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Foreword

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

work.

The proc
described
different
rules

wWww.iec.

pdures used to develop this document and those intended for its further mainte

1ance are

in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the

ypes of document should be noted. This document was drafted in accordande with th

b editorial
fes or

of the ISO/IEC Directives, Part 2 (see www.is@org/directiy
th /members experts/refdocs).

ISO and II
use of (a)
claimed p
not receiy
implemer
from the |

C draw attention to the possibility that the implementation of this“document may imvolve the

patent(s). ISO and IEC take no position concerning the evidence,validity or applicab
ptent rights in respect thereof. As of the date of publicatiomefthis document, ISO ang
red notice of (a) patent(s) which may be required totimplement this document.
ters are cautioned that this may not represent the latest information, which may be
batent database available at www.iso.org/patents@and https://patents.iec.ch. ISO anc

not be held responsible for identifying any or all such patént rights.

Any tradg
constitutg

For an e
expressio
Trade O
WWW.iso.

name used in this document is information‘given for the convenience of users ang
an endorsement.

xplanation of the voluntary nature’of standards, the meaning of ISO specific t
ns related to conformity assessment, as well as information about ISO's adherence to
rganization (WTO) principles in the Technical Barriers to Trade (T
brg /iso/foreword.html. In'the IEC, see www.iec.ch/understanding-standards.

This docy
Subcomm

Iment was prepared by Joint Technical Committee ISO/IEC JTC 1, Information te
ittee SC 32, Data management and interchange.

This sixtt, edition caneels and replaces the fifth edition (ISO/IEC 9075-1:2016), which

technicall

The main

revised.dt-also incorporates the Technical Corrigendum ISO/IEC 9075-1:2016/Cor

changes are as follows:

ity of any
| IEC have
However,
obtained
| IEC shall

does not

erms and
the World
BT) see

pchnology,

has been
1:2022.

— addit

o | L b= £l = | . = . i b
Ul 4dlIU TCTIHITIITIIU UL UIC LTHIIS - dITU CULILTPLS LU SUpPpPUTL  TITW Udtd - Ly pPtsS IT

incremental parts;

uired by

— clarification and correction of the merge instructions for Technical Corrigenda and incremental
parts;

— 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.
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This sixth edition of ISO/IEC 9075-1 is designed to be used in conjunction with the following editions of
other parts of the ISO/IEC 9075 series, all published 2023:

— ISO/IEC 9075-2, sixth edition;
— ISO/IEC 9075-3, sixth edition;
— ISO/IEC 9075-4, seventh edition;

— ISO/IEC 9075-9, fifth edition;

— ISO/IEC 9075-10, fifth edition;

— ISO/IEC 9075-11, fifth edition;

— ISO/IEC 9075-13, fifth edition;

— ISO/IEC 9075-14, sixth edition;

— ISO/IEC9075-15, second edition;

— ISO/IEC 9075-16, first edition.

Alist of alll parts in the ISO/IEC 9075 series can be found of the ISO and IEC websites.
Any feedhack or questions on this document should be directed to the user’s national standargls body. A

complete [listing of these bodies can be found at wwi.iso.org/members.html and www.iec.chfnational-
committeps.
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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)

xii

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

Clause 2, “Normative references”, identifies additional standards that, through reference in this
document, constitute provisions of the ISO/IEC 9075 series.

Cla q—um tefimittors et defimit Hrrthisd

par

Cla
ISO

Clafise 6, “Notation and conventions used in other parts of the ISO/IEC 9075 series”, defines

and

Clapise 7, “Annexes to the parts of the ISO/IEC 9075 series”, describes the content of anne

oth

Clatpise 8, “Status codes”, defines values that identify the‘status of the execution of SQL-st

and

Cla]:se 4, “Concepts”, describes the concepts used in the ISO/IEC 9075 series.

s of:che ISO/IEC 9075 series.

se 5, “Parts of the ISO/IEC 9075 series”, summarizes the content of each‘of the parts
IEC 9075 series, in terms of the concepts described in Clause 4, “Concepts”.

conventions used in other parts of the ISO/IEC 9075 series.
br parts of the ISO/IEC 9075 series.

the mechanisms by which those values are returned.

1 in other

of the

notation

xes of

htements

Clapise 9, “Conformance”, specifies requirements that apply to claims of conformance to all or some

of t

Any
req

Any

which the body of this document states that the syntax, the meaning, the returned results,
$QL-data and/or schemas, drother aspect is partly or wholly implementation-defined

on

Any

which the body of this document states that the syntax, the meaning, the returned results,
$QL-data and/or-schemas, or other aspect is partly or wholly implementation-depend

on

Any
lan
isu

Any

he parts of the ISO/IEC 9075 series.

ex A, “SQL conformance summary”, is an-informative Annex. It summarizes the confqg
lirements of the SQL language.

ex B, “Implementation-defined elements”, is an informative Annex. It lists those featu

ex C, “Implementation-dependent elements”, is an informative Annex. It lists those fe

ex D, “SQL optional feature taxonomy”, is an informative Annex. It identifies features d
ruage specified in this document by an identifier and a short descriptive name. This t
sed to specify conformance.

ex E;*Deprecated features”, is an informative Annex. It lists features that the respons

rmance

res for
the effect
.

htures for
the effect
ent.

fthe SQL
1X0nomy

ible

Tec

nical Committee intends not to include in a future edition of this document

Annex E “Incompatibilities with ISO/IEC 9075:2016”, is an informative Annex. It lists incompatibil-
ities with the previous edition of this document.

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

Annex H, “Maintenance and interpretation of SQL”, is an informative Annex. It describes the formal

pro

cedures for maintenance and interpretation of the ISO/IEC 9075 series.
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18) Annex |, “Support for the use of inter-document links in the ISO/IEC 9075 series”, is an informative
Annex. It describes conventions that users of the ISO/IEC 9075 series use in order to maximize the
facilities provided in the parts of the ISO/IEC 9075 series.
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INTERNATIONAL STANDARD

ISO/IEC 9075-1:2023(E)

Information technology — Database language SQL —

Part 1:

Framework (SQL/Framework)

1 Scope

This dociment describes the conceptual framework used in other parts of the ISO/IEC9075 s

specify th

mentatioh.

This doc

e grammar of SQL and the result of processing statements in that language’by an SQll

ment also defines terms and notation used in the other parts oftheISO/IEC 9075 ser
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2 Normative references

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

nterface

ISO/IHC 9075-4, Information technology — Database languages — SQL —Part 4: Persistent Stored
Modules (SQL/PSM)

ISO/IHC 9075-9, Information technology — Database languages —.SQL — Part 9: Managema@nt of
Externpl Data (SQL/MED)

ISO/IHC 9075-10, Information technology — Database languages — SQL — Part 10: Object Language
Bindings (SQL/OLB)

ISO/IHC 9075-13, Information technology — Database languages — SQL — Part 13: SQL Routines and
Types Using the Java™ Programming Language (SQL/JRT)

ISO/IHC 9075-14, Information technology*— Database languages — SQL — Part 14: XML-Rel|ated
Specifirations (SQL/XML)

ISO/IHC 9075-15, Information technology — Database languages — SQL — Part 15: Multidimensional
Arrays|(SQL/MDA)

ISO/IHC 9075-16, Information technology — Database languages — SQL — Part 16: Property Graph
Querief (SQL/PGQ)

ISO/IHC 10646:2020, Information technology — Universal Multi-Octet Coded Character Set ({JCS)

ISO/IHC 14651y Information technology — International string ordering and comparison — Method for
compayingcharacter strings and description of the common template tailorable ordering
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

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

— ISO

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

— IEC

3.1

3.1.1
characte
member

Note 1 to

documer;t, when the relevant character repertoire is UCS, a charactet-¢can be thought of as that

represen
[SOURCE

3.2

3.2.1
atomic, g
incapablg

3.2.2
column
field of th

3.2.3
compilat
segment

3.24
data typ
set of rep

3.2.5

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

Definitions taken from ISO/IEC 10646:2020

r
bf a set of elements used for the organization, control, or representation of textual da

ed by one code point.
ISO/IEC 10646:2020, 3.5]

Definitions provided in this document

dj.
of being subdivided

e row type of a table

ion unit
pf executable code, possibly consisting of one or more subprograms

a)

resentable values

descript

I

coded description of the metadata of an SQL object

3.2.6
field

(field name, data type) pair

Note 1 to
3.2.7

identifie
object by

entry: A value of a field is a value of its data type.

r
which something is identified
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3.2 Definitions provided in this document

3.2.8
identify, verb
to reference something without ambiguity

3.2.9

implementation-defined, adj.

possibly differing between SQL-implementations, but specified by the implementor for each particular
SQL-implementation

3.2.10

implementation-dependent, adj.
possibly differing between SQL-implementations, but not specified by the ISO/IEC 9075 sernied, and not
required to be specified by the implementor for a particular SQL-implementation

3.2.11
instance
<of a valye> physical representation of a value

Note 1 tolentry: Each instance is at exactly one site. An instance has a data type that is the data type of
its value.

3.2.12
null value

special vdlue that is used to indicate the absence of any data value

3.2.13
object
<as in “x pbject”> thing that is a component of, or is otherwise associated with, some x and carnot exist
independently of that x

Note 1 tolentry: For example, an SQL object is an object that exists only in the context of SQL; an SQL-
schema dbject is an object that exists in some-SQL-schema.

3.2.14
persistent, adj.
continuing to exist indefinitely, untildestroyed deliberately

Note 1 to|entry: Referential and cascaded actions are regarded as deliberate. Actions incidentjl to the
termination of an SQL-transaction or an SQL-session are not regarded as deliberate.

3.2.15
property
<of an objject> attribute, quality, or characteristic of the object
3.2.16
row

Value Of" YOSAL f}Ipﬂ’ 1Le y a cnqnnhr‘n ﬂF Flﬂ]{" ‘YQIIIDC; Fnr' ro\A/S 11N 9 fﬂ]"\]ﬂ' ba Cﬂqllﬂhf‘ﬂ f\‘F rn]nmn AVss] ues

3.2.17

scope

<of a standard> clause in the standard that defines the subject of the standard and the aspects covered,
thereby indicating the limits of applicability of the standard or of particular parts of it

3.2.18

scope

<ofaname or declaration> one or more BNF non-terminal symbols within which the name or declaration
is effective

4 © ISO/IEC 2023 - All rights reserved


https://iecnorm.com/api/?name=106a71f3eddf752c9c89c20309a1c1dc

3.2.19
scope

ISO/IEC 9075-1:2023(E)
3.2 Definitions provided in this document

<of a reference type> table that a value of that reference type references

3.2.20

sequence
ordered collection of objects that are not necessarily distinct

3.2.21
site

place occupied by an instance of a value of some specified data type (or subtype of that data type)

3.2.22
SQL-con
associati

3.2.23
SQL-env

hection
n between an SQL-client and an SQL-server

ronment

context ip which SQL-data exists and SQL-statements are executed

3.2.24

SQL-impllementation

processo

Note 1 to
ments fo1

3.2.25
SQL-sess
context \

I that processes SQL-statements

entry: A conforming SQL-implementation is an SQL-implementation that satisfies the
SQL-implementations as defined in Clause 9, “Conformance”.

ion
rithin which a single user, from a single SQL-agent, executes a sequence of consecutiv

statemenits over a single SQL-connection

3.2.26

SQL-stat
string of
9075 ser

3.2.27
table

Pment
Characters that conforms to the Format and Syntax Rules specified in the parts of the
es

collection of zero or more rows

3.2.28

whitespace

sequencg

of one-or more characters that have the Unicode property White_Space

require-

e SQL-

[SO/IEC
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4 Concepts

4.1 Whatis SQL?

The name “SQL” is correctly pronounced “ess cue ell,” instead of the somewhat common “sequel”. SQL,

specified in the parts ofthe ISO/IEC 9075 series, is a database Ianguage (more prec1sely, a data sublan-
guage) uge : ha Hatabase
manage ent systems (RDBMS).

NOTE [l — Many books and articles “define” SQL by parenthetically claiming that the letters stand for“Structufed Query
Langupge”. While this was undoubtedly true for the original prototypes, it is not true of the standard, When th¢ letters
appear in product names, they have often been assigned this meaning by the product implementogs,but users ate ill-served
by claijms that the word “structured” accurately describes the language. In the SQL standard, the Ietters do notfstand for
anythipg at all. There are afficionados who assert that the letters stand for “SQL Query Language”, a recursive dcronym in
the tradition of GNU (GNU’s Not Unix) and SPARQL (SPARQL Protocol And RDF Query Language).

SQL is bafsed on, but is not a strict implementation of, the relational model‘of data Relational Model,
making SQL “pseudo-relational” instead of truly relational. There are two principal ways in wHich SQL
breaks frpm the relational model.

—  Thqrelational model requires that every relation® have tio duplicate rows (that is, rows fpr which
all ¢orresponding attributes have equal values). A consequence of this requirement is that every
reldtion has a primary key. SQL does not enforce this requirement, but provides syntax thqt permits
application developers to enforce the requirementyas needed.

— Thgrelational model does not specify or recoghize any sort of flag or other marker that r¢presents
unspecified, unknown, or otherwise missing data values. Consequently, the relational mode] depends
only on two-valued (true/false) logic. SQEzprovides a “null value” that serves this purpose. Ih support
of nlull values, SQL also depends on three-valued (true/false/unknown) logic.

The SQL standard defines two distinctaspects of the language: a data definition language (knojwn in the
standard|as a “schema manipulationlanguage” that supports the creation and destruction of database

objects, sjuch as tables, columns, and integrity constraints; and a data manipulation language that allows
the retrigval, creation, modifieation, and deletion of data.

An especjally important ¢characteristic of SQL is that it is declarative (as opposed to procedural) i nature.’
That is, SQL's syntax and semantics allow application writers to specify the rules by which resiilts may
be compuited by an<SQL system, rather than specifying the algorithms by which those results must be
computed. This contrasts with earlier database languages that required the details specification of step-
by-step a[gorithms to retrieve, filter, and format the data required by applications.

4_ 2 Icoaoftormc
. OSCOTTCTIIS

The concepts on which the ISO/IEC 9075 series is based are described in terms of objects, in the usual
sense of the word.

Some objects are a component of an object on which they depend. If an object ceases to exist, then every
object dependent on that objects also ceases to exist. The metadata representation of an object is known
as a descriptor. See also Subclause 6.3.4, “Descriptors”.

1 Terms defined by the relational model are used correctly in this Subclause, but are not defined or explained in this document;
readers are referred to the formal specification of the relational model.

2 ISO/IEC 9075-4, specifies a number of SQL statements that provide a procedural capability through which procedures
and functions can be written entirely in SQL. Procedural programs can also be written in ordinary “host” programming
languages with embedded SQL statements.
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4.3 Caveat

4.3 Caveat

This Clause describes concepts that are, for the most part, specified precisely in other parts of the ISO/IEC
9075 series. In any case of discrepancy, the specification in the other part is to be presumed correct.

4.4 SQL-environments and their components

441 SQL-environments

An SQL-environment comprises:

— ongSQL-agent;
— ongSQL-implementation;

—  zer( or more SQL-client modules, containing externally-invoked procedures available to fhe SQL-
agept;

— zerp or more authorization identifiers;
—  zerp or more user mappings;
— zerd or more routine mappings;

— zer( or more catalogs, each of which contains one or more SQL-schemas, zero or more fgreign
seryer descriptors, and zero or more foreign-data wrapper descriptors;

— thegpites, principally base tables, that contain SQL-data, as described by the contents of theschemas;
thiq data may be thought of as “the database”, butthe term is not used in the ISO/IEC 9075 series,
bechuse it has different meanings in the more general context.

4.4.2 SQL-agents

An SQL-dgent is that which causes the execution of SQL-statements. In the case of the direct inyocation
of SQL (sge Subclause 5.3.2.4, “Direct inwocation of SQL”), it is implementation-defined (IW002). Alter-
natively, it may consist of one or more compilation units that, when executed, invoke externally-invoked
procedurjes in an SQL-client module.

