type of that table. The value of the i-th field of every row in a table is the value of the i-th cojlumn
of that row in the table. The row'is the smallest unit of data that can be inserted into a table and de]eted
from|a table.

A1

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

thble is eithera-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-timé’period
end dolumn. Atany pointin time, all rows that have their system-time period end column set to thehighest
valu¢ supported by the data type of that column are known as current system rows; all other tows gre

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

A glopal temporary table is a named table defined by a <table definitioh> that specifies GLOBAL TEMPOR-
ARY.|Global temporary tables are effectively materialized only when referenced in an SQL-session. Every
SQL-kession that references a global temporary table causes adistinct instance of that global tem;:}rary
tablg (i.e., a multiset of rows that is visible only to that SQL-session) to be materialized. That is, the multiset
of rows that is referenced by the <table name> of a global temporary table cannot be shared between

SQL-kessions.

For gurposes of temporary tables, if an SQL-sessioniis executing direct SQL, then the <direct SQL sfate-
menf>s executed during the SQL-session effectively comprise a separate SQL-client module.

A crdated 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-gession. Every SQL-client moduleinrevery SQL-session that references a created local temporgry

tablg causes a distinct instance of that created local temporary table (i.e., a multiset of rows that is visible
only fto 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-
sessi{ns, nor between SQL-client modules that execute during an SQL-session.

The dlefinition of a globaltemporary table or a created local temporary table appears in a schema. I SQL
langfage, the name.atid the scope of the name of a global temporary table or a created local tempofary
tablqg are indistinguishable from those of a persistent base table.

A de¢lared locad temporary table is a named table defined by a <temporary table declaration>.

An SQ)L-elient module declared local temporary table is a declared local temporary table defined il an
<SQll-client module definition> or in a <direct SQL statement>. (Note that the <direct SQL statemeht>s
executet by arr SQE=sessiumthat isexecutimg direct SQEeffectivety compriseadistimct SQEctient module. )
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
an SQL-client module declared local temporary table cannot be shared between SQL-sessions, nor between
SQL-client modules that execute during an SQL-session.
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pa]All 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.<tabl
expression>. A <query expression> can contain an optional <order by clause>. The ordering of the frows
of the table specified by the <query expression> is guaranteed only for the <query expression> th
immediately contains the <order by clause>.

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

A <qpiery expression> can also optionally contain a <result offset clause>, which may limit the cardinality
of the derived table by removing a specified number of rows from the beginning of the derived table. If
a <quiery 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
numbper of rows specified in the <result offset clause> from the beginning of the result produced by the
<qudry expression>. If the cardinality of the result of an evaludtion of a <query expression> is less than
the dffset value specified by a <result offset clause>, then the:derived table is empty.

A <qpiery expression> can also optionally contain a <fetch first clause>, which may limit the cardinplity
of th¢ derived table. If a <query expression> contains both an <order by clause> and a <fetch first clafise>,
then|the rows in the derived table are first sorted aécording to the <order by clause> and then limifed
to the number of rows specified in the <fetch firsticlause>. The <fetch first clause> may specify this|limit
eithgr as an exact number of rows, or as a percentage. In addition, if WITH TIES is specified, then apy
peers of retained rows are also retained inthe result. A <query expression> may contain both a <r¢sult
offset clause> and a <fetch first clause>,ifuwhich case the <result offset clause> is applied first, follpwed
by the <fetch first clause>. If the cardinality of the result of an evaluation of a <query expression> i less
than|the limit specified by a <fetchfirst clause>, then the <fetch first clause> has no effect on the defived
tabld.

A viewed table is a named derived table defined by a <view definition>. A viewed table is sometimgs
callefl a view. Base tables-and views are identified by <table name>s. The same <table name>, in itd| fully
qualffied form, cannot-betsed for both a base table and a view.

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

LOCAL CHEEK OPTION can be specified only if Vis simply updatable. CHECK OPTION is not permitfed if
a target/generally underlying table of Vis trigger insertable, trigger updatable, or trigger deletable|If
CHECKOPTION 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 R must be a row that can be seen by performing
SELECT * FROM VN (where VN is the name of 1/);
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— IfLOCAL CHECK OPTION is specified, then, informally, R must 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 I/ 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.

OTE 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”.