4.4.3 SQL-implementations

4.4.3.1 Introduction to SQL-implementations

An SQL-implementdtion is a processor that executes SQL-statements, as required by the SQL-agent. An

SQL-implementation, as perceived by the SQL-agent, includes one SQL-client, to which that SQL-agent is
bound, annd one or more SQL-servers. An SQL-implementation is able to conform to ISO/IEC 9075 without
allowing morethan one SQL-server to exist in an SQL-environment.

Because an SQL-implementation can be specified only in terms of how it executes SQL-statements, the
concept denotes an installed instance of some software (database management system). ISO/IEC 9075
does not distinguish between features of the SQL-implementation that are determined by the software
implementor and those determined by the installer.

ISO/IEC 9075 recognizes that SQL-client and SQL-server software may have been obtained from different
implementors; it does not specify the method of communication between SQL-client and SQL-server.

4.4.3.2 SQL-clients

An SQL-client is a processor, perceived by the SQL-agent to be part of the SQL-implementation, that
establishes SQL-connections between itself and SQL-servers and maintains a diagnostics area and other
state data relating to interactions between itself, the SQL-agent, and the SQL-servers.
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When one or more SQL-connections have been established for an SQL-client, the diagnostics area main-
tained by that SQL-client is a copy of the first diagnostics area in the diagnostics area stack (see
Subclause 4.10.5, “Diagnostic information”) maintained by the SQL-server of the current SQL-connection.
When no SQL-connection exists, the diagnostics area is either empty or contains diagnostics information
pertaining to some failed SQL-connection.

4.4.3.3 SQL-servers

Each SQL-server is a processor, perceived by the SQL-agent to be part of the SQL-implementation, that
manages SQL-data.

Each SQIL[-server:
— manages the SQL-session taking place over the SQL-connection between itself and the’'SQL-client;
—  exefutes SQL-statements received from the SQL-client, receiving and sending data'as required;

— maintains the state of the SQL-session, including the authorization identifierand certain|session
defaults.

4.4.4 SQL-client modules

An SQL-client module is a module that is explicitly created and dropped by implementation-defined
(IW003) mechanisms.

An SQL-client module does not necessarily have a name; if it-d@es, the permitted names are implemen-
tation-defined (IA094).

An SQL-client module contains zero or more externally-invoked procedures. An externally-invoked pro-
cedure cdnsists of a single SQL-statement. An externally-invoked procedure is invoked from a compilation
unit of a host language.

Exactly ohe SQL-client module is associated with an SQL-agent at any given time. However, in the case
of either firect binding style or SQL/CLI, this may be a default SQL-client module whose existehce is not
apparent]to the user.

4.4.5 User identifiers

A user idéntifier represents a tiser. The means of creating and destroying user identifiers, and their
mapping|to real users, is not\specified by the ISO/IEC 9075 series.

4.4.6 Roles

A roleis 4 potential' grantee and grantor of privileges and of other roles. A role can also own schpmas and
other objects,

A role authotization permits a grantee (see Subclause 4.8.11, “Privileges”) to use every privilege granted
to the role Tt also indicates whether the role authorization 1S grantable, In which case the grantee is
authorized to grant the role, to revoke a grant of the role, and to destroy the role.

4.4.7 User mapping concepts
A user mapping pairs an authorization identifier with a foreign server descriptor.
4.4.8 Routine mapping concepts

A routine mapping pairs an SQL-invoked routine with a foreign server descriptor.

NOTE 2 — In this revision of the ISO/IEC 9075 series, the SQL-invoked routine that is paired with a foreign server descriptor
is restricted to be an SQL-invoked regular function. It is possible that this restriction will not appear in future editions.
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4.4.9 Catalogs and schemas

4.49.1 Catalogs

A catalog is a named collection of SQL-schemas, foreign server descriptors, and foreign data wrapper
descriptors in an SQL-environment. The mechanisms for creating and destroying catalogs are implemen-
tation-defined (IW005).

The default catalog name for <preparable statement>s that are dynamically prepared in the current SQL-
session through the execution of <prepare statement>s and <execute immediate statement>s is initially
implementation-defined (ID006) but may be changed by the use of <set catalog statement>s.

4.4.9.2 SQL-schemas

An SQL-s¢hema, often referred to simply as a schema, is a persistent, named collection.of descriptors. An
object whose descriptor is in some SQL-schema is known as an SQL-schema object.

A schemg, the schema objects in it, and the SQL-data described by them are said.to be owned by the
authorizgtion identifier associated with the schema.

SQL-schegmas are created and destroyed by execution of SQL-schema statements (or by implemlentation-
defined (JW006) mechanisms).

4.4.9.3 Information Schema

Every catplog contains an SQL-schema with the name INFORMATION_SCHEMA that includes the d¢scriptors
of a number of schema objects, mostly view definitions, thdt together allow every descriptor in that
catalog t¢ be accessed, but not changed, as though it was-SQL-data.

The data available through the views in an InformatiofySchema includes the descriptors of the Information
Schema ifself. It does not include the schema objeets or base tables of the Definition Schema (gee
Subclausg 4.4.9.4, “Definition Schema”).

Each Infdrmation Schema view is so specified that a given user can access only those rows of the view
that reprgsent descriptors on which that'user has privileges.

4.4.9.4 Definition Schema

The definjition schema is a fictitious schema with the name DEFINITION_SCHEMA,; if it were to gxist, the
SQL-datdin its base tables\would describe all the SQL-schemas available in a catalog. The ISOIEC 9075
series defines it only in order to use it as the basis for the views of the Information Schema.

The struqture of theefinition Schema is a representation of the data model of SQL.

4.4.10 | Foreign servers and descriptors

A foreignlserver is a processor that is not part of the SQL-implementation. A foreign server is described
by a foreign server descriptor. A foreign server manages data that is not part of the SQL-environment.
An SQL-server and an SQL-client can use a foreign server descriptor, which is a catalog element, to com-
municate with a foreign server. The data managed by a foreign server can be accessed by an SQL-server
or an SQL-client through foreign tables, which are SQL-schema elements.

4.4.11 Foreign-data wrappers and descriptors

A foreign-data wrapper provides the mechanism by which an SQL-server can access the data that is
managed by a foreign server. A foreign-data wrapper is described by a foreign-data wrapper descriptor.
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4.4.12 SQL-data

SQL-data is data described by SQL-schemas — data that is under the control of an SQL-implementation
in an SQL-environment.

4.5 Tables

A table is a collection of zero or more rows where each row is an instance of the row type of the table. In
general, rows in a table are unordered; however, rows in a table are ordered if the table is the result of
a <query expre551on> that 1mmed1ately contains an <order by clause>. The columns of a table are the
fields of th : : ly one

SQL-data[consists entirely of table variables, called base tables. An operation that refererices zerp or more
base tables and returns a table is called a query. The result of a query is called a derived table. The rows

The rowd of a table have a type, called “the row type”; every row of a table has‘the same row type, which
is also the row type of the table. A table that is declared to be based on somle structured type ig called a

“typed taple”; its columns correspond in name and declared type to the attributes of the structyred type.
Typed tables have one additional column, called the “self-referencing column” whose type is a feference
type assdciated with the structured type of the table.

If a typed|table TB1 has an associated structured type TP1 thatis a-subtype of some other structfired type
TPZ2, ther] TB1 can be defined to be a “subtable” of a typed table TB2 whose associated type is TP2; TB2
is, in this|case, a “supertable” of TB1.

Aview isp named query, which can be invoked by usé«pfthis name. The result of such an invodation is
called a vjewed table.

Some quéries, and hence some views, are updatable, meaning they can appear as targets of statements
that chanige SQL-data. The results of changes-expressed in this way are defined in terms of corresponding
changes fo base tables.

No two cplumns of a base table or a viewed table can have the same name. Derived tables, othé¢r than
viewed tables, may contain more than one column with the same name.

A base taple is either a schema.object (its descriptor is in a schema; see Subclause 4.8.5, “Base tpbles and
their components”) or a module object (its descriptor is in a module; see Subclause 4.11, “Modules”). A
base table whose descriptoris in a schema is called a created base table, and may be either perfistent or
temporatly (though its descriptor is persistent in either case). A persistent base table contains 0| (zero) or
more rows of persistent SQL-data. A persistent base table is either a regular persistent base table or a

system-vdrsioned table. System-versioned tables differ from regular persistent base tables in tyo major
respects:

—  system+<versioned tables have two columns of datetime type whose values are generated [automat-
ically;

— the update and delete operations on system-versioned tables maintain those columns and have
additional side effects.

A base table declared in a module is always a temporary table, and is called a declared local temporary
table.

A temporary table is an SQL-session object that cannot be accessed from any other SQL-session. A global
temporary table can be accessed from any associated SQL-client module. A local temporary table can be
accessed only from the module to which it is local.
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A temporary table is empty when an SQL-session is initiated and it is emptied (that is, all its rows are
deleted) either when an SQL-transaction is terminated or when an SQL-session is terminated, depending
on its descriptor.

4.6 SQL data types

4.6.1 General data type information

Every data value belongs to some data type.

Every data type is either predefined, constructed, or user-defined. Every data type has a name. The name
of a predgfined or constructed data type is a reserved word specified by that part of the ISO/ALEC 9075

series that specifies the data type. The name of a user-defined type is provided in its definitio1]. A user-
defined data type is a schema object; see Subclause 4.8.4, “User-defined types”.

A predefined data type is a data type specified by the ISO/IEC 9075 series, and is thetefore prqvided by
the SQL-implementation. A data type is predefined even though the user is required (or allowgd) to
provide dertain parameters when specifying it (for example, the precision of d-aumber).

A predefined data type is atomic. An atomic type is a data type whose valuesare not composed|of values
of other data types. The existence of an operation (SUBSTRING, EXTRAET) that is capable of s¢lecting
part of a tring or datetime value does not imply that a string or datétime is not atomic.

A constrycted type is either atomic or composite. A composite type is a data type each of whode values
is compoped of zero or more values, each of a declared data type.

4.6.2 Null value

Every data type includes a special value, called the null value, sometimes denoted by the keyward NULL.
This valug differs from other values in the followinhg respects.

—  Singe the null value is in every data typeythe data type of the null value implied by the keyword
NULL cannot be inferred; hence NULE-¢can be used to denote the null value only in certain|contexts,
rat:[er than everywhere that a literalis permitted.

—  Although the null value is neither equal to any other value nor not equal to any other valye — it is
unkinown whether or not it is.equal to any given value — in some contexts, multiple null yalues are
tregted together; for example, the <group by clause> treats all null values together.

4.6.3 Predefined types
4.6.3.1 Numeric types

There ar¢ three-€lasses of numeric type: exact numeric, which includes integer types and typeqd with
specified|precision and scale; approximate numeric, which is essentially binary floating point, and for
which a preciSion may optionally be specified; and decimal floating point, which is essentially flecimal
floating point. A precision may optionally be specified for both approximate numeric and decimal floating
point types.

Every number has a precision (number of digits), and exact numeric types also have a scale (digits after
the radix point). Arithmetic operations may be performed on operands of different or the same numeric
type, and the result is of a numeric type that depends only on the numeric type of the operands. If the
result cannot be represented exactly in the result type, then whether it is rounded or truncated is
implementation-defined (IA002). An exception condition is raised if the result is outside the range of
numeric values of the result type, or if the arithmetic operation is not defined for the operands.
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4.6.3.2 Character string types

Avalue of character string type is a string (sequence) of characters drawn from some character repertoire.
The characters in a character string S are all drawn from the same character set CS. If S is the value of
some expression E, then CS is the character set specified for the declared type of E. A character string
type is either of fixed length, or of variable length up to some implementation-defined (IL001) maximum.
A value of character large object type is a string of characters from some character repertoire and is
always associated with exactly one character set. A large object character string is of variable length, up
to some implementation-defined (IL002) maximum that is probably greater than that of other character
strings.

A character string may be specified as being based on a specific character set by specifying GHARACTER
SET in the data type; a particular character set chosen by the SQL-implementation to be thie adtional
characteff set may be specified by specifying NATIONAL CHARACTER, NATIONAL CHARACFER VARYING,
or NATIONAL CHARACTER LARGE OBJECT (or one of several syntactic equivalents) as.the data type.

4.6.3.3 Binary string types

A value of binary string type is a string (sequence) of octets. A binary string{type is either of fixed length
or of varipble length, up to an implementation-defined (IL003) maximum<A value of binary lafge object
type is a §tring of octets. A binary large object string is of variable length)up to some implemerjtation-

defined (JLO04) maximum that is probably greater than that of other’binary strings.

4.6.3.4 Boolean type

A value of the Boolean data type is either True or False. The'truth value of Unknown is sometin]es repre-
sented by the null value.

4.6.3.5 Datetime types

There ar¢ three datetime types, each of which specifies values comprising datetime fields.

Avalue of data type TIMESTAMP comprises values of the datetime fields YEAR (between 0001 and 9999),
MONTH, DAY, HOUR, MINUTE and SECOND.

Avalue 0[ data type TIME comprises-values of the datetime fields HOUR, MINUTE and SECONI.

A value of data type DATE comprises values of the datetime fields YEAR (between 0001 and 9999),
MONTH, and DAY.

A value of DATE is a valid-Gregorian date. A value of TIME is a valid time of day.
TIMESTAMP and TIME may be specified with a number of (decimal) digits of fractional seconds precision.

TIMESTAMP and TIME may also be specified as being WITH TIME ZONE, in which case every vialue has
associateld with it a time zone displacement. In comparing values of a data type WITH TIME Z(QNE, the

value of thexMime zone diqp]m‘pmpnf is diqrpggrdpd

4.6.3.6 Interval types

A value of an interval type represents the duration of a period of time. There are two classes of intervals.
One class, called year-month intervals, has an interval precision that includes a YEAR field or a MONTH
field, or both. The other class, called day-time intervals, has an express or implied interval precision that
can include any set of contiguous fields other than YEAR or MONTH.

4.6.3.7 XML type

Values of the XML type are called XML values.

12 © ISO/IEC 2023 - All rights reserved


https://iecnorm.com/api/?name=106a71f3eddf752c9c89c20309a1c1dc

ISO/IEC 9075-1:2023(E)
4.6 SQL data types

4.6.3.8 JSON type
Values of the JSON type are called SQL/JSON values.
4.6.4  Constructed atomic types: reference types

A reference type is a constructed data type, a value of which references (or points to) some site holding
a value of the referenced type. The only sites that may be so referenced are the rows of typed tables. It
follows that every referenced type is a structured type.

4.6.5 Constructed composite types

4.6.5.1 Collection types
A collectipn comprises zero or more elements of a specified data type known as the element type.

An array|is an ordered collection of not necessarily distinct values, whose elements.are refereced by
their ord]nal position in the array.

An array [type is specified by an array type constructor.

An MD-afray is an ordered collection of not necessarily distinct values, whose elements are referenced
by their doordinate in the MD-array.

An MD-array type is specified by an MD-array type constructor.
A multisdt is an unordered collection of not necessarily distinct values.

A multisdt type is specified by a multiset type constructor:

4.6.5.2 Row types

A row type is a sequence of one or more fieldszAvalue of a row type is the sequence of values ofjits fields.

4.7  Bites and operations o1 sites

4,71 Sites

A site is a place that holds an instance of a value of a specified data type. Every site has a defingd degree
of persisfence, independentofits data type. A site that exists until deliberately destroyed is sald to be
persistent. A site that nedessarily ceases to exist on completion of a compound SQL-statement, at the end
of an SQlf-transaction, 0rat the end of an SQL-session is said to temporary. A site that exists o1]ly for as
long as ngcessary tohold an argument or returned value is said to be transient.

special kind'of site, in that constraints can be specified on its values, which the SQL-implementation is
required

As indica{ed above, the principal kind of persistent or temporary site is the base table. A base fable is a

oenforce (see Subclause 4.8.5.4, “Table constraints”).