The griginal <query expression> OQE of a view V, and any <query specification>, <table valuecoristruqtor>,
<explicit table>, or <query expression> contained in OQE is called a view component of /.,

4.17.4 Transient tables

A transient table is a named table that may come into existence implicitly duringthe evaluation of o
<qudry 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 dyring
the ekecution of a trigger. Such tables exist only for the duration of the executing SQL-statement contajning
the qquery 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.

baloo]The <table name> of a persistent base table, glabal temporary table, created local temporary table,
or SQL-client module declared local temporary table is used to identify a particular multiset of rows, as
follos:

— | The <table name> of a persistent basée-table uniquely identifies a multiset of rows;

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

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

—  |palos]The <table namie> 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 Tableupdatability

A taljle may*be updatable. This document defines two grades of table updatability, using the adjectjves
“simplyAipdatable” and “generally updatable”. The set of simply updatable tables is a proper subsef of
the setof 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 column of 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>", determine whether a derived table Tis simply
updatable or generally updatable, and which of the columns of T are updatable. A view is simply updatable
or generally updatable if the user-specified <query expression> of the view is simply updatable or generally
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updatable, respectively. A column of a view is updatable if the corresponding column of the user-specified
<query expression> of the view is updatable. A view is trigger updatable if an update INSTEAD OF 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
transition variable column reference.

anew

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-in

to.

The $yntax Rules of Subclause 7.6, <table reference>", Subclause 7.16, "<query specilication>",
Subclause 7.17, “<query expression>", determine whether a transient table identified by a <query n:
or a {lerived table T is insertable-into. A view is insertable-into if the user-specified <query express
of the view is insertable-into. A view is trigger insertable-into if an insert INSTEAD OF trigger'is de
on that view.

il me>
ion>
ined

The ¢peration of update on a table Tis permitted if T'is effectively updatable or trigger-updatable, supject

to copnstraining Access Rules and Conformance Rules. The operation of delete oni'a table T is permit
if T i$ effectively updatable or trigger deletable, subject to constraining AccessRules and Conformg
Rules. The operation of insert on a table T is permitted if T is insertable-into\or trigger insertable-i
subjéct 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.

table is described by a table descriptor. A table descriptelyis either a transient table descriptor, a
tablq descriptor, a view descriptor, or a derived table deseriptor (for a derived table that is not a vi

Every table descriptor includes:

— | The column descriptor of each column in thetable.

— | The name of the structured type, if any,-associated with the table;
— | Anindication of whether the table.is insertable-into or not;

— | Anindication of whether thetable is a referenceable table or not, and an indication of whethe
self-referencing column isa'system-generated, a user-generated, or a derived self-referencin
column;

— | The name of its direct’supertable, if any;
— | Alist, possibly-empty, of the names of its direct subtables.

A transient table-descriptor describes a transient table. In addition to the components of every tab
descriptor, afransient table descriptor includes:

ted
nce
hto,

base
EW).

r the

o

— | 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 names.

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;

— Anindication 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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— Ifthe 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 ROWS was specified or ON
COMMIT DELETE ROWS was specified or implied;

—  The descriptor of each table constraint specified for the table;

— Anon-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 defines how the table is to be derived; (When a.derived table descrfiptor
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;

View descriptor describes a view. In addition to the components of a derived table descriptor, afview
descriptor includes:

— | The name of the view;

— | Anindication of whether the view has the CHECK OPTION; if so, whether it is to be applied af
CASCADED or LOCAL;

— | The original <query expression> of the view; (This <query expression> is used to find the roys of
the view that have no proper subrows.)

— | The user-specified <query expréssion> of the view;
NOTE 29 — The user-specified.<query expression> is identical to the original <query expression>, except for{refer-
enceable views whose reference type has a derived representation; see the General Rules of Subclause 11.32, “kview
definition>".

— | An indication of whether the view is trigger updatable;

— | Anindication 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 Subcldause is modified by Subclause 4.4.5, “Syntactic analysis of derived tables and cursors”, in ISQ/IEC
9075-9

An instance of certain BNF non-terminals S that define cursors and derived tables may be analyzed to
define two directed graphs, known as the graph of underlying table specifications and the graph of 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> contained within QE. In addition, S can contain more than one <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 specification of a cursor
is the <cursor specification> included in the cursor’s result set descriptor (or, for standing cursons|the
<curpor specification> included in the cursor declaration descriptor).

The yinderlying table specifications of a derived table or cursor DTC are the simply underlying tabl
specifications of DTC and the underlying table specifications of the simply underlying tabl€ specificafions
of DTC.

A3

The leaf underlying table specifications of a derived table or cursor DTC are the ufiderlying table sp€cific-
ations of DTC that do not themselves have any underlying table specifications

bo]The generally underlying table specifications of a derived table or cursor-DTC are the underlying fable
specifications of DTDC and, for each underlying table specification of DTC\that is a <table or query ngme>
TORQN, the generally underlying table specifications of TORQN, whichyare defined as follows:

— | ollf TORQN identifies a base table or if TORQN is a <transition table name>, then TORQN has 1o
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 VV and the generally
underlying table specifications of QEV.

The leaf generally underlying table spegifications of a derived table or cursor DTC are the generally
unddrlying table specifications of DTC that do not themselves have any generally underlying table §pe-
cificgtions.
NOTE 31 — A leaf generally underlying table specification is either a <table or query name> that identifies a base table or
al<transition table name>.

Let S|be a BNF non-tepminal. The leaf underlying tables of S are the tables identified by the leaf underflying
tabld specificationsf'S, and the leaf generally underlying tables of S are the tables identified by the leaf
genefrally underlying table specifications of S.

Let d be a cursot and let CS be the <cursor specification> of C. The leaf underlying tables of C are th¢ leaf
undqrlyingtables of CS, and the leaf generally underlying tables of C are the leaf generally underlying
tablgs of'CS.

Let V'be a view and Iet 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.

If DTC defines an updatable 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 graph of underlying table specifications. The graph of 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 simply underlying table specification of a <table or query name> is the <table name> or <query
name> simply contained in the <table or query name>. (A <transition table name> does not identify an
effecfively updatable table, and therefore cannot appear in a graph of target underlying table specifica-
tiong.) A <table name> has no target simply underlying table specifications. The target simply undetllying
tablqg 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 i3 the <cufrsor
specification> included in the cursor’s result set descriptor (or, for standing cursors, the¢ursor specific-
atior]> included in the cursor declaration descriptor).

arget underlying table specifications of an effectively updatable derived table or an updatable clirsor
re the target simply underlying table specifications of DTC and the targetidinderlying table specific-
s of the target simply underlying tables of DTC.

arget leaf underlying table specifications of DTC are the target underlying table specifications|of
hat do not themselves have any target underlying table specifications.

OTE 33 — A target leaf underlying table specification is a <table name>¢hat identifies a base table or an effectively
datable view.

arget generally underlying table specifications of DTGare the target underlying table specifications
C and, for each target underlying table of DTC that iga <table name> VN that identifies a view V¥, the
rchical <query expression> QEV included in the wiew descriptor of V and the target generally
rlying table specifications of QEV.

arget leaf generally underlying table specifications of DTC are the target generally underlying fable
specifications of DTC that do not themselvesthave any target generally underlying table specificatidns.

OTE 34 — A target leaf generally underlyihgtable is a <table name> that identifies a base table.

Let §be a BNF non-terminal. The target leaf underlying tables of S are the tables identified by the tgrget
leaf ynderlying table specifications'of S, and the target leaf generally underlying tables of S are the thbles
identified by the target leaf generally underlying table specifications of S.

Let dbe a cursor and let S be the <cursor specification> of C. The target leaf underlying tables of (|are
the thrget leaf underlying_tables of CS, and the target leaf generally underlying tables of C are the target
leaf generally underlying tables of CS.

Let Ifis 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 Vpre
the target léaf'generally underlying tables of HQE.

4.17.9- Referenceable tables, subtables, and supertables

A table RT whose 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 <column name> of REFC. The declared type of REFC 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
value of a system-generated self-referencing column and a derived 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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Atable T, is a direct subtable of another table T}, if and only if the <table name> of T}, is contained in the
<subtable clause> contained in the <table definition> or <view definition> of T,,. Both T, and T}, shall be
created on a structured type and the structured type of T, shall be a direct subtype of the structured type
of Tb-

A table T, is a subtable of a table T}, if and only if at least one of the following is true:

—  Tgand Tp are the same named table;

— | T,is adirect subtable of T};
— | There is a table T, such that T, is a direct subtable of T, and T, is a subtable of T},

A tahle T is considered to be one of its own subtables. Subtables of T other than T itselfare called ifs
proper subtables. A table shall not have itself as a proper subtable.