Some sites may be referenced by their names — for example, base tables and SQL variables (see ISO/IEC
9075-4). Some sites may be referenced by a REF value. A site occupied by an element of an array may be
referenced by its element number.

4.7.2 Assignment

The instance at a site can be changed by the operation of assignment. Assignment replaces the instance
at a site (known as the target) with a new instance of a (possibly different) value (known as the source
value). Assignment has no effect on the reference value of a site, if any.
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4.7.3 Nullability

Every site has a nullability characteristic, which indicates whether it may contain the null value (is possibly
nullable) or not (is known not nullable). Only the columns of base tables may be constrained to be known
not nullable, but columns derived from such columns may inherit the characteristic.

No table can be null, though a table may have no rows.

4.8 SQL-schema objects
4.8.1

An SQL-schema object has a descriptor. The descriptor of a persistent base table describes a,pgrsistent
object that has a separate, though dependent, existence as SQL-data. Other descriptorsdescriije SQL
objects that have no existence distinct from their descriptors (at least as far as the ISO/IEC 905 series
is concerped). Hence there is no loss of precision if, for example, the term “assertion? is used when
“assertioh descriptor” would be more strictly correct.

Every scijema object has a name that is unique within the schema among objects of the name ¢lass to
which it belongs. The name classes are:

—  basg tables and views;

— domains and user-defined types;

— table constraints, domain constraints, and assertions;
—  SQIf-server modules;

—  triggers;

— SQl-invoked routines (specific names only; which are not required to be specified expliciftly, but if
notlare implementation-dependent (UV001));

— chafacter sets;
—  collptions;
—  trapgsliterations;

—  seqence generators(

object to [which theybelong. Thus columns are uniquely named components of base tables or yiews,
attributes are uniquely named components of structured types, and fields are uniquely named components
of row types.

Certain sfhema objects.have named components whose names are required to be unique With£l the

Some scheniaobjects may be provided by the SQL-implementation and can neither be created nor dropped
by a user.

4.8.2 Descriptors relating to character sets

4.8.2.1 Character sets

A character set has a named set of characters (character repertoire) that may be used for forming values
of the character string type, as well as a named character encoding form. Every character set has a default
collation. Character sets provided by the SQL-implementation, whether defined by other standards or
by the SQL-implementation, are represented in the Information Schema.

When characters are contained entirely within an SQL-implementation, the methods for encoding them
and for collecting them into strings are implementation-dependent (UW001). When characters are
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exchanged with host programs or other entities outside of the SQL-implementation, the character sets
also have an encoding, which specifies the bits used to represent each character, and a character encoding
form, which specifies the scheme used to collect characters into strings.

The character repertoire of every character set supported by an SQL-implementation is some subset of
the repertoire of the Universal Character Set specified by ISO/IEC 10646:2020.

The notation specified in ISO/IEC 10646:2020, Subclause 7.5, “Short identifiers for code points (UIDs)”,
is the canonical representation of characters and character strings in ISO/IEC 9075.

NOTE 3 — ISO/IEC 10646:2020 assigns a range of code points for “private use”. Future editions of ISO/IEC 10646:2020
are likely to add more code points, which SQL-implementations are required to support.

4.8.2.2 Collations
A collatidn is a named operation for ordering character strings in a particular character répertpire.

A site de¢lared with a character string type may be specified as having a collation) which is tresated as
part of it data type.

Every collation shall be defined by or derived from an International Standard’such as ISO/IEC[14651 or
by a Natipnal Standard, or shall be an implementation-defined (IA003) collation.

4.8.2.3 Transliterations

A transliteration is a named operation for mapping from a chatacter string of some character get into a
charactei| string of a given, not necessarily distinct, character$et. The operation is performed by ihvocation
of an ext¢rnal function identified by the name of the transliteration. Since an entire string is pgdssed to
this function and a string returned, the mapping is not.necessarily from one character to one character,
but may be from a sequence of one or more characters'to another sequence of one or more chracters.

4.8.3 Domains and their components

4.8.3.1 Domains

A domair] is a named user-defined objéct that can be specified as an alternative to a data type in certain
places where a data type can be specified. A domain consists of a data type, possibly a default option, and
zero or njore (domain) constraints:

4.8.3.2 Domain constraints

A domain|constraint appli€s to every column that is based on that domain, by operating as a table donstraint
for each guch column.

Domain donstraints apply only to columns based on the associated domain.

A domair constraint is applied to every value resulting from a cast operation to the domain.

4.8.4 User-defined types

4.8.4.1 Introduction to user-defined types

A user-defined type is a schema object, identified by a <user-defined type name>. A user-defined type is
either a distinct type or a structured type.

4.8.4.2 Distinct types

A distinct type is a user-defined data type that is based on some predefined type or collection type. The
collection type on which a distinct type is based shall not be an MD-array type. The values of a distinct
type are represented by the values of the type on which it is based.
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An argument of a distinct type can be passed only to a parameter of the same distinct type. This allows
precise control of what routines can be invoked on arguments of that data type.

4.8.4.3 Structured types

A structured type is a named, user-defined data type. An attribute is a named component of a structured
type. Each attribute of a structured type has a data type and a default value.

A value of a structured type comprises a number of attribute values. Attribute values are said to be
encapsulated; that is to say, they are not directly accessible to the user, if at all. An attribute value is
accessible only by invoking a function known as an observer function that returns that value. A value of
a structufed type can also be accessed by a locator.

A structufed type may be defined to be a subtype of another structured type, known as its direct qupertype.
A subtypg inherits every attribute of its direct supertype, and may have additional attributes of its own.
An exprefpsion of a subtype may appear anywhere that an expression of any of its supertypes i$ allowed
(this congept is known as substitutability). Moreover, the value of an expression may be a valug of any

subtype ¢f the declared type of the expression.

One or mjore base tables can be created based on a structured type. A basé table based on a strijuctured
type ST chn be a subtable of a base table based on a supertype of ST.

One or mjore views can be created based on a structured type. A view-based on a structured type ST can
be a subvjiew of a view based on a supertype of ST.

4.8.5 Base tables and their components

4.8.5.1 Base tables

A base taple is a site that holds a table value (see Subclause 4.5, “Tables”). All SQL-data is held {n base
tables.

If a base fable is based on a structured type)it may be a subtable of one or more other base tables that
are its supertables.

4.8.5.2 Columns
A columnis a field of the row type of the table. It is described by a column descriptor.
4.8.5.3 Periods

A period s an object associated with a single base table. A period definition for a given table agsociates
a period pame with:d pair of column names defined for that table. The columns shall both be of a|datetime
data typd and known not nullable. Further, the declared types of both columns shall be identicpl.

4.8.5.4 Table constraints

A table constraint is an integrity constraint associated with a single base table.

A table constraint is either a unique constraint, a primary key constraint, a referential constraint, or a check
constraint.

A unique constraint specifies one or more columns of the table as unique columns. A unique constraint
is satisfied if and only if no two rows in a table have the same non-null values in the unique columns.

A primary key constraint is a unique constraint that specifies PRIMARY KEY. A primary key constraint
is satisfied if and only if no two rows in a table have the same non-null values in the unique columns and
none of the values in the specified column or columns are the null value.
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Areferential constraint specifies one or more columns as referencing columns and corresponding referenced
columns in some (not necessarily distinct) base table, referred to as the referenced table. Such referenced
columns are the unique columns of some unique constraint of the referenced table. A referential constraint
is always satisfied if, for every row in the referencing table, the values of the referencing columns are
equal to those of the corresponding referenced columns of some row in the referenced table. If null values
are present, however, satisfaction of the referential constraint depends on the treatment specified for
nulls (known as the match type).

Referential actions may be specified to determine what changes are to be made to the referencing table
if a change to the referenced table would otherwise cause the referential constraint to be violated.

A table clieck constraint specifies a search condition. The constraint is violated if the result of the search
conditior] is False for at least one row of the table (but not if it is Unknown).

4.8.5.5 Triggers

A triggerlis an object associated with a single base table or a single viewed table./A trigger spegifies a
subject tdble, trigger event, a trigger action time, and one or more triggered actions.

A trigger event specifies what action on the subject table shall cause the triggered actions. A trigger event
is either INSERT, DELETE, or UPDATE.

A trigger|action time specifies whether the triggered action is to taken BEFORE, INSTEAD OF, ¢r AFTER
the triggér event.

A triggered action is either an <SQL procedure statement> 6rBEGIN ATOMIC, followed by one|or more
<SQL procedure statement>s terminated with <semicolon=s, followed by END.

4.8.6 View definitions

Aview (strictly, a view definition) is a named queryythat may for many purposes be used in the §ame way
as a baseltable. Its value is the result of evaluating the query. See also Subclause 4.5, “Tables”.

4.8.7 Assertions

An assertjon is a check constraint. Theconstraint is violated if the result of the search conditioh is False
(but not If it is Unknown).

4.8.8 SQL-server modules (defined in ISO/IEC 9075-4)
An SQL-server module is'a-module that is a schema object. See Subclause 4.11, “Modules”.
4.8.9 Schema routines

A schemq routine is an SQL-invoked routine that is a schema object. See Subclause 4.12, “Routipes”.

4.8.10 qunpnrp generators

A sequence generator is a mechanism for generating successive exact numeric values, one at a time. A
sequence generator is either an external sequence generator or an internal sequence generator. An external
sequence generator is a named schema object while an internal sequence generator is a component of
another schema object. A sequence generator has a data type, which shall be an exact numeric type with
scale 0 (zero). A sequence generator has a time-varying current base value, which is a value of its data
type. Refer to Subclause 4.29, “Sequence generators”, in ISO/IEC 9075-2 for details.

4.8.11 Privileges

A privilege represents a grant, by some grantor, to a specified grantee (which is either an authorization
identifier; a role, or PUBLIC), of the authority required to use, or to perform a specified action on, a specified

© ISO/IEC 2023 - All rights reserved 17


https://iecnorm.com/api/?name=106a71f3eddf752c9c89c20309a1c1dc

ISO/IEC 9075-1:2023(E)
4.8 SQL-schema objects

schema object. The specifiable actions are: SELECT, INSERT, UPDATE, DELETE, REFERENCES, USAGE,
UNDER, TRIGGER, and EXECUTE.

A privilege with grant option authorizes the grantee to grant that privilege to other grantees, with or
without the grant option.

A SELECT privilege with hierarchy option automatically provides the grantee with SELECT privileges on
all subtables, both existing subtables and all subtables that may be added in the future, of the table on
which the privilege is granted.

Every possible grantee is authorized by privileges granted to PUBLIC. SELECT with grant option is

t dt PRLIRLIC £ L. 1 3 lhaa ol 43 Caola
gran e I'UDLIGUIUIL CVCI)’ SULIICIIIA UUJ‘:LL ITT CLICT TINIUT TTIAdUIVUIT OCLHITTIIA.

An authoyization identifier who creates a schema object is automatically granted all possible privileges
on it, with grant option.

Only an apithorization identifier who has some privilege on a schema object is able tg @igcover its ¢xistence.

4.9 [ntegrity constraints and constraint checking

4.9.1 Constraint checking

There ar¢ two kinds of schema object that describe constraints: assettions and table constrainjts
(includinF domain constraints of domains on which columns of that table may be based), and they are
checked In the same way.

Table cornjstraints are either enforced or not enforced. Domain’constraints and assertions are alvays
enforced

Every comstraint is either deferrable or not deferraplé:

In every $QL-session, every constraint has a canstraint mode that is a property of that SQL-sesdion. Each
constrainit has a (persistent) default constraintmode, with which the constraint starts each SQL-trapnsaction
in each SQL-session.

A constrdint mode is either deferred por-immediate, and can be set by an SQL-statement, provided the
constrairt is deferrable.

When a transaction is initiated, the constraint mode of each constraint is set to its default.

On completion of executipnof every SQL-statement, every enforced constraint is checked whose dqonstraint
mode is immediate.

Before tefmination ofa transaction, every constraint mode is set to immediate (and therefore pvery
enforced |constraint is checked).

4.9.2 Deéterminism and constraints

Expression evaluation results may be non-deterministic. For example, in the case of a column whose data
type is varying character string, the value remaining after the elimination of duplicates may be different
on different occasions, even though the data is the same. This can occur because the number of trailing
whitespace characters may vary from one duplicate to another, and the value to be retained, after the
duplicates have been eliminated, is not specified by ISO/IEC 9075. Hence, the length of that value is non-
deterministic. In such a case, the expression is said to be a potential source of non-determinism (“potential”,
because it may be that all SQL-agents that ever update that column may remove trailing whitespace; but
this cannot be known to the SQL-implementation).

Certain predicates, said to be retrospectively deterministic, may contain CURRENT_DATE, CUR-
RENT_TIMESTAMP, or LOCALTIMESTAMP (potential sources of non-determinism), yet be deterministic
because they will remain True for all future time.
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Because a constraint or assertion that contains a potential source of non-determinism might be satisfied
at one time, yet fail at some later time, constraints and assertions must be retrospectively deterministic.

The generation expression of a generated column must not contain a potential source of non-determinism.
This insures that the value of a generated column is effectively determined at the last time the row was
inserted or updated.

A routine may claim to be deterministic; if it is not, then the effect of invoking the routine is implemen-
tation-dependent (UA002).

4.9.3 Consistency when deleting and updating multiple rows

Special C(I)nsiderations are required when certain SQL-statements (particularly <update statement:
searchedp, <delete statement: searched>, and <merge statement>) cause the modificatiofi‘or deletion of
an arbitrary number of rows in SQL tables. Those considerations are reflected in the General Rules of
various Subclauses within Clause 15, “Additional data manipulation rules”.

Those Supclauses within Clause 15, “Additional data manipulation rules”, depend on the concept of other
Subclausgs (including <update statement: searched>, <delete statement: searchied>, and <merjge state-

ment>) hiaving, as part of their processing, “marking” identified rows for dpdate processing or|deletion

processing. When those Subclauses, specifically Subclause 15.8, “Effect of deleting rows from bage tables”,
and Subc]ause 15.14, “Effect of replacing rows in base tables”, are invoked as a result of “applyjng” their
General Rules, they process collections of rows that have been “marked for replacement” or “mlarked for
deletion”|by other Subclauses.

Consequently, although Subclause 15.8, “Effect of deleting ¥ows from base tables”, and Subclayse 15.14,
“Effect ofreplacing rows in base tables”, are invoked as theugh they are “subroutines” (see Subclquse 6.3.7,
“Subclauses used as subroutines”), they have no explicibparameters. Instead, they operate on those col-
lections qf rows that have been previously marked for replacement or deletion.

4.10 Communication between an:'SQL-agent and an SQL-server

4.10.1 | Hostlanguages

A host lapguage is a programming laniguage that can be used to write an SQL-agent. For an SQll-imple-

mentatioh to communicate successfully with an SQL-agent, the latter must be written using a host{language
supported by the SQL-implementation. The set of host languages supported by an SQL-implementation
is implenjentation-defined (1A004).1SO/IEC9075-2,ISO/IEC9075-3,and ISO/IEC 9075-10 defing bindings
between pn SQL-implementation and several programming languages, mostly languages for which there
is an Intefrnational Standard. A conforming SQL-implementation is required to support at least one host
languagel|for which.the1SO/IEC 9075 series defines a binding.

There ar¢ several methods of communicating, known as binding styles.

—  Thq SQL-client module binding style (specified in ISO/IEC 9075-2). In this binding style, the user,

imaan imnlemeontation-defined (ITWQA07)Y mechanicm cnecifioes 2 maodule ta he used 3¢ -
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client module.

—  The Call-Level Interface (specified in ISO/IEC 9075-3). In this case, the SQL-agent invokes one of a
number of standard routines, passing appropriate arguments, such as a character string whose
value is some SQL-statement.

—  Embedded SQL (specified in ISO/IEC 9075-2 and ISO/IEC 9075-10). In this case, SQL-statements
are coded into the application program; an implementation-dependent (UW002) mechanism is
then used to do the following.

. Generate from each SQL-statement an externally-invoked procedure. These procedures are
collected together into a module, for subsequent use as an SQL-client module. In Object Lan-
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guage Bindings, described in ISO/IEC 9075-10, the roles of modules and procedures are served
by classes and their methods.

. Replace each SQL-statement with an invocation of the externally-invoked procedure or method
generated from it.

— Directinvocation of SQL (specified in ISO/IEC 9075-2). Direct invocation is a method of executing
SQL-statements directly, through a front-end that communicates directly with the user.

ISO/IEC 9075-2 specifies the actions of an externally-invoked procedure in an SQL-client module when
itis called by a hostlanguage program. ISO/IEC 9075-10 specifies the actions of a method of an SQL-client

Eaad 1 pa e L i
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4.10.2 | Source language character set

The text ¢f SQL language constructs is represented by characters as defined by ISO/IE€ 10646[:2020.
Except for <identifier>s and <character string literal>s, the specific characters are well-identifled by
ISO/IEC 9075 — they are all characters that appear in ISO/IEC 646 (although not every charagter in
ISO/IEC 646 is currently used in the representation of the SQL language) in the ranges of U+0021 through
U+007E. n addition, representation of SQL text requires the use of whitespace; minimally, U+0020, Space,
is requirgd, and it is implementation-defined (IA005) whether (and which) other Unicode characters
with the Unicode property White_Space are permitted to be used where ISO/IEC 9075 specifigs the use
of whitespace.

In <chardcter string literal>s, ISO/IEC 9075 permits the use of.every Unicode character, subjeqt to
implementation-defined (IA006) restrictions and further réstricted by the rules of the charactpr set
specified|by a <character set specification> immediately.contained in the <character string litdral>.
<character string literal>s should not contain charactersequivalent to U+0008, Backspace; this recom-
mendatign does not apply to character string values;stored in sites.

<identifig¢r>s shall not incorporate characters thatare equivalent to Unicode characters with Unicode
categorigs “Cc”, “Cf”, “Cn”, “Cs”, “Z1”, or “Zp”. <identifier>s should not incorporate characters that are

equivalent to Unicode characters with Unicode category “Co”3. <identifier>s should not incorporate
characteys that are equivalent to Unicode characters with Unicode category “Zs” other than U40020,
Space.
NOTE ¢t — The Unicode General Category classes “Cc”, “Cf”, “Cn”, “Cs”, “Z1”, and “Zp” are assigned to Unicode chafacters that
are, regpectively, Control codes (other), Formal Control codes, Not Assigned codes, Surrogates, Line Separators, angl Paragraph

Separdtors. Unicode General-Category class “Co” identifies private use characters. Unicode General Category class “Zs”
identiffies Space Separators'‘(whitespace).

4.10.3 | Parameterpassing and data type correspondences

4.10.3.1] General parameter passing and data type correspondence informatign

Each paranieter in the parameter list of an externally-invoked procedure has a name and a datp type.
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compilation unit is implementation-defined (IW008).

4.10.3.2 Data type correspondences

ISO/IEC 9075 specifies correspondences between SQL data types and hostlanguage data types. Not every
SQL data type has a corresponding data type in every host language.

3 The use of characters with Unicode General Category “Co” is likely to have serious effects on the portability of SQL code.
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4.10.3.3 Locators

Ahostvariable, host parameter, SQL parameter of an external routine, or the value returned by an external
function may be specified to be a locator. The purpose of a locator is to allow very large data instances
to be operated upon without transferring their entire value to and from the SQL-agent. Refer to
Subclause 4.37.5, “Locators”, in ISO/IEC 9075-2 for details.

4.10.3.4 Status parameters

Every externally-invoked procedure is required to have an output parameter called SQLSTATE, which is
known as a status parameter.

SQLSTATE is a character string of length 5, whose values are defined by the parts of the ISOYIEC 9075
series. Afj SQLSTATE value of '00000’ (five zeros) indicates that the most recent invocation of 4n
externally-invoked procedure was successful.

4.10.3.5 Indicator parameters

An indicafor parameter is an integer parameter that, by being specified immediately following a parameter
(other thpn an indicator parameter), is associated with it. A negative valué/inan indicator pargmeter
indicates|that the associated parameter is null. A value greater than zero,indicates what the length of the
value of the associated parameter would have been, had it not been @iecessary to truncate it. This may
arise with a character string and with certain other data types.

If a null vialue is to be assigned to a parameter that has no asso¢iated indicator parameter, ther] an
exception condition is raised.

4.10.4 | Descriptor areas

A descriplor area (not to be confused with a descriptor) is a named area allocated by the SQL-ithplemen-
tation at the request of the SQL-agent. A descriptor area is used for communication between the SQL-

implementation and the SQL-agent. There aréSQL-statements for transferring information befween the
SQL-ager{t and a descriptor area.

4.10.5 | Diagnostic information

A diagnoftics area is a communication area allocated by the SQL-implementation in which one or more
conditions are recorded as they.arise.

Whenever the SQL-implementation executes an SQL-statement (other than an SQL-diagnostics sthtement),
it sets values, represeriting one or more conditions resulting from that execution, in a diagnostics area.
These values give some indication of what has happened. They can be accessed by SQL-diagnogtics
statemerts. Exectition of an SQL-diagnostics statement does not cause any conditions to be re¢orded.

A conforming.SQL-implementation is not required to set more than one condition at the same ftime.

Multiple
happens in certain specific circumstances when execution of SS causes other SQL-statements to be
executed, synchronously, before the execution of SS is complete. The multiple diagnostics areas form a
pushdown stack, the first element of which contains information pertaining to the most recently executed
SQL-statement. Two examples of when additional diagnostics areas come into existence are when SS is
or contains a <call statement> and when execution of SS causes a triggered action to be executed.

4.10.6 SQL-transactions

An SQL-transaction (transaction) is a sequence of executions of SQL-statements that is atomic with respect
to recovery. That is to say: either the execution result is completely successful, or it has no effect on any
SQL-schemas or SQL-data.
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4.10 Communication between an SQL-agent and an SQL-server

Atany time, there is at most one current SQL-transaction between the SQL-agent and the SQL-implemen-

tation.

If there is no current SQL-transaction, execution of a transaction-initiating statement or evaluation of a

<subquery> will initiate one.

Every SQL-transaction is terminated by either a commit statement or a rollback statement. The execution

of either of these statements may be implicit.

An SQL-transaction has a transaction state. Certain properties of the transaction state are set by the
execution of SQL-statements. Such SQL-statements may be executed only when there is no SQL-transaction

[aY

current.
the conng¢ction to, an SQL-server, the properties are sent to that SQL-server.

£laa £ 4+ 3 4+ £i 4+ 3 retritiatad—that il o CAOT 1; i s
ITLHT TIT SU ULLAOIVUILL, dU UL dalttl a tIdallodUlLIUIT IS TITILIALUU, UI1dl LT O LCHTITU CULITITU LS

0, Oor sets

The trangaction access mode of an SQL-transaction indicates whether the transaction is read-only (is not

permitted to change any persistent SQL-data) or read-write (is permitted to change persistent S

The trangaction isolation level of an SQL-transaction specifies the extent to which,the effects of
by SQL-agents in the SQL-environment are perceived within that SQL-transaction.

Every isollation level guarantees that every SQL-transaction is executed; SQL-transactions not ¢
completdly fail completely. Every isolation level guarantees that no update is lost. The highest
level, SERIALIZABLE, guarantees serializable execution, meaning thatthe effect of SQL-transac
time is the same as the effect they would have had, had they not overlapped in time.

(QL-data).

actions

pxecuting
solation

fions that
[he other

levels of {solation, REPEATABLE READ, READ COMMITTED, and READ UNCOMMITTED, guaramtee pro-

gressively lower degrees of isolation.

4.11 odules

There ar¢ two kinds of modules, each of which haseertain properties and contains various kinlds of

module objects (also known as module contents). The principal module objects are one or more
(see Subglause 4.12, “Routines”).

A modulg is one of the following:
— an $QL-client module, containifig only externally-invoked procedures;

— an §QL-server module, containing only SQL-invoked routines.

4.12.1 | Generalroutine information

Table 1, “Relationships between externally-invoked and SQL-invoked routines”, shows the terr
for the vdrious possible combinations of routine written in SQL and written in another languag

routines

ns used
e, as well

as routings.invoked from SQL and routines invoked from another language.

Table 1 — Relationships between externally-invoked and SQL-invoked routines

Routines written in SQL Routines written in

languages other than SQL

cedures cedures

Routines invoked from SQL | SQL functions and SQL pro- | External functions and pro-

Routines invoked from lan- | Externally-invoked proced- | (not relevant to SQL)
guages other than SQL ures
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4.12 Routines

An SQL-invoked routine is a routine that can be invoked from SQL. It is either a function or a procedure.
Some functions have special properties that characterize them as methods.

An SQL-invoked routine is either a schema object or a component of an SQL-server module (itselfa schema
object).

An SQL-invoked procedure is a procedure invoked by an SQL call statement. An SQL-invoked function is
invoked by a routine invocation in some value expression.

An external routine is an SQL-invoked routine that references some compilation unit of a specified pro-
gramming language that is outside the SQL-environment. The mechanism and time of binding of such a

1 ot dafi A LIAIQQON
referencr 15 lllllJlClllCllLaLlUll UCLTITICU Ll LA UUUJ.

An SQL rgutine is an SQL-invoked routine whose routine body is written in SQL.

The nam¢ of an SQL-invoked routine is not required to be unique. If two or more routines'share{the same
name, that name is said to be overloaded, and an invocation of that name will causé-execution ¢f the
routine whose signature best matches the arguments of the invocation. Normally;only the declared types
of the expressions denoting the argument values are considered in determining)the best match, but in
the case ¢f methods, which are invoked using a distinguishing syntax, the most specific type of ¢ne of the
arguments is taken into consideration.

4.12.2 | Type preserving functions

If an SQL{invoked function has a parameter that is specified RESULT, that parameter is known 3s a result
parametdr, and if the data type of the result parameter and that of the result are the same user-defined

type, then the function is said to be a type preserving function. The result of a type preserving flinction is
the value|of the result parameter, possibly mutated.

Every mytator function is a type preserving functiofi.

4.13 PSQL-statements

4.13.1 | Classes of SQL-statements

An SQL-sfatement is a string of chatageters that conforms to the Format and Syntax Rules speciffed in one
of the parts of the ISO/IEC 9075 series.

Most SQIf-statements can be'prepared for execution and executed in an SQL-client module. In this case,
an externally-invoked precedure with a single SQL-statement is created when the SQL-statemgnt is pre-
pared angl that externally=invoked procedure is implicitly called whenever the prepared SQL-statement
is execut¢d.

There ar¢ at leastfive ways of classifying SQL-statements.

—  Accprding to their effect on SQL objects, whether persistent objects (i.e., SQL-data, SQL-schemas

an their r‘r\nfnnfc, or QQI _r‘linnt mndu]nc) or tnmpnrary nb}'nrtc (cur‘h as QQI -sessions-a 'ld Other

SQL-statements).

—  According to whether or not they initiate an SQL-transaction, or can, or shall, be executed when no
SQL-transaction is active.

—  According to whether or not they may be embedded in a program written in a host language.
—  According to whether or not they may be directly executed.
— According to whether or not they may be dynamically prepared and executed.

ISO/IEC 9075 permits SQL-implementations to provide additional, implementation-defined (IE005),
statements that may fall into any of these categories.
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4.13 SQL-statements

4.13.2 SQL-statements classified by function

The following are the broad classes of SQL-statements.

24

SQL-schema statements that can be used to create, alter, and drop schemas and schema objects.

SQL-data statements that perform queries, and insert, update, and delete operations on tables.
Execution of an SQL-data statement is capable of affecting more than one row, of more than one
table.

SQL-transaction statements that set parameters for, and start or terminate transactions.

SQI}-control statements that may be used to control the execution of a sequence of SQL.statements.

SQIi-connection statements that initiate and terminate connections, and allow an SQL-client to
swikch from an SQL-session with one SQL-server to an SQL-session with another.

SQI}-session statements that set some default values and other parameters-6fan SQL-session.

SQI}-diagnostics statements that get diagnostics (from the diagnostics,area) and signal exceptions
in SQL routines.

SQL-dynamic statements that support the preparation and execution of dynamically-genprated
SQI}-statements, and obtaining information about them.
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5 Parts of the ISO/IEC 9075 series

5.1 Overview

This document, Framework, is a prerequisite for all other parts, because it describes the basic
on which other parts are based and the notation used in them.

concepts

ISO/IEC 9075-2, Foundation, specifies the structure of SQL-statements and the effects of execut

Every paft of the ISO/IEC 9075 series other than parts 1 and 2 is specified as an amendment t
parts of the ISO/IEC 9075 series. See Subclause 6.3.6, “Relationships of parts within the'[SO/I}
series”, fr details.

ISO/IEC 9075-3, Call-Level Interface, specifies another mechanism of communigation between
agent andl an SQL-implementation.

ISO/IEC 9075-4, Persistent Stored Modules, specifies significant additiens to SQL itself by mak
computationally complete.

ISO/IEC 9075-9, Management of External Data, specifies significantadditions to SQL that perm
agent to 4ccess data not under the control of SQL-servers in thé SQL-environment.

ing them.
b other
C9075
an SQL-

ing SQL

tan SQL-

ISO/IEC 9075-10, Object Language Bindings, specifies the'thanner in which SQL statements cap be

embeddédd into Java programs.

ISO/IEC9075-11, Information and Definition Schemas, specifies views by which an application fnay learn

the namss of persistent database objects, such as tables, views, columns, etc.

ISO/IEC 9075-13, SQL Routines and Types Using the Java™ Programming Language, specifies t
to invokestatic methods written in the Java programming language as SQL-invoked routines a
classes defined in the Java programming language as SQL structured types.

he ability
hd to use

ISO/IEC 9075-14, XML-Related Specifications, defines ways in which Database Language SQL can be used

in conjurlction with XML.

ISO/IEC 9075-15, Multidimensional Arrays, defines ways in which Database Language SQL car
with multidimensional drray data.

ISO/IEC 9075-16, Rtoperty Graph Queries, defines ways that allow Database Language SQL to
property|graphs. and interact with them.

The conténtof éach part is described in the following subclauses.

be used

'epresent

5.2 ISO/IEC9075-1: Framework (SQL/Framework)

This document contains the following material.

— Adescription of an SQL-environment, and brief descriptions of the concepts used in the ISO/IEC

9075 series.

— Abrief description of the content of each part. These descriptions are purely informative
not constitute requirements.

and do

— Notations and conventions that apply to all or most parts of the ISO/IEC 9075 series. Other parts

specify further conventions as required.

© ISO/IEC 2023 - All rights reserved
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5.3 ISO/IEC 9075-2 Foundation (SQL/Foundation)

5.3 ISO/IEC 9075-2 Foundation (SQL/Foundation)

5.3.1

Introduction to ISO/IEC 9075-2 Foundation (SQL/Foundation)

ISO/IEC 9075-2 SQL/Foundation, specifies concepts, syntax, and semantics for operations on SQL-data

via SQL-s

tatements. SQL/Foundation includes specifications for:

— Data types, such as string and numeric types;

—  Schema objects, such as tables and views;

—  Sca

ravniracs h ac nn i o aad dobntian A accing
et

—  Que

—  Pre
— Agg
5.3.2
5.3.2.1

ISO/IEC 9075-2 specifies three methods of binding an SQL-agent tosan SQL-implementation.