A taljle T}, is called a supertable of a table T, if T, is a subtable of T}, If T, is a djrect subtable of T, then
T, is|called a direct supertable of T,. If T, is a proper subtable of T, then T}, is.¢alled a proper supertable
of T, A table that is not a subtable of any other table is called a maximal supertable.

Let T}, be a maximal supertable and T be a subtable of T,. The set of all'subtables of T, (which inclydes
T, itgelf) is called the subtable family of T or (equivalently) of T,, Every subtable family has exactly jone
maximal supertable.

A ledf table is a table that does not have any proper subtablés:

Those columns of a subtable T}, of a structured type S7;;that correspond to the inherited attributeg of
ST, dre called inherited columns. Those columns of Tythat correspond to the originally-defined attrilputes
of §T}, are called originally-defined columns.

Let 7B 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 fjow RA in the value of TA such thatRAis the result of the <row subquery> “SELECT SLA FROM VALUES
RRB’} where RRB is some <row value constructor> whose value is RB. RA is said to be the superrow jin TA
of RR and RB is said to be the subrow in TB of RA. If TB is a proper subtable of TA, then RA is a propgr
supefrow of RB, and RBis a preper subrow of RA. If TA is a base table, then the one-to-one correspondence
between superrows and subrows is guaranteed by the requirement for a unique constraint to be spegified
for spme supertable of TANf TA is a view, then such one-to-one correspondence is guaranteed by the
requjrement for a unique constraint to be specified on the leaf generally underlying table of TA.

Userf shall have the'UNDER privilege on a table before they can use the table in a subtable definitipn. A
tablg can have more than one proper subtable. Similarly, a table can have more than one proper supertable.

4.17.10 Operations involving tables

Tabl¢ values are operated on and returned by <query expression>s. The syntax of <query expressipn>
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 or more
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

deteyminedby o . '
“SQLstatements classified by function”) operating on T.

4:41.2,

The ¢ffect 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 insenting tables
into pase tables”, and Subclause 15.14, “Effect of replacing rows in base tables”.

The ¢ffect of an SQL-data change statement on a derived table is specified by the General Rules of
Subdlause 15.9, “Effect of deleting some rows from a derived table”, Subclause 15.12, “Effect of inserting
a tablle into a derived table”, and Subclause 15.15, “Effect of replacing some rows in a derived table|.
The ¢ffect of an SQL-data change statement on a viewed table is specifiedby the General Rules of
Subcjause 15.10, “Effect of deleting some rows from a viewed table”, Sibclause 15.13, “Effect of insefrting
a tablle 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 table T has a primary €ffect (on T itself), zero or more secorldary
effects (not necessarily on T), and zero or more tertiary effects (not necessarily on T). If T is a systdm-
joned table, then the effects are restricted to the subset-of rows that correspond to current system

The primary effect of a <delete statement: positioned> on a regular base table T is to delete exactlyj one
specified row from T. The primary effect of a <deléte statement: searched> on a regular base table(T is

The primary effect of a <delete statement;-positioned> on a system-versioned table T'is to replace exactly
one 4pecified row of T with its system~tithe period end column value set to the transaction timestamp of
the §QL-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 zejro or
mor¢ rows of T with their system-time period end column values set to the transaction timestamp ¢f the
SQL-transaction in which fhe'<delete statement: searched> executes.

The primary effect of@-<truncate table statement> on a regular base table T is to delete all rows fr¢m T
withput causing thé execution of any trigger specified for T.

The primary effect of an <update statement: positioned> on a regular base table T is to replace exalctly
one gpecifiedirow in T with 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 replade
exactly one specified row R in T with 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: 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.

The primary effect of an <update statement: searched> on a system-versioned table T'is, for each candidate
row R to be replaced, to replace R with 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 the value of the system-time period end column set to the greatest value supported
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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 V'T.

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 c-of the-system-time periodend-cotlummnset to-the-greatest vatte-supportedby-the-dectared type

The primary effect of a <merge statement> on a regular base table T is to delete zero or more rows [from
T angl/or to replace zero or more rows in T with specified rows and/or to insert into T zer¢-0r morg
specified rows.