5.3.2.2

Embedds
according

an equivalent compilation unit, entirely in the host language, may be derived. In that equivalent co

unit, each
language

5.3.2.3
Dynamic

—  Allg
the

— Cau
exe

5.3.2.4

Direct iny
in direct

2. Z loana-—Cllc o
ol CAPTCSSTUTTS, sutiras rrarerrie oo oo TTCCXPTCSSTUTTS,

ry expressions which yield table values, and various kinds of table references;
Hicates, such as comparison predicates and row-pattern (match) predicates;

regate functions, such as set functions, that compute values from a group of rows.
Bindings methods

Introduction to bindings methods

Embedded SQL

d SQL is a method of embedding SQL-statements in a compilation unit that is otherwis
b to the rules for a particular programming language, known as the host language. It de

embedded SQL-statement has been replaced by one or more statements that invoke a
procedure that contains the SQL-statement.

Dynamic SQL

cate and free a descriptor/area used for communication between the SQL-implement
SQL-agent.

se the execution-0£SQL-statements, including the preparation of statements for subs
cution.

Directiinvocation of SQL

rocation of SQL is a method of executing SQL-statements directly. The specific methods
n¥oeation of SQL are implementation-defined (IW009).

SQL is an extension of Embedded SQL. Facilities are specified to perform the following.

e written
fines how
mpilation
database

htion and

bquent

involved

5.3.3

SQL-statements specified in ISO/IEC 9075-2

The following are the classes of SQL-statements specified in ISO/IEC 9075-2.

—  SQL-schema statements, which can be used to create, alter, and drop schemas and the schema
objects specified in ISO/IEC 9075-2.

—  SQL-data statements, which can be used to perform queries, and insert, update and delete operations
on tables. Some SQL-data statements contain the word “dynamic” in their names; they are not to
be confused with SQL-dynamic statements.

—  SQL-transaction statements, which can be used to set properties of, and initiate or terminate
transactions.

26
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5.3 ISO/IEC 9075-2 Foundation (SQL/Foundation)

—  SQL-control statements.

—  SQL-connection statements, which can be used to initiate and terminate connections, and allow an
SQL-client to switch from an SQL-session with one SQL-server to an SQL-session with another.

— SQL-session statements, which can be used to set some default values and other properties of an
SQL-session.

—  SQL-diagnostics statements, which get diagnostic information (from the diagnostics area).

—  SQL-dynamic statements, which support the preparation and execution of dynamically generated

SQL
—  sql

For each
when no

For each
— itm

— itm

— itm
5.4

ISO/IECY
ming lang
in ISO/IE

Procedur
— allo
— init
— cau

exe
— obt

— obt
clie

SQL-statement that it defines, ISO/IEC 9075-2 specifies which SQL-statements will, if]
transaction is active, initiate a transaction and which will not.

SQL-statement, ISO/IEC 9075-2 specifies whether:
ay be embedded in a host language;

ay be dynamically prepared and executed;

NOTE 5 — Preparable SQL-statements can be executed immediately, with-the exception of those that fet
a descriptor area.

ay be executed directly.

[SO/IEC 9075-3: Call-Level Interface (SQL/CLI)

075-3 specifies amethod of binding betweén a program, written in one of a number of
uages, and an SQL-implementation. The effect is functionally equivalent to dynamic SQL
C 9075-2.

es (routines) are specified that can be used to:
cate and free resources (descriptor, or communication areas);
ate, control, and terminate SQL-connections between SQL-client and SQL-servers;

Ke the execution of SQL-statements, including the preparation of statements for subse
rution;

hin diagnosticiinformation;

hin information about the SQL-implementation, for example, the SQL-servers to which
ht may be able to connect.

embedded exception declaration, which is converted to a statement in the host lang]lage.

executed

Ch data into

brogram-
specified

quent

the SQL-

An impor

nly one

SQL-environment, whereas, in the context of CLI, a number of SQL-environments can be initiated and
managed independently. Consequently, although an SQL-environment is defined to be simply a set of
circumstances with various features, the term is used in CLI to refer to the current state (descriptor) of
one SQL-environment, possibly among many. Thus, the term is used to mean the session between an
application (SQL-agent) and an SQL-client (not to be confused with the SQL-session — referred to in CLI

as the SQ

L-connection — between SQL-client and SQL-server).
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5.5 ISO/IEC 9075-4: Persistent Stored Modules (SQL/PSM)

5.5 ISO/IEC 9075-4: Persistent Stored Modules (SQL/PSM)
5.5.1 Introduction to SQL/PSM

ISO/IEC 9075-4 makes SQL computationally complete by specifying the syntax and semantics of additional
SQL-statements.

Those include facilities for the following actions.

—  The specification of statements to direct the flow of control.

Thr‘ accignannt Aftha vacyle Af Avnccinnce +0 ool ac o d oo At aec
9 TICTIC UT CIITCTTCOUrTC UT \,AHA CIJTUTIT COUO vVOT ITaoDTC S aItTor I.lul aIIITC CCT IV

—  Thq specification of condition handlers that allow compound statements to deal with vaifious con-
ditipns that may arise during their execution.

—  Thq specification of statements to signal and resignal conditions.
—  Thg declaration of standing SQL-server cursors.
—  Thg declaration of local variables.

It also defines Information Schema tables that contain schema information describing SQL-serverjmodules.

5.5.2 SQL-statements specified in ISO/IEC 9075-4

The following are the broad classes of SQL-statements specified in ISO/IEC 9075-4.
— Additional SQL-control statements, which may be-ised to control the execution of an SQI. routine.
—  SQI-control declarations, which may be used te,declare variables and exception handlers.
— Additional SQL-diagnostics statements, which may be used to signal exceptions.

— Additional SQL-schema statements, which may be used to create and drop modules.

5.6 [SO/IEC9075-9: Management of External Data (SQL/MED)

ISO/IEC 9075-9 defines facilities that allow Database Language SQL to support management of external
data throjugh the use of foreign tables and datalink data types.

These inqlude facilities for defining the following objects:
—  forgign servers;
—  forgign-datawrappers;

—  forgign tables.

There are also facilities for defining routines that can be used by an SQL-server to communicate with a
foreign-data wrapper to interact with an external data source.

5.7 ISO/IEC9075-10: Object Language Bindings (SQL/OLB)
ISO/IEC 9075-10 defines facilities for the embedding of SQL statements in Java programs.

5.8 ISO/IEC9075-11: Information and Definition Schemas (SQL/Schemata)

ISO/IEC 9075-11, Information and Definition Schemas, specifies two schemas, the Information Schema
(INFORMATION_SCHEMA) and the Definition Schema (DEFINITION_SCHEMA). The views of the
Information Schema enable an application to learn the names of persistent database objects, such as
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5.8 ISO/IEC 9075-11: Information and Definition Schemas (SQL/Schemata)

tables, views, columns, and so forth. These views are defined in terms of the base tables of the Definition
Schema. The only purpose of the Definition Schema is to provide a data model to support the Information
Schema and to assist understanding. An SQL-implementation need do no more than simulate the existence
of the Definition Schema, as viewed through the Information Schema views.

5.9 ISO/IEC 9075-13: SQL Routines and Types Using the Java™ Program-
ming Language (SQL/JRT)

ISO/IEC 9075-13 defines facilities that allow Database Language SQL to enable invocations of static
methods written in the Java programming language as SQL-invoked routines, and to use classes defined
in the Java programming language as SQL structured types.

These in¢lude:
—  exténsions to the definition, manipulation, and invocation of SQL-invoked routines;
—  exténsions to the definition and manipulation of user-defined types;

— new built-in procedures.

5.10 [JSO/IEC 9075-14: XML-Related Specifications (SQL/XML)

ISO/IEC 9075-14 defines facilities that allow Database Language SQL to enable creation and marlipulation
of XML dpcuments.

These indlude:
— angw predefined type, XML;
— new built-in operators to create and manipulate values of the XML type;

— rulgs for mapping tables, schemas, and catalogs to XML documents.

5.11 [SO/IEC 9075-15: Multidimensional Arrays (SQL/MDA)

ISO/IEC9075-15 defines facilities thatallow Database Language SQL to support creation and marfipulation
of multidimensional arrays.

These inqlude:
— angw collection type, MD-array;

— new built-in-operators to create and manipulate values of the MD-array type.

5.12 [SO/IEC 9075-16: Property Graph Queries (SQL/PGQ)

ISO/IEC 9075-16 defines facilities that allow Database Language SQL to represent property graphs and
to interact with them.

These facilities include:

— syntax and semantics to define property graphs (called “SQL-property graphs”) as components of
SQL-schemas;

— descriptors of SQL-property graphs, each of which includes a descriptor of a “pure” property graph
and a descriptor of a “tabular” property graph; property graphs comprise sets of vertices and edges
that are described in the various descriptors;

— anew alternative to SQL's <table primary> production that allows reference to a <graph table>;
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— new syntax and semantics that support matching patterns in property graphs.
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6 Notation and conventions used in other parts of the ISO/IEC 9075 series

6.1 Notation taken from ISO/IEC 10646:2020

The notation for the representation of UCS code points is defined in ISO/IEC 10646:2020, Subclause 7.5,
“Short identifiers for code points”.

In this ddcument, this notation is used only to unambiguously identify characters and is not' mpant to
imply a specific encoding for an SQL-implementation’s use of that character.

6.2 Notation provided in the ISO/IEC 9075 series

The syntqctic notation used in the ISO/IEC 9075 series is an extended versionof-BNF (“Backug Normal
Form” or[“Backus Naur Form”).

In a BNF language definition, each syntactic element, known as a BNF non>terminal symbol, of the|language
is defined by means of a production rule. This defines the element interms of a formula consisting of the
characteys, character strings, and syntactic elements that can be usedto form an instance of it

In the vefsion of BNF used in the ISO/IEC 9075 series, the synibols have the meanings shown ip Table 2,
“Symbold used in BNF”.

Table 2 — Symbols.used in BNF

Symbol | Meaning

< > A character string enclosed in angle brackets is the name of a syntactic element (BNF non-
terminal) of the SQL language:

N The definition operatori§ used in a production rule to separate the element defined by the
rule from its definition.;The element being defined appears to the left of the operator and
the formula that defines the element appears to the right.

[ ] Square brackets.indicate optional elements in a formula. The portion of the formula within
the brackets may be explicitly specified or may be omitted.

{1 Braces group elements in a formula. The portion of the formula within the braces ghall be
explicitly specified.

The alternative operator. The vertical bar indicates that the portion of the formula fqllowing
the bar is an alternative to the portion preceding the bar. If the vertical bar appears at a
position where it is not enclosed in braces or square brackets, it specifies a complete
alternative for the element defined by the production rule. If the vertical bar appears in a
portion of a formula enclosed in braces or square brackets, it specifies alternatives for the
contents of the innermost pair of such braces or brackets.
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Symbol

Meaning

unless otherwise stated.

The ellipsis indicates that the element to which it applies in a formula may be repeated an
arbitrary number of times. If the ellipsis appears immediately after a closing brace “}”, then
it applies to the portion of the formula enclosed between that closing brace and the corres-
ponding opening brace “{”. If an ellipsis appears after any other element, then it applies only
to that element. In Syntax Rules, Access Rules, General Rules, and Conformance Rules, a

reference to the n-th element in such a list assumes the order in which these are specified,

Introduces either a reference to the Syntax Rules, used when the definition of a syr
element is not expressed in BNF, or the Unicode code point or code point sequéneé
define the character(s) of the BNF production.

tactic
that

Whitesp4
space. Ap
character

operatorfin a production consist entirely of BNF symbols, then those symbols stand for themse
do not take on their special meaning.

Pairs of b
may app4

ce is used to separate syntactic elements. Multiple whitespace characters\are treated 3
art from those symbols to which special functions were given above,other character
strings in a formula stand for themselves. In addition, if the symbolsto the right of the

races and square brackets may be nested to an arbitrary,depth, and the alternative o]
ar at any depth within such a nest.

sasingle
and

lefinition
Ives and

berator

A character string that forms an instance of a syntactic eleméntmay be generated from the BNF glefinition

of that sypntactic element by application of the followingstéps:

1)  Selg
and

2)  Rerp
3) For

conltents or change the brackets to'braces.

4)  For
bet

5) Apy

The expa
string.

The left n
non-term
the leftm

replace the element with this option.
lace each ellipsis and the object to which it applies with one or more instances of tha

every portion of the string enclpsed in square brackets, either delete the brackets an

every portion of the stringienclosed in braces, apply Step 1) through Step 5) to the su
ween the braces, then remove the braces.

ly steps Step 1) through Step 5) to each BNF non-terminal symbol that remains in th

hsion or production is complete when no further non-terminal symbols remain in the

ormal form derivation of a character string CS in the source language character set fr
inal(NT is obtained by applying Step 1) through Step 5) above to NT, always selecting
pstBNF non-terminal.

ct one option from those defined in the righthand side of a production rule for the element,

L object.
1 their

bstring

p string.

rharacter

bm a BNF
n Step 5)

6.3 Conventions

6.3.1

Syntactic

Specification of syntactic elements

elements are specified in terms of several components.

— Function: A short statement of the purpose of the element.

— For

mat: A BNF definition of the syntax of the element.

— Syntax Rules: A specification in English of the syntactic properties of the element, or of additional
syntactic constraints, not expressed in BNF, that the element shall satisfy, or both.
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— Access Rules: A specification in English of rules governing the accessibility of schema objects that
shall hold before the General Rules may be successfully applied.

— General Rules: A specification in English of the run-time effect of the element. Where more than
one General Rule is used to specify the effect of an element, the required effect is that which would
be obtained by beginning with the first General Rule and applying the Rules in numeric sequence
unless a Rule is applied that specifies or implies a change in sequence or termination of the appli-
cation of the Rules. Unless otherwise specified or implied by a specific Rule that is applied, application
of General Rules terminates when the last in the sequence has been applied.

—  Conformance Rules: A specification of how the element shall be supported for conformance to
SQIf. Conformance Rules are effectively a kind of Syntax Rule, differentiated only becausd of their
uselto specify conformance to the SQL language. Conformance Rules in a given Subclausd are
therefore always applied before the Syntax Rules of that Subclause, and are not negmally|applied
to the result of syntactic transformations. However, in a few cases, Conformance Rulés arelexplicitly
applied to syntactic transformations as defined in the Syntax Rules.

The scope of notational symbols is the Subclause in which those symbols are defined. Within a Subclause,
the symbjols defined in Syntax Rules, Access Rules, or General Rules can be referenced in other{rules
provided|that they are defined before being referenced.

6.3.2 Specification of the Information and Definition Schemata

The obje(¢ts of the Information and Definition Schemata in the ISO/IEC 9075 series are specified in terms
of severa| concepts.

—  Furnction: A short statement of the purpose of the definition.
—  Defjinition: A definition, in SQL, of the object being defined.

— Degcription: A specification of the run-time-walue of the object, to the extent that this is hot clear
from the definition.

— Initial Table Population: A specification of the rows of the base table that an SQL-implementation
must provide that are not specifiedsin the General Rules of other Subclauses.

—  Conformance Rules: A specification of how the element shall be supported for conformfnce to

sQl.

The only [purpose of the view definitions in the Information Schema is to specify the contents ¢f those
viewed tgbles. The actuallobjects on which these views are based are implementation-dependent|(UV002).

6.3.3 Use of terms

6.3.3.1 Syntactic containment

Let <A>, £B>7and <C> be syntactic elements; let A1, B1, and C1 respectively be instances of <A>|<B>, and
<C>.

In a Format, <A> is said to immediately contain <B> if <B> appears on the right-hand side of the BNF
production rule for <A>. An <A> is said to contain or specify <C> if <A> immediately contains <C> or if
<A> immediately contains a <B> that contains <C>.

In SQL language, A1 is said to immediately contain B1 if <A> immediately contains <B> and B1 is part of
the text of A1. A1 is said to contain or specify C1 if A1 immediately contains C1 or if A immediately contains
B1 and B1 contains C1. If A1 contains (1, then C1 is contained in A1 and (1 is specified by A1.

A1 is said to contain BI with an intervening instance of <C> if A1 contains B1 and A1 contains an instance
of <C> that contains B1. A1 is said to contain B1 without an intervening instance of <C> if A1 contains B1
and A1 does not contain an instance of <C> that contains B1.
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A1 simply contains B1 if A1 contains B1 without an intervening instance of <A> or an intervening instance
of <B>. If A1 simply contains B1, then B1 is simply contained in A1.

A1 directly contains B1 if A1 contains B1 without an intervening instance of <subquery>, <within group
specification>, or <set function specification> that is not an <ordered set function>.

If an instance of <A> contains an instance of <B>, then <B> is said to be contained in <A> and <A> is said
to be a containing production symbol for <B>. If an instance of <A> simply contains an instance of <B>,
then <B> is said to be simply contained in <A> and <A> is said to be a simply containing production symbol
for <B>.

Al is the frirernros satisfying-acond
<A> that satisfies C. A1 is the outermost <A>
in an instlance of <A> that satisfies C.

ad do ot-eontatnaniastance of
Cif A1 satisfies Cand A1 is not¢ontained

satisfying a condition

Let VN b¢ a <table name> that identifies a view. The <query expression> referenced by"VN is
Case:

— If VN is simply contained in an <only spec>, a <target table> that specifies ONLY, or an <ipsertion
target>, then the original <query expression> of V.

—  Othlerwise, the hierarchical <query expression> of V.

If <A> coftains a <table name> VN that identifies a view, then <A>\s said to generally contain the <query
expressign> referenced by VN. If <A> contains a <query name® that identifies a <query expresgion> QE,
then <A>|is said to generally contain QE. If <A> is a <column'reference> that is a column reference, there
is an implicit or explicit range variable RV qualifying that celumn reference. If RV is a <table naTme> VN
that identifies a view, then <A> is said to generally contain the <query expression> referenced py VN. If
RV is a <query name> that identifies a <query expression> QE, then <A> is said to generally coptain QE.
If <A> coptains a <property graph name> PGN, thén'<A> is said to generally contain each <qudry
expressiqn>, if any, and each <table name> thatiidentifies a view, if any, included in the tabular|{property
graph degcriptor included in the SQL-property’graph descriptor describing the SQL-property graph
identified by PGN. If <A> contains <B>, then <A> generally contains <B>. If <A> generally contgins <B>
and <B> generally contains <C>, then <A> generally contains <C>.

Let RIbe a4 <routine invocation>, <method invocation>, <static method invocation>, or <method rdference>.
If <A> cohtains RI, then <A> is said’to broadly contain the <SQL routine body> of the SQL routipe, if any,
that is the subject routine of-RI: If <A> generally contains <B>, then <A> broadly contains <B>.|If <A>

broadly dontains <B> and <B> broadly contains <C>, then <A> broadly contains <C>.

NOTE p — The “subjectrroutine of a <routine invocation>" is determined in Subclause 9.18, “Invoking an SQL-ipvoked
routing”, in ISO/IEG9075-2.

NOTE J — Broad containment is only used to specify optional features, such as implementation-defined elemgnts or con-
formance Features.

ollows:

In a Formatithe verb “to be” (including all its grammatical variants, such as “is”) is defined as
<A> is saildto be ff there exists a production rule of the form T : 15<B> and
<B> is <C>, then <A> is <C>. If <A> is <C>, then <C> is said to constitute <A>. In SQL language, A1 is said
to be B1 if <A>is <B> and the text of A1 is the text of B1. Conversely, B1 is said to constitute A1 if A1 is
B1.

6.3.3.2 Terms denoting rule requirements

In the Syntax Rules, the term shall defines conditions that are required to be true of syntactically conform-
ing SQL language. When such conditions depend on the contents of one or more schemas, they are required
to be satisfied just before the actions specified by the General Rules are performed. The treatment of
language that does not conform to the SQL Formats and Syntax Rules is implementation-dependent
(UAO004). If one or more conditions required by Syntax Rules are not satisfied when the evaluation of
Access or General Rules is attempted and the SQL-implementation is neither processing non-conforming
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SQL language nor processing conforming SQL language in a non-conforming manner, then an exception
condition is raised: syntax error or access rule violation (42000).

In the Access Rules, the term shall defines conditions that are required to be satisfied for the successful
application of the General Rules. If any such condition is not satisfied when the General Rules are applied,
then an exception condition is raised: syntax error or access rule violation (42000).

In the Conformance Rules, the term shall defines conditions that are required to be satisfied if the named
Feature is or Features are not supported.

6.3.3.3 Rule evaluation order

A conforllning SQL-implementation is not required to perform the exact sequence of actions'ddfined in
the General Rules, provided its effect on SQL-data and schemas, on host parameters and haost variable,
and on SQL parameters and SQL variables is identical to the effect of that sequence. The term ¢ffectively
is used tqd emphasize actions whose effect might be achieved in other ways by an SQL-implemé¢ntation.

The Acceps Rules and Conformance Rules for contained syntactic elements are-effectively appljed at the
same timle as the Access Rules and Conformance Rules for the containing syntaetic elements. Similarly
the Syntax Rules for contained syntactic elements are effectively applied atthe same time as the Syntax
Rules for|the containing syntactic elements. The General Rules for contained syntactic elemengs are
effectively applied before the General Rules for the containing syntactieelements.

Where the precedence of operators is determined by the Formats.of the ISO/IEC 9075 series dr by par-
entheses|those operators are effectively applied in the order §pecified by that precedence.

Where the precedence is not determined by the Formats 6r by parentheses, effective evaluation of
expressiqns is generally performed from left to right. However, it is implementation-dependent (US001)
whether pxpressions are actually evaluated left to right, particularly when operands or operatprs might
cause conpditions to be raised or if the results of the'expressions can be determined without completely
evaluatiI:rg all parts of the expression.

If some syntactic element contains more than one other syntactic element, then the General Ryiles for
contained elements that appear earlier intthe production for the containing syntactic element atle applied
before the General Rules for contained.elements that appear later.

For examjple, in the production:

<A> .=
<B> <

<B> ::=

<G .=

the Acceds Du]nc and Caonformance Du]nc for (As, (Rx’ and <C> are nFFnrHany app]ind cimu]fa 1e0usly_

The Syntax Rules for <A>, <B>, and <C> are effectively applied simultaneously. The General Rules for
<B> are applied before the General Rules for <C>, and the General Rules for <A> are applied after the
General Rules for both <B> and <C>.

There are exceptions to this practice. These are identified either using the phrase “the General Rules of
X are evaluated”, or having the form “the General Rules of X, are applied with ...” where X identifies a
syntactic element occurring in the Format of the Subclause. Where these phrases occur, the General Rules
for the syntactic element identified by X are not evaluated at the normal time but are deferred. For
example, the General Rules of Subclause 9.17, “Executing an <SQL procedure statement>", in ISO/IEC
9075-2, use the phrase “The General Rules of S are evaluated” to specify that (effectively), the evaluation
of the General Rules of Subclause 9.17, “Executing an <SQL procedure statement>", is interrupted tem-
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porarily to evaluate the General Rules associated with the SQL statement (e.g., an <insert statement>)
represented by the symbol S.

If the result of an expression or search condition is not dependent on the result of some part of that
expression or search condition, then that part of the expression or search condition is said to be inessential.
An invocation of an SQL-invoked function that is deterministic and that does not possibly modify SQL-
data is considered to be inessential. It is implementation-defined (IA008) whether an invocation of an
SQL-invoked function that is non-deterministic or possibly modifies SQL-data is considered to be essential
or inessential.

If an Access Rule pertaining to an inessential part is not satisfied, then the syntax error or access rule
violation [[42000] exception condition is raised regardless of whether or not the Inessential palts are
actually gvaluated. If evaluation of an inessential part would cause an exception condition o bE raised,
then it is[implementation-dependent (UA005) whether or not that exception conditiondsraised.

During tHe computation of the result of an expression, the SQL-implementation mayproduce ong or more
intermedjate results that are used in determining that result. The declared type of a site that contains an
intermedfiate result is implementation-dependent (UV003).

In varioug parts of the ISO/IEC 9075 series, reference is occasionally madedin'ene Subclause to the Syntax
Rules of some other Subclause. For example, in ISO/IEC 9075-2, Subclause 4.48.3, “SQL/JSON datla model”,
there is a|paragraph that states “Two SQL/JSON items are equality-comparable if one of them if the
SQL/JSON null, or if both are SQL/JSON scalars whose SQL types are.comparable and acceptable as
operandd of an equality operation according to the Syntax Rules of Subclause 9.11, “Equality opdrations”.”

The phrage “according to the Syntax Rules...” means that the-Syntax Rules, Access Rules, and Conformance
Rules of the referenced Subclause shall all be satisfied in-order for the specified condition to be|satisfied.

6.3.3.4 Conditional rules

A conditipnal rule is specified with “If” or “Case” conventions. A rule specified with “Case” conyentions

includes f list of conditional subrules using “If’; conventions. The first such “If” subrule whose fondition
is satisfigd is the effective subrule of the “Case” rule. The last subrule of a “Case” rule may specify “Other-
wise”, in which case it is the effective subrule of the “Case” rule if no preceding “If” subrule in the “Case”
rule is satisfied. If the last subrule doesnot specify “Otherwise”, and if there is no subrule whose fondition
is satisfidd, then there is no effective'subrule of the “Case” rule.

6.3.3.5 Syntactic substitution

In the Syntax and General Rules, the phrase “ X is implicit” indicates that the Syntax and General Rules
are to belinterpretedas:if the element X had actually been specified. Within the Syntax Rules of a given
Subclausg, it is known whether the element was explicitly specified or is implicit.

In the Syntax and*General Rules, the phrase “the following <A> is implicit: Y” indicates that the Syntax
and Gengral Rules are to be interpreted as if a syntactic element <A> containing Y had actually|been
specified

In the Syntax Rules and General Rules, the phrase “former is equivalent to latter” indicates that the Syntax
Rules and General Rules are to be interpreted as if all instances of former in the element had been instances
of latter.

If a BNF non-terminal is referenced in a Subclause without specifying how it is contained in a BNF pro-
duction that the Subclause defines, then

Case:

—  Ifthe BNF non-terminal is itself defined in the Subclause, then the reference shall be assumed to
be to the occurrence of that BNF non-terminal on the left side of the defining production.
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—  Otherwise, the reference shall be assumed to be to a BNF production in which the particular BNF
non-terminal is immediately contained.

6.3.3.6 Other terms

Some Syntax Rules define terms, such as T1, to denote named or unnamed tables. Such terms are used
as table names or correlation names. Where such a term is used as a correlation name, it does not imply
that a new correlation name is actually defined for the denoted table, nor does it affect the scopes of
actual correlation names.

An SQL-statement S1 is said to be executed as a direct result of the execution an SQL-statement S2 if S2
is a <call tatement> CS and 57 is the outermost SQL-statement contained in the SQL-invoked foutine
that is th¢ subject routine of the <routine invocation> contained in CS.

An SQL-sfatement S1 is said to be executed as an indirect result of executing an SQL-statement[S2 if ST is
executed|in a trigger execution context that has been activated by the execution of §2

A value Pis part of a value W if and only if exactly one of the following is true.
— Wi atable and Pis a row of W.

— Wigarow and Pis a field of W.

—  Wif acollection and P is an element of W.

—  Pis|a part of some value that is a part of W.

If a value|has parts, then it follows that an instance of that\value has parts; hence the site it occupies has
parts, ea¢h of which is also a site.

An item X is part of an item Y if and only if exactly. one of the following is true.
— Yis|arow and X is a column of Y.

— Yis|a <routine invocation> and X is an"SQL parameter of Y.

—  Yis|a user-defined type instancefand X is an attribute of Y.

—  Thdre exists an item X2 such that X is a part of X2 and X2 is a part of Y.

Another part of the I[SO/IEC9075 series may define additional terms that are used in that par{ only.
6.3.3.7 Exceptions

Except where otherwrise specified, the phrase “an exception condition is raised:”, followed by the name
of a condjtion, is.used in General Rules and elsewhere to indicate that the following occurs.

—  Thd execution of a statement is unsuccessful.

—  Theapplication of the General RUles of SUDCIauses are terminated except where explicitly stated
otherwise in the General Rules.

— Diagnostic information is to be made available.
—  Execution of the statement is to have no effect on SQL-data or schemas.

The effect on assignment targets and SQL descriptor areas of SQL-statements that terminate with
exception conditions, unless explicitly defined by the ISO/IEC 9075 series, is implementation-dependent
(UA001).

The phrase “a completion condition is raised”, followed by a colon and the name of a condition, is used
in General Rules and elsewhere to indicate that application of General Rules is not terminated and dia-
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gnostic information is to be made available; unless an exception condition is also raised, the execution
of the SQL-statement is successful.

If more than one condition could have occurred as a result of a statement, it is implementation-dependent
(UA025) whether diagnostic information pertaining to more than one condition is made available. See
Subclause 4.37.2, “Status parameters”, in ISO/IEC 9075-2, for rules regarding precedence of status
parameter values.

6.3.4 Descriptors

A descriptor is a conceptual structured collection of metadata that defines an object of a specified type.
The concgpt of descriptor is used in specifying the semantics of SQL. Itis not necessary that the descriptor
exist in apy particular form in an SQL-environment.

Some SQL objects cannot exist except in the context of other SQL objects. For example,-columns cannot
exist excgpt within the context of tables. Each such object is independently described by its own descriptor,
and the descriptor of an enabling object (e.g., table) is said to include the descriptof 'ofeach enabled object
(e.g., colymn or table constraint). Conversely, the descriptor of an enabled objectis said to be ipcluded
in the degcriptor of an enabling object. The descriptor of some object A genérally includes the descriptor
of some g@bject C if the descriptor of 4 includes the descriptor of C or if thédescriptor of 4 inclydes the
descriptdr of some object B and the descriptor of B generally includes/the descriptor of C.

In other ¢ases, certain SQL objects cannot exist unless some other, SQL object exists, even though there

is no inclysion relationship. For example, SQL does not permit an a§sertion to exist if some table r¢ferenced
by the assertion does not exist. Therefore, an assertion descriptor is dependent on or depends qn one or
more table descriptors (equivalently, an assertion is dependent on or depends on one or more thbles). In
general, 4 descriptor D1 can be said to depend on, or to:be dependent on, some descriptor DZ2.

The descriptor of some object A generally depends owor is generally dependent on the descript(I of some
object C if the descriptor of A depends on the descriptor of C or if the descriptor of A depends ¢n the
descriptdr of some object B and the descriptor.of B generally depends on the descriptor of C.

The exectition of an SQL-statement may result in the creation of many descriptors. An SQL objéct that is
created af a result of an SQL-statement may depend on other descriptors that are only created gs a result
of the ex¢cution of that SQL statement:

NOTE B — This is particularly relevant in the case of the <schema definition> SQL-statement. A <schema definjtion> can,
for exgmple, contain many <table definition>s that in turn contain <table constraint>s. A single <table constrajnt> in one
<table|definition> can reference'a-second table being created by a separate <table definition> which itself is ablp to contain
a referfence to the first table. The dependencies of each table on the descriptors of the other are valid provided|that all
necesdary descriptors aré cyeated during the execution of the complete <schema definition>.

There arg two waysofindicating dependency of one SQL object on another. In many cases, the descriptor
of the dependent(SQL object is said to “include the name of” the SQL object on which it is dependent. In
this case [‘the name of” is to be understood as meaning “sufficient information to identify the descriptor
of”. Alterhatively, the descriptor of the dependent SQL object may be said to include text (e.g., ¥query
expressiqnx=y<search condition>) of the SQL object on which it is dependent. However, in such|cases,
whether the SQL-implementation includes actual text (with defaults and implications made explicit) or
its own style of parse tree is irrelevant; the validity of the descriptor is clearly “dependent on” the existence
of descriptors of objects that are referenced in it.