The primary effect of a <merge statement> on a system-versioned table T is to deléte zero or more frows
in T @s described in the 11th paragraph of this Subclause and/or to replace zero.or more rows in T|with
spec]fied rows as described in the 16th paragraph of this Subclause and/or to\insert into T zero or fnore
specified rows as described in the 18th paragraph of this Subclause.

Each|of the table updating operations, when applied to a base table T,‘cah have various secondary and
tertiary effects. Such secondary and tertiary effects may include alteration or reversal of the primafy
effect.

Secopdary effects might arise from the existence of:

— | Proper subtables and proper supertables of T, whoseyalues might be affected by updating operaftions
onT.

— | BEFORE row triggers specified for T, which might alter the values of columns in rows to be inserted
or replaced.

Tertipry 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 fow
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 resylt in
secondary effects ontables referenced by such constraints.

— | AFTER triggers'specified for T, which might specify table updating operations on effectively
updatable tables other than T.

Columns that@re identity columns and self-referencing columns that are system generated or deriyed
are gverridable columns. The values of overridable columns can be generated automatically when 4 row
is ingerteédy(using <insert statement> or a <merge insert specification> of a <merge statement>). Iffis
pernjitted that they are not changed when a row is updated (by <update statement: positioned>, <u}Pdate
statement: searched>, Or a <merge update specification> ol a <merge statement>). I he <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. OVERRIDING USER VALUE 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 notlisted in the <insert column list>, then the system-generated
value is assigned to OC.
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NOTE 35 — Self-referencing columns that are user-generated and generated columns are not overridable columns. Id

entity

columns are overridable columns, even if they have 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 T may define one or more range variables that ranges over rows of T, ref-

erenfing each row In turn In an implementation-dependent (USU52) order. Thus, each reference to
rangg variable RV of T references exactly one row of T. T is said to be the table associated with RV

A ranjge variable is a <correlation name>, a <table name>, or a <query name>.

a

A range variable RV is declared by a BNF non-terminal BNF, such as a <from clause>, stable 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 i
which the range variable is visible. Two range variables that are equivalent (as‘<identifier>s or <ta|
name>s) are nevertheless distinct if they have different scopes.

The primary use of a range variable RV is to qualify column names in 4£column reference>s and per
names in <period reference>s contained within the scope of RV. Row pattern variables are a kind of 1
varigble used only within <row pattern recognition clause>, wherethey are used to define row patt
and may be used as an argument of <classifier function>, in addition to their use as qualifiers in <co

le

iod

ange
erns,
umn

reference>s. Subclause 6.6, “<identifier chain>", is responsible for determining the range variable ghat

qualifies a column name in a <column reference> or a perioed name in a <period reference>, as wel
disambiguating similar <period>-qualified BNF non-terminals.

as

Each|range variable has an associated column list andan associated period list; these are the list of colfimns

(not necessarily all columns) and list of periods (not necessarily all periods), respectively, of the ta
assogiated with that range variable. A range yayiable can appear as the qualifier in a <column refere
only [if the name of the column is included.in the associated column list of that range variable. Simi
a range variable can appear as the qualifiet in a <period reference> only if the name of the period i
included in the associated period list efthat range variable.

The

ollowing 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 1
be used to qualifysacolumn name.

— | <delete statement: searched>.
— | <update/statement: positioned>.

— | <update statement: searched>.

ble
nce>
arly,

ever

The follewing 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 defines multiple range variables, excluding <trigger definition> and <merge
statement>, the associated column lists and the associated period lists of individual range variables are
mutyally exclusive and exhaustive, so that every column and every period
non-ferminal has exactly one range variable that may be used to qualify that column or period, respectively.

4.17.12 Identity columns

The ¢olumns 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 disfinct type whose source type is an exact numeric type with scale 0 (zero),/An/identity column has a
start|value, an increment, a maximum value, a minimum value, and a cycle option? An identity columh is
assofiated with an internal sequence generator SG. Let IC be the identity.colimn of BT.

Wheh arow R is presented for insertion into BT, if R does not contain d«column corresponding to IC|then
the (eneral 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 coryresponding to IC and the <insert
statement> or the <merge statement> that inserts R specifies @QVERRIDING SYSTEM VALUE, then the
valug in R is assigned to IC. If R contains a column corresponding to /C and the <insert statement> qr the
<merge statement> that inserts R specifies OVERRIDING USER VALUE, then the value in R is ignored and
IC is pssigned V. The definition of an identity column may specify GENERATED ALWAYS or GENERATED
BY DEFAULT.

NOTE 37 — “Start value”, “increment”, “maximum value® “minimum value”, and “cycle option” are defined in Subclaus¢ 4.29,
“Sequence generators”.

NOTE 38 — The notion of an internal sequence generator being associated with an identity column is used only for definjtional
plurposes in this document.

4.17.13 Base columns and generated columns

A column of a base table is eithena base column or a generated column. A base column is one that i§ not
a gerlerated column. A generated column is one whose values are determined by evaluation of a generpation
expréssion, a <value expression> whose declared type is by implication that of the column. A generftion
expression can reference-base columns of the base table to which it belongs but cannot otherwise afcess
SQL-data. Thus, the-value of the field corresponding to a generated column in row R is determined by

the vialues of zero/or'more other fields of R.

A generated celumn GC depends on each column that is referenced by a <column reference> in its g¢ner-
atior] 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 G, 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 arow in GT such that for every grouping column GC the value of GC in R1 is not distinct from
the value of GCin R2, then R2 is in G1. Every row in GT is in exactly one group. A group may 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
associated with a <table expression>. A window is defined explicitly by a <window definition> 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 w1ndow deflnes a window partltlomng of the rows of the <table expre551on> The wmdow parti-
tionif [ [ [
tablg. However unlike grouped tables, each row is retained in the result of the <table expre551on> The

windpow partition of a row R is the collection of rows RZ2 that are not distinct from R, for all celulns|enu-
merdted in the window partitioning clause. The window partitioning clause is optional; ifomitted, there
is a single window partition consisting of all the rows in the result.

If a qtable expression> is grouped and also has a window, then there is a syntactictransformation that
segré¢gates the grouping into a <derived table>, so that the window partitions consist of rows of th
<derjved table> rather than groups of rows.

Ay

A wihdow may define a window ordering of rows within each window partition defined by the winfow.
The ywindow ordering of rows within window partitions is specified by alist of <value expression>$, fol-
lowed by ASC (for ascending order) or DESC (for descending order). Inyaddition, NULLS FIRST or NULLS
LAST may be specified, to indicate whether a null value shall appéat 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 windew partition that are peers according tp the
window ordering. Although the ordering of rows withina window ordering group is implementatipn-
dependent (US028), it is possible to totally order the window ordering groups of a window partitign, as
follos: if WOG1 and WOGZ are two window ordering groups contained in the same window partitfion
P, th¢n WOG1 precedes WOGZ if and only if some.fow of WOG1 precedes some row of WOG2.

Optionally, a window may define a window fiame for each row R. A window frame is always defined rel-
ativelto 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 forwatd 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 thecurrent row; or ROWS, to indicate a physical definition of the window fifame,
by counting rows foeyward 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 sgme
row deterntirted by a logical or physical offset from the current row.

— | An endihg row, which may be the last row of the window partition of R, the current row, or sqme
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 peerq (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 specijfy
partial orderings, the computation of <window function>s is inevitably non-deterministic to the'eqtent
that the ordering is not total. Nevertheless, the user may desire that two <window function>s be-computed
using the same ordering, so that, for example, two moving aggregates move through the rows 6f apartition
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 followingistrue:

— | The <window function>s identify the same window structure descriptor.

— | The <window function>s’ window structure descriptors have window paftitioning clauses that
enumerate the same number of column references, and those columnxeferences are pairwis¢
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 gefer-
ences, and those column references are pairwise equivalent in their order of occurrence, and|the

<sort specification>s pairwise specify or imply <collate clatise>s that specify equivalent <collation
name>s, the same <ordering specification> (ASC or DESEJ, 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 windo.

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 dafa analysis function is a funetion that returns a value derived from a number of rows in the resflt of
a <table expression>. A data @nalysis function may only be invoked as part of a <query specificatiop>,

<selgct statement: single yow>, or simple table query, and then only in certain contexts, identified below.
A dafa analysis functionds,one of:

— | A group function;'which is invoked on a grouped table and computes a grouping operation orjan
aggregate funetion 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.