In the case of a view, the original <query expression> (not the hierarchical <query expression>) is used
to determine the other SQL objects on which the view depends.

NOTE 9 — The hierarchical <query expression> is used to account for all subtables of a view V. If there is a dependency in
the hierarchical <query expression> of V, this dependency will also be found in the original <query expression> of some
subtable of V. Destruction of views with dependencies in their original <query expression> will cause the hierarchical
<query expression> of the surviving supertables to be rewritten without the dependencies.

The statement that a column “is based on” a domain, is equivalent to a statement that a column “is
dependent on” that domain.
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An attempt to destroy an SQL object, and hence its descriptor, may fail if other descriptors are dependent
on it, depending on how the destruction is specified. Such an attempt may also fail if the descriptor to

destroyed is included in some other descriptor. Destruction of a descriptor results in the destruction of
all descriptors included in it, but has no effect on descriptors on which it is dependent.

The implementation of some SQL objects described by descriptors requires the existence of objects not
specified by the ISO/IEC 9075 series. Where such objects are required, they are effectively created

whenever the associated descriptor is created and effectively destroyed whenever the associated descriptor
is destroyed.

6.3.5
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Figure 1 — Relationships-between the parts of the ISO/IEC 9075 series

6.3.6.2 Clauses 1, 2,and 3

The text ¢f Clause 1, “Scope’inan incremental part is appended to the text of Clause 1, “Scope”, in ISO/IEC
9075-2.

Every enfry in Clause"2; “Normative references” in an incremental part that is not already present in
Clause 2,["Normative references”, in ISO/IEC 9075-2 is added to Clause 2, “Normative referendes”, in
ISO/IEC 9075-2.

Every enfry.in Clause 3, “Terms and definitions” in an incremental part that is not already predent in
Cl 3 “Toarmc and dafinitianc” 10 ICA/IRC QA7E D 3o addnd +a Clavicn 2 “Thaypac and dnfinie A ”o3
ause ns”, in

1
) TS ot GCTITITCIOTIS —, 1T 10U/ TEG JU 70 4 15 auatatUtoCratast—o,— t TS artr eI ero

ISO/IEC 9075-2 in a new Subclause of Clause 3, “Terms and definitions” entitled “Definitions taken from
ISO/IEC 9075-n", where n is the number of the incremental part.

6.3.6.3 New and modified Clauses and Subclauses

Where a Clause (other than Clause 1, “Scope”, Clause 2, “Normative references”, and Clause 3, “Terms
and definitions”) or Subclause in some incremental part of the ISO/IEC 9075 series has a name identical
to a Clause or Subclause in a base part, unless the incremental part references, it supplements the Clause
or Subclause, respectively, in the base part, regardless of whether or not the number of the Clause or
Subclause corresponds. It typically does so by adding, modifying, or replacing paragraphs, Format items,
Tables, Figures, Examples, Equations, Rules, or Notes.
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In each incremental part, the relationships between each Clause or Subclause in that incremental part
and the corresponding Clause or Subclause in a base part are shown by these considerations.

— Intheincremental part: A statement of the form “This Object modifies Object nn.nn, “xxxxx’, in ISO/IEC
9075-n.” immediately follows the Object title.

— In the part referenced by the statement inserted in the preceding step: A statement of the form
“This Object is modified by Object mm.mmm, “yyyyy’, in ISO/IEC 9075-m.” immediately follows the
Object title.

—  The Object can be a Clause or a Subclause.

Where a Clause or Subclause in an incremental part has a name that is not identical to the namg of some
other Clapise or Subclause in a base part, it provides language specification particular to thatindremental
part. A Sybclause that is part of a Clause or Subclause identified as new is inherently néw,and |s not

marked.

In the abgence of explicit instructions regarding its placement, a new Clause is positioned after a]l existing
Clauses, gnd a new Subclause is positioned after all existing Subclauses of its parent Clause.

6.3.6.4 New and modified Tables, Figures, Examples, and Equations
Tables, figures, examples, and equations are collectively referred to as)captioned items.

In modified Clauses and Subclauses, where a table in an incremental part of the ISO/IEC 9075 geries has
a name identical to a table in a base part, unless the incremental part references itself, it supplements
the tablelin the base part, regardless of whether or not the number of the table corresponds.

The rowq in tables in the incremental part are generallysnew rows to be effectively inserted into the
correspopding table.

When a chptioned item, other than a table, in anin¢remental part of the ISO/IEC 9075 series hgs a name
identical [to a captioned item in a base part, unless the incremental part references itself, it repjaces the
captionedl item in the base part, regardless-of whether or not the number of the captioned item corres-

ponds.

When a captioned item in a base partis modified or replaced by a captioned item in some incremental
Part, in tHat incremental part, a statément of the form “This Object modifies Object nn.nn, “xxxxx’, ipn ISO/IEC
9075-n.” Is typically found in a:Rule or paragraph that appears a little above the modifying captioned
item.

When a captioned item.inbase part is modified or replaced by a captioned item in some incremental
part, the paption of the captioned item in the base part is preceded by a small red box containihg the
number ¢f the in¢remental part that contains the modifying or replacing captioned item.

NOTE [L0 —In'printed copies of this document, it is possible that the small boxes and their contents appear to|be gray or
black.

When a captioned item in an incremental part has a name that is not identical to the name of some cap-
tioned item in a base part, it provides specifications particular to that incremental part.

6.3.6.5 Functions

In a modified Subclause, the Function from the modifying Subclause completely replaces the Function in
the original Subclause.

6.3.6.6 New and modified Format Items

In modified Clauses and Subclauses, a Format item that defines a BNF non-terminal symbol (that is, the
BNF non-terminal symbol that appears on the left-hand side of the : : = mark) either modifies a Format
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item whose definition appears in a base part, or replaces a Format item whose definition appears in a
base part, or defines a new Format item that does not have a definition at all in a base part.

Those Format items in the incremental part that modify a Format item whose definition appears in a
base part are identified by the existence of a “Format comment” such as:

<npodified itenp ::=
Il Al alternatives froml|SQ|EC 9075-2
| <new alternative>

<new alternative> ::=

New ForlLat items that have no correspondence to a Format item in a base part are not distinJuished in
the incremental part.

Format items in new Subclauses are unmarked.

When a Hormat item in a base part is modified or replaced by a Format item in.§0me incremenital Part,
the Formpt item in the base part is indicated by the presence of a small red boximmediately preceding
the name of the BNF non-terminal being defined by the Format item, containing the number of the
incremerital Part that contains the modifying or replacing Format item.

6.3.6.7 New and modified paragraphs and rules

In mOdif(iJEd Clauses and Subclauses, each paragraph or Rule is marked to indicate whether it i$ a modi-
fication df a paragraph or Rule in a base part, or is a new paragraph or Rule added by this incr¢mental
part.

New parggraphs or Rules in an incremental part are marked to indicate where they are to be ipserted.

If no spedificinsertion point is indicated, as in |Insert this paragraph| or |Insert this GR|, then the following
text is to pe read as though it were appended atithe end of the appropriate section (the Generdl Rules,

for example) of the corresponding Subclause inthe partidentified in the statement following the $ubclause
title.

In such indications, “SR” is used to mean “Syntax Rule”, “AR” is used to mean “Access Rule”, “GR[ is used
”» o«

to mean ‘|General Rule”, “CR” is used'to mean “Conformance Rule”, “Desc.” is used to mean “Dedcription”,
“Func.” isfused to mean “Function”, and “TP” is used to mean “Initial Table Population”.

Paragraphs in each Subclatise’are numbered from 1 (one), and bulleted, dashed, or enumerated lists are
counted as part of the same paragraph as the text of the paragraph. Numbered notes are not cgunted as
paragraphs.

When a Rule or paragraph in a base part is modified by a Rule or paragraph in some incremental Part,
the Rule pr paragraph in the base part is indicated by the presence of a small red box, immedidtely pre-
ceding the textof the Rule or paragraph, containing the number of the incremental Part that cmlltains the

Modifications of paragraphs or Rules are identified by the inclusion of an indicative phrase enclosed in
a box.

If the term lead text of is included, then the scope of the modification is the the text of the paragraph or
rule up to, but not including, the first bulleted, dashed, or enumerated list item that follows. For example,
|Augment the lead text of SR1)b)| means that, in the following rule, the scope of the augmentation is only
the italicized text.

1) Lead text for Syntax Rule 1)
a)  Text for Syntax Rule 1)a)

42 © ISO/IEC 2023 - All rights reserved


https://iecnorm.com/api/?name=106a71f3eddf752c9c89c20309a1c1dc

I1SO/IEC 9075-1:2023(E)
6.3 Conventions
b)  Lead text for Syntax Rule 1)b)
Case:
i) Text for Syntax Rule 1)b)i)
ii) Text for Syntax Rule 1)b)ii)
c)  Text for Syntax Rule 1)c)

Table 3, “Examples and explanations of paragraph and rule mergers”, illustrates various ways in which
paragraphs and Rules are specified in incremental parts and explains how each is to be interpreted.

Table 3 — Examples and explanations of paragraph and rule mergers

Example

Explanation

[Ingert into the 1st paragraph, after the 4th

li_s item:

The subsequent text is to bie\inserted as 4
new list item immediately-after the fourth
listitem of the unnumbered list that immedi-
ately follows the existing first paragraph
(effectively becoming a new fifth list item))

Infert after the 2nd paragraph:|

The subsequent text is to be inserted as 4
new paragraph immediately following th
existing second paragraph (effectively
becoming a new third paragraph)

9%

|In sert before SR 4)b):|

The subsequent text is to be inserted as a
new Syntax Rule immediately preceding the
existing SR 4)b) (effectively becoming a npw
SR 4)b) with subsequent SRs being numbered
4)c), etc.)

|[Aygment the 5th paragraph, the 2nd list
iten, the 1st list item| by adding “new text”
immediately after “existing text”

Modify the text of the first unnumbered
(bulleted) list item within the first

unnumbered (dashed) list item immediately
following the existing fifth paragraph by
inserting the quoted new text immediately
after the quoted existing text

|Agment the 3rd paragraph|by adding “new
text” immediately before “existing text”

Modify the text of the existing third para-
graph by inserting the quoted new text
immediately before the quoted existing tg¢xt

|Augment SR b): iAdd "an SQL variable 5V” to
the list of possible referents of a basis

Augmenta list of objects ("possible referents
of a basis”) in Syntax Rule 8) by adding the
specified text to that list

|Convert GR 3) to be:| Case:

a)
b)  Otherwise,

the original GR 3)|

Convert the exiting GR 3) (which, presum-
ably, has no subrules) into a Case construct,
inserting a new subrule, followed by “Other-
wise,” and the existing text of the existing GR
3)
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Ex

ample Explanation

|Insert into the Definition after|

FROM ENABLED ROLES AS ER) ) ) )

the code:

R

( ( R MODULE_CATALGCG,

following that first fragment

Locate the first specified code fragment, then
insert the new code fragment immediately

lIn

sert into Table 40, “SQLSTATE class and Insert the rows of Table 3 in the current

su

bclass codes”|the rows of Table 3, “SQL- incremental part into the rows of Table 4

ST

ATE class and subclass codes” in the referenced base part

All parag
unmarke

Inincrem
to replicg
Subclaus
so permif
passed td
replicatid

6.3.6.8

Faphs, Format items, and Rules in new Clauses or Subclauses are also néw and are the
o

te a Syntax Rule or a General Rule that redundantly specifiesthe*Subclause signature
e 6.3.7, “Subclauses used as subroutines”) of the modified Subelause in ISO/IEC 9075
s invocations of the modifying Subclause in the incrementalpart to correctly specify a
and results returned from the modified Subclause in ISO/IEC 9075-2. When this occ
n is noted by an instruction such as |Replicate GR 1):|

Modified Subclause Signatures

A Subclayise in an incremental part that modifies another part may have a Subclause Signature
additiond
part as optional parameters.

6.3.6.9

When an
base part
base part

Annexes

SQL
imp

imp

1 parameters. These parameters are added to the parameter list of the Signature in the

New and modified Annexes

, unless the incrementalpart references itself, it supplements the Annex, respectively
, regardless of whether of not the letter of the Annex corresponds.

with the titles:
conformance.siimmary
lementation-defined elements

lementation-dependent elements

SQ

refore

ental parts that make modifications to a Subclause in ISO/IEC 9075-2, it is sometimes necessary

(see

2. Doing
‘guments
ir's, the

with
modified

Annex in an incremental partof the ISO/IEC 9075 series has a name identical to an Annex in a

in the

optional feature taxonomy

are summaries of certain aspects of normative text in the document. These annexes are never merged,
but are effectively regenerated in the merged ISO/IEC 9075-2 document.

In each incremental part, the relationships between each Annex in that incremental part and the corres-
ponding Annex in a base part are shown by the following considerations.

44

In the incremental part: A statement of the form “This Annex modifies Annex N, “xxxxx”, in ISO/IEC
9075-n." immediately follows the Annex title.

In the part referenced by the statement inserted in the preceding step: A statement of the form
“This Annex is modified by Annex M, “yyyyy”, in ISO/IEC 9075-m.” immediately follows the Annex

title.
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Where an Annex in an incremental part has a name that is not identical to the name of some other Annex
in a base part, it provides information particular to that incremental part.

In a modified Annex, the lead text of the paragraphs of the modifying Annex are discarded.

NOTE 11 — This results in only its Subclauses, tables, and bulleted, dashed, or enumerated list items being retained.

If no explicit merge instructions are provided, then all other text and/or tables are merged into the text
and/or tables of the original Annex, taking account of grouping and sorting implied by the initial paragraphs
of the original Annex. Redundant duplicate rows in a merged table are eliminated. A row is treated as a

duplicate even if the rows have different counters. If exphc1t merge instructions are given, then these are
followed. he referenced
Clauses and Subclauses have acqulred in the merged text.

6.3.6.10 Order of merging an incremental part

When an |ncremental part, after the application of applicable Technical Corrigenda, performs a modification
to a Clauge or Subclause in a base part, then the modifications are applied in the-following seqpence:

1)  All modifications to the base parts other than ISO/IEC 9075-2 from th€ incremental part

2)  All modifications to ISO/IEC 9075-11 from other base parts, (includirig all modifications that were
added, augmented, or replaced as a result of Step 1)).

3)  All nodifications to ISO/IEC 9075-2 from other base parts,{including all modifications that were
added, augmented, or replaced as a result of Step 1) and Step 2)).

4)  All modifications to ISO/IEC 9075-2 from the increniental part. Modifications in this final|step may
augment or replace modifications applied as a result of Step 3).

Modifications to one or more base parts by more than one incremental part do not interact. THe modifi-
cations mjade by an incremental part only have influence on the language specification of that part and
those spdcifications are not influenced by modifications made by other incremental parts. However, if
an SQL-itnplementation claims conformance'to a base part and another incremental part that modifies
it, then the modification to the base part ffom the other incremental part are also applied whern|applying
the mergg of the base part.

6.3.7 Subclauses used as'subroutines

In this ddcument, some Subelauses are defined without explicit SQL language syntax4 to invoke their
semanticp. Such Subclauses, called “subroutine Subclauses”, typically factor out rules that are fequired
by one o1l more other.Subclauses and are intended to be 1nvoked by the rules of those other Sulbclauses.
In a few dases, thesé/Subclauses not having explicit SQL language syntax are intended to be inyoked by
other stapdards-and/or through the use of implementation-defined mechanisms.

In other words,the rules of these Subclauses behave as though they were a sort of definitional “suproutine”
that is inyoked by other Subclauses in this document, Subclauses in other parts of the ISO/IEC|9075
series, other standards, or implementation-defined mechanisms. These subroutine Subclauses are typically
specified in a manner that requires information to be passed to them from their invokers. The information
that must be passed is represented as parameters of these subroutine Subclauses, and that information
must be passed in the form of arguments provided by the invokers of these subroutine Subclauses.
Parameters can be mandatory parameters or optional parameters. Parameters are mandatory by default.
Optional parameters are only be created by the merging process as specified in Subclause 6.3.6.8, “Mod-
ified Subclause Signatures”.