4.14.20 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 GROUPI NG( <col um r ef er ence>) . 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 Wi ldUVV fuu\,tiuu io =} fuu\,tiuu VVhUDC I Cou}t fUl d S;VCII JRVAAY iD dUl ;vcd fl UlIll thC \A4 ;lldUVV fl dllIc Uf hat

row s defined by a window structure descriptor of a windowed table. Window functions may only apear
in the <select list> of a <query specification> or <select statement: single row>, or the <orderby'cldquse>
simplly contained in a <query expression> that is a simple table query.

A window function is one of:

— | Arank 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 R within the window partition of R as defined by
a window structure descriptoryaccording to the window ordering of those rows, also specified by the
samg window structure desctiptor. Rows that are not distinct with respect to the window ordering within
theirjwindow partition aré assigned the same rank. There are two variants, indicated by the keywqrds
RANK and DENSE_RANK:

— |IfRANK s specified, then the rank of row R is defined as 1 (one) plus the number of rows that pr¢cede
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
willbe one or more gaps in the sequential rank numbering.

— | IEDENSE_RANK is specified, then the rank of row R is defined as the number of rows preceding and

H L R tlaod i ati 4 N ) o 2] LA | ,] H
NI Tuunrg N aidtdi TUIis it Uwitirtcs ptt Tt to taIc wilridO w UTUTT TITE.

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 R within the window partition of R defined
by a window structure descriptor, expressed as an approximate numeric ratio between 0.0 and 1.0. There
are two variants, indicated by the keywords PERCENT_RANK and CUME_DIST.

— IfPERCENT_RANK s specified, then the relative rank of arow Ris defined as (RK-1)/(NR-1), where
RKis defined to be the RANK of R and NR is defined to be the number of rows in the window partition
of R.
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— IfCUME_DIST is specified, then the relative rank of a row R is defined as NP/NR, where NP is defined
to be the number of rows preceding or peer with R in the window ordering of the window 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 row number, starting with 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
rathgrthameveragroupofagroupedtable—The-hypothetical setfunctionsarenotpermittedas-window
aggregate functions.

OV OOpPOTrazrouapcatao . y PO cl Cl O cl OTP Cda VV

Aggregated arguments of the <aggregate function> of a window aggregate function WAF mdy contdin
<nested window function>s. There are two <nested window function>s: <nested row number function>
and fvalue_of expression at row>. Both <nested window function>s use <row marker>$,)which ardg
keywords that denote specific rows. Let R be a particular row for which a <nested window functiofp> is
to belevaluated; let F be the window frame determined by R, and let P be the windew-partition contajning
R. The <row marker>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 fromthe first row to the last row of F during evaluption
of WAF.

<nested row number function> returns the window partition row number of a <row marker>. (Roys
with]n a window partition are numbered sequentially starting with 1 (one) according to the windqw
ordefing).

<valyle_of expression at row> evaluates-a <value expression> on a row indicated by a <row marker>| plus
or mjnus an optional offset. If the.¢ombination of <row marker> plus or minus offset would lie outfide

the window partition, the valué 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’xsimple value specification> or a <dynamic parameter specification> that
evalyates to an exact iimeric value n with scale 0 (zero) as an argument and computes an exact nurperic
valu¢ with scale Q- zeto), ranging from 1 (one) to n, for each row R within the window partition of R
defined by a window structure descriptor.

The lead andHag functions each take three arguments, a <value expression> VE, an <exact numeric litpral>
OFFSYETand a <value expression> DEFAULT. For each row R within the window partition P of R defiined
by a window structure descriptor, the lag function returns the value of VE evaluated on a row that 1s
OFFSET mumber of rows before R within P, and the lead function returns the value of VE evaluated on a
row that is OFFSET number of rows after R within P. The value of DEFAULT is returned as the result if

there is no row corresponding to the OFFSET number of rows before R within P (for the lag function) or
after R within P (for the lead function). In addition, RESPECT NULLS or IGNORE NULLS can be specified
to indicate whether the rows within P for which VE 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)
defined by a window structure descriptor. In addition, RESPECT NULLS or IGNORE NULLS can be 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 n with 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 can be specified to indicate whether the rows for which VE evaluates to the null value are preserved
or eliminated.

A row pattern measure function is specified by a <measure name>, whose value is specified by a <row
pattdgrn measure expression>. See Subclause 4.16.5, "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, in which case the aggregate function isagroup aggregate fun¢tion,
or set function, and for each group there is one aggregation, which in¢ludes every row in the group.

— | The window frame of a row R of a windowed table relative to a particular window structure
descriptor, in which case the aggregate function is a window aggregate function, and the aggreghtion
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<dentified by a row pattern variable in a frow
pattern match.

Opti¢nally, the collection of rows in an aggregation.may be filtered, retaining only those rows that satisfy
a <sdarch 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 can optionally be qualified with either DISTINCT or ALL. Of the rows in the aggregation,
the fpllowing are removed-rom the rows that qualify:

— | If DISTINCT is spécified, then redundant duplicates.
— | Every row imwhich the <value expression> evaluates to the null value.

If nojrow qualifies, then the result of COUNT is O (zero), and the result of any other aggregate functfon is
the null value:

Otlllerwise (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 s 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.

Neither DISTINCT nor ALL are allowed to be specified\for VAR_POP, VAR_SAMP, STDDEV_POP, or

STDI]
funct
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If VAR_SAMP is specified, then the sample variance of <value expression> evaluated for each,fow
that qualifies, defined as the sum of squares of the difference of <value expression> from-the fnean
of <value expression>, divided by the number of rows that qualify minus 1 (one).

If STDDEV_POP is specified, then the population standard deviation 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 <valu€ expression> evalyated
for each row that qualifies, defined as the square root of the sample variahce.

If ARRAY_AGG is specified, then an array value with one element formed-from the <value expresgion>
evaluated for each row that qualifies.

If LISTAGG is specified, then a character string value that is the concatenation of the <charactpr
value expression> evaluated for each row that qualifies.

If ANY_VALUE is specified, then the <value expressign>\is evaluated for an implementation-
dependent (UV062) row that qualifies.

DEV_SAMP; redundant duplicates are not remgved from the rows that qualify when computing these
ions.

pinary aggregate functions take a pair of'‘arguments, the <dependent variable expression> and the
ependent variable expression>, whichare both <numeric value expression>s. Any row in whigh
r argument evaluates to the nullvalue is removed from the rows that qualify. If there are no rqws

qualify, then the result of REGR'COUNT is 0 (zero), and the other binary aggregate functions result
e null value. Otherwise, the-Gomputation 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 <deperldent
variable exprgssion> 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 thg 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).
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CORR isspecified thenthe correlationcoefficient-definedastheratio-ofthe populatiencoevariance
divided by the product of the population standard deviation of <independent variable expression>
and the population standard deviation of <dependent variable expression>.

If REGR_R?2 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>.

Ther
distr
shall
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e are two inverse distribution functions, PERCENTILE_CONT and PERCENTILE_DISC. Both-inverse
bution functions specify an argument and an ordering of a value expression. The value of thé argument
be between 0 (zero) and 1 (one) inclusive. The value expression is evaluated for each row th
fies, 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 indicgted
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 collection of rows that qualify as a window parfition
of the CUME_DIST window function, using the specified ordering efthe value expression as tlte
window ordering, and returning the first value expression whose.cumulative distribution value is
greater than or equal to the argument.

The hiypothetical set functions are related to the window functions RANK, DENSE_RANK, PERCENT_RANK,

and (

UME_DIST, and use the same names, though with a different syntax. These functions take an argument

row

l an ordering of a value expression VE. VE is evaluated-for all rows that qualify. This collection|of

¢s is augmented with A4; the resulting collection is treated as a window partition of the corresponding

hetical set function is the value of the eponymous window function for the hypothetical “row] that

pattern measure is a named scalar expression whose value is computed based on a match foynd
w pattern recognitiop A Tow pattern measure is accessed using a row pattern measure column (if
battern recognitionds,performed using <row pattern recognition clause>) or a row pattern measure
ion (if row pattern recognition is performed using a window). Row pattern measures are spe¢ified

Jure definition> defines a row pattern measure, with a <measure name> whose value is specifi¢d by

<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.

<match number function>, which returns the sequential number of the current retained row pattern
match within its row pattern partition. (<match number function> is not available 