NOTE 12 — There are statements in this document and in other parts of the ISO/IEC 9075 series to the effect of “something
is valid according to the Syntax Rules of a Subclause”. Such statements are not equivalent to specifying the invocation of a

4  Some such Subclauses may have non-empty Format sections that define a “sublanguage” that is used in processing SQL-
data; that sublanguage is not part of SQL, per se, and therefore does not violate this provision.
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subroutine Subclause and therefore the referenced Subclause need not be specified in the manner described in the imme-
diately preceding paragraph. Instead, the text identified as something is merely evaluated according to the Syntax Rules of
the referenced Subclause and determined to be either valid or invalid.

Every invocation of a subroutine Subclause must explicitly provide information for every mandatory
parameter of the subroutine Subclause being invoked. Optional parameters that are not specified in a
Subclause invocation are assigned the null value. There is an exception to this rule requiring explicit
information, which is discussed in Subclause 4.9.3, “Consistency when deleting and updating multiple
rows”.

In Subclauses that have Subclause Signatures, those signatures are followed by non-normative text that
documents every parameter and every returned value contained in that signature That textis intended
solely to pssist readers of the document in their understanding of the Subclause Signatures @anfl their

parametqrs and returns. If the descriptive text and the normative text in those Subclauses-disagree, the
Subclausgs’ normative text is authoritative.

6.3.8 Document typography

In the text of all parts of the ISO/IEC 9075 series, the following typographic conventions are uged.

—  ltaljcized text is used for several purposes:

. ordinary emphasis;
. representations of SQL truth values (e.g., True);
. representations of symbolic variables, both their definitions and their uses;

. textual definitions of important terms and cohcepts.
— Bold text is used for several purposes:
. representations of symbolic variables that contain XML values;
. display of terms taken from other'standards that display those terms in bold type.

—  Underlined text is used in the representation of SQL truth values (e.g., True).
6.3.9 Index typography

In the Indexes to the parts ofithe ISO/IEC 9075 series, the following conventions are used.

— AnIndex entry in boldface indicates the page where the word, phrase, or BNF non-terminal is
defined.

— AnIndex entry'in italics indicates a page where the BNF non-terminal is used in a Format.

— AnindeX entry in neither boldface nor italics indicates a page where the word, phrase, or BNF non-
terrpinal is not defined, but is used other than in a Format (for example, in a heading, Function,
Syntax Rule, Access Rule, General Rule, Conformance Rule, Table, or other descriptive text).

6.3.10 Feature ID and Feature Name

Features are either standard-defined features or implementation-defined features.

Standard-defined features are defined in various parts of the ISO/IEC 9075 series. Implementation-
defined features are defined by SQL-implementations (see Subclause 9.5, “Extensions and options”).

Features are referenced by a Feature ID and by a Feature Name. A Feature ID value comprises a letter
and three digits.

Feature IDs whose letter is “V” are reserved for implementation-defined features.
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Standard-defined features are either mandatory features of a part, or they are optional features that are
usually defined by Conformance Rules, but in a few circumstances are defined within a paragraph, or
within Syntax or General Rules, or are defined as a set of other implied optional features. The Feature ID
of a standard-defined feature is stable and can be depended on to remain constant.

For convenience, all of the features defined in a part of the ISO/IEC 9075 series are collected together in
anon-normative annex in the part in which they are defined. For example, the features defined in ISO/IEC
9075-2 can be found in Annex D, “SQL optional feature taxonomy”, in ISO/IEC 9075-2.

Conformance Rules are generally placed in the Subclause that defines the BNF non-terminal that is con-
trolled by the feature. In those circumstances where the use of a non-terminal is only controlled in a
specific cfrcumstance the Conformance Rule 1s placed where the non-terminal is used. This is ilso done

in those ¢ircumstances where the fact that the use of the non-terminal is controlled by thefeature can

be deducpd from an inspection of the Syntax Rules and the Conformance Rules of otherrSubclauses and
the Confgrmance Rule is in principle redundant. As far as possible, other redundancy in.the Conformance
Rules is gvoided.

6.3.11 | Implementation-defined and implementation-dependent

In the ISQ/IEC 9075 series, some aspects are marked as “implementation~defined”. These aspdcts are
permitted to differ in different implementations but each conforming implémentation is requirg¢d to fully
specify that aspect. See Subclause 9.7.3, “Requirements for SQL-implefnentations”, for further infprmation.

Each imp]ementation-defined aspect is assigned a code that is placed in parentheses after each og¢currence
of that imjplementation-defined aspect. See for example, 1st paragraph of Subclause 4.4.9.1, “Catalogs”:

A tatalog is a named collection of SQL-schemas, foreign server descriptors, and foreign|data
wrapper descriptors in an SQL-environment. The mechanisms for creating and destroying catalogs
are implementation-defined (IW005).

The codep assigned to implementation-defined,aspects comprise the letter “1” followed by a lefter and
three digjts.

The codep assigned to implementation-défined aspects are stable and can be depended on to rjemain
constant{The codes themselves havenio other meaning than to identify the specific implementation-
defined aspect.

For conv¢nience, all the implementation-defined aspects in each incremental part of the ISO/IEC 9075
series ar¢ collected togetheriin the non-normative Annex B, “Implementation-defined elements”, that
lists thosp places in thatineremental part where an implementation-defined aspect is referended.

In the ISQ/IEC 9075.-8eries some aspects are marked as “implementation-dependent”. These agpects are
permittedl to differ<in different implementations, but that are not necessarily specified for any particular
SQL-implementation. Indeed, an SQL-implementation is not required to exhibit consistent behdvior with
regard to|a given aspect. Its behavior may depend on such things as the chosen access path, which may
vary ovel tirhe. An application should not depend on the specific behavior of any implementatjon-
dependent aspects.

Each implementation-dependent aspect is assigned a code that is placed in parentheses after each
occurrence of that implementation-dependent aspect. See for example, 2nd paragraph of Subclause 6.3.2,
“Specification of the Information and Definition Schemata”:

The only purpose of the view definitions in the Information Schema is to specify the contents of
those viewed tables. The actual objects on which these views are based are implementation-
dependent (UV002).

The codes assigned to implementation-dependent aspects comprise the letter “U” followed by a letter
and three digits.
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The codes assigned to implementation-dependent aspects are stable and can be depended on to remain
constant. The codes themselves have no other meaning than to identify the specific implementation-
dependent aspect.

For convenience, all the implementation-dependent aspects in each incremental part of the ISO/IEC9075
series are collected together in the non-normative Annex C, “Implementation-dependent elements”, that
lists those places in that incremental part where an implementation-dependent aspect is referenced.

6.4  Digital artifacts

6.4.1 Introduction to-digital artifacts
L=

A numbet of digital artifacts are available for use with the various parts of the ISO/IEC 9075 s¢ries. All

such digifal artifacts are available on the ISO website, links to which are found in each part of the ISO/IEC
9075 serles at relevant positions in the text. This Subclause specifies the purpose and'suggests§ uses for
each digifal artifact.

6.4.2 Language syntax

In the ISQ/IEC 9075 series, the grammar (syntax) of database language SQL is defined through the use
of an extgnded BNF notation, as specified in Subclause 6.2, “Notation provided in the ISO/IEC 9075 series”.

In each pprt of the ISO/IEC 9075 series that specifies SQL language grammar, two references t¢ digital
artifacts gre included. One of those references identifies a plain-text version of the grammar, apd the
other identifies a version marked up in XML. Implementations,of the ISO/IEC 9075 series may Use either
version when developing language parsers that process the SQL grammar.

The part§ of SQL that reference these two digital artifagts, and a reference to the text that incorporates
the artifalcts are given here.

— ISOYIEC 9075-2 — Subclause 4.1.1, “Notations”
— ISOYIEC 9075-3 — Subclause 4.1.1, “Notations”
— ISOYIEC 9075-4 — Subclause 4:1.1,“Notations”
— ISOYIEC 9075-9 — Subclause4.1.1, “Notations”
— ISOYIEC 9075-10 — Subclause 4.1.1, “Notations”
— ISOYIEC 9075-13 < Subclause 4.1.1, “Notations”
— ISOYIEC 9075-14*— Subclause 4.1.1, “Notations”
— ISOYIEC 9075-15 — Subclause 4.1.1, “Notations”
— ISOYIE€9075-16 — Subclause 4.1.1, “Notations”

6.4.3 Condition codes

In the ISO/IEC 9075 series, evaluation of SQL expressions and execution of SQL statements result in the
raising of one or more conditions. Conditions are either completion conditions or exception conditions.
Each condition is identified by a unique code, which always includes a class code that specifies the principle
category to which the condition belongs, and may also include a subclass code that specifies additional
information about the reason for raising the condition.

In each part of the ISO/IEC 9075 series that specifies language semantics that raises conditions, a summary
of the condition codes that are specified is provided. Each such part provides a link to a digital artifact
that summarizes all such condition codes. Implementations of ISO/IEC 9075 may use this artifact for
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translating the natural language description of each condition (class and subclass codes) to other natural
languages for display by relevant software and for documentation purposes.

The parts of SQL that reference this digital artifact, and a reference to the text that incorporates the
artifact are given here.

This document — Subclause 8.1, “SQLSTATE”
ISO/IEC 9075-2 — Subclause 24.1, “SQLSTATE”
ISO/IEC 9075-3 — Subclause 10.1, “SQLSTATE”

ISO
ISO
ISO
ISO
ISO
ISO
ISO

6.4.4

In the ISO
Other fea
may clain]

Ineachp
codes tha
all such fi
language
documenjtation purposes.

The part;
artifact a

Thi
ISO
ISO
ISO

[EC9075-4 — Subclause 22.1, "SQLSTATE"

[EC 9075-9 — Subclause 26.1, “SQLSTATE”

[EC9075-10 — Subclause 18.1, “SQLSTATE”
IEC9075-13 — Subclause 16.1, “SQLSTATE”
IEC 9075-14 — Subclause 24.1, “SQLSTATE”
[IEC 9075-15 — Subclause 20.1, “SQLSTATE”
[EC9075-16 — Subclause 17.1, “SQLSTATE”

Feature codes

/IEC9075 series, a minimum set of features shall be implemented by every SQL-implen
fures are optional and SQL-implementations thatprovide an implementation of optiong
h conformance to those features. Each such optional feature is identified by a unique

hrt of the ISO/IEC 9075 series that specifies optional features, a summary of the option

pature codes. Implementations of ISO/IEC 9075 may use this artifact for translating th
description of each feature to other natural languages for display by relevant softwa

of SQL that reference this'digital artifact, and a reference to the text that incorporate
e given here.

5 document — Annex D, “SQL optional feature taxonomy”
IEC 9075-2.~~Annex D, “SQL optional feature taxonomy”
[EC 907553 — Annex D, “SQL optional feature taxonomy”
[EC9075-4 — Annex D, “SQL optional feature taxonomy”

ISOA

entation.
| features
rode.

hl feature

t are specified is provided. Each suchpart provides a link to a digital artifact that sumpimarizes

e natural
e and for

s the

/TEC 0075 (0] Annex D’ "Snl Cr\finna] feature tavonaomy”

XTI e2x T troo Tt CTox O oTTT
X P J

ISO/IEC 9075-10 — Annex D, “SQL optional feature taxonomy”

ISO/IEC 9075-11 — Annex D, “SQL optional feature taxonomy”
ISO/IEC 9075-13 — Annex D, “SQL optional feature taxonomy”
ISO/IEC 9075-14 — Annex D, “SQL optional feature taxonomy”
ISO/IEC 9075-15 — Annex D, “SQL optional feature taxonomy”

ISO/IEC 9075-16 — Annex D, “SQL optional feature taxonomy”

© ISO/IEC 2023 - All rights reserved

49


https://iecnorm.com/api/?name=106a71f3eddf752c9c89c20309a1c1dc

ISO/IEC 9075-1:2023(E)
6.4 Digital artifacts

6.4.5

Implementation-defined items

In the ISO/IEC 9075 series, a number of details are specified to be implementation-defined, as specified
in Subclause 7.3, “Implementation-defined elements”.

In each part of the ISO/IEC 9075 series that specifies implementation-defined items, a summary of the
implementation-defined items is provided. Each such part provides a link to a digital artifact that sum-
marizes all such implementation-defined items. Implementations of ISO/IEC 9075 may use this artifact
for translating the natural language description of each such item to other natural languages for display
by relevant software, for documentation purposes, and for assisting users in understanding the details
of SQL-implementations and in specifying their requirements when deploying SQL-implementations.

The part;

artifact a
—  Thi
— ISO
— IS0
— IS0
— ISO
— ISO
— IS0
— IS0
— ISO
— ISO
— IS0

6.4.6

re given here.

5 document — Annex B, “Implementation-defined elements”
IEC 9075-2 — Annex B, “Implementation-defined elements”
[EC 9075-3 — Annex B, “Implementation-defined elements”
[EC 9075-4 — Annex B, “Implementation-defined elements’
IEC 9075-9 — Annex B, “Implementation-defined elemgnts”
[IEC 9075-10 — Annex B, “Implementation-defined«€lements”
[EC9075-11 — Annex B, “Implementation-definéd’elements”
IEC 9075-13 — Annex B, “Implementation<defined elements”
IEC 9075-14 — Annex B, “Implementation-defined elements”
[EC 9075-15 — Annex B, “Implementation-defined elements”

[EC9075-16 — Annex B, “Implementation-defined elements”

Implementation-dependent items

Inthe ISQ/IEC 9075 series, a number of details are specified to be implementation-dependent, as
in Subclapse 7.4, “Implementation-dependent elements”.

In each p

the implsg

summari

art of the ISO/IEC 9075 series that specifies implementation-dependent items, a su

artifact fgr translating the natural language description of each such item to other natural lan

display b

details off SQL-implementations.

of SQL that reference this digital artifact, and a reference to the text that incorporatg

s the

specified

ary of

mentation-depéndent items is provided. Each such part provides a link to a digital arfifact that
zes all such‘implementation-dependent items. Implementations of ISO/IEC 9075 may use this

ages for

y relevant software, for documentation purposes, and for assisting users in understanding the

The parts of SQL that reference this digital artifact, and a reference to the text that incorporates the
artifact are given here.

—  This document — Annex C, “Implementation-dependent elements”

— ISO
— ISO
— ISO
— ISO
— ISO
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/IEC 9075-2 — Annex C, “Implementation-dependent elements”
/IEC 9075-3 — Annex C, “Implementation-dependent elements”
/IEC 9075-4 — Annex C, “Implementation-dependent elements”
/IEC 9075-9 — Annex C, “Implementation-dependent elements”

/IEC 9075-10 — Annex C, “Implementation-dependent elements”
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6.4 Digital artifacts

/IEC 9075-11 — Annex C, “Implementation-dependent elements”
/IEC 9075-13 — Annex C, “Implementation-dependent elements”
/IEC 9075-14 — Annex C, “Implementation-dependent elements”
/IEC 9075-15 — Annex C, “Implementation-dependent elements”

/IEC 9075-16 — Annex C, “Implementation-dependent elements”

Header files

Some paifts of the ISO/TEC 9075 series provide one or more header files that application progrd
the facilitlies of each such part may use to declare necessary symbols and other artifacts.

In each pprt of the ISO/IEC 9075 series that specifies such header files, the contents of‘the hea
are specified in an Annex. Each such part provides a link to a digital artifact that contains the t

such hea
and may

The part;
artifact a

— IS0
sqll

— IS0
sqll

6.4.8

In the IS(
raising of

Ineachp
impleme
(or relevs
to a digit
Impleme
the artifal

The part;
artifact a

— ISO
— ISO
— ISO
— ISO
— ISO
— ISO

6.4.9

er files. Implementations of ISO/IEC 9075 may use these artifacts for doCumentation J
supply the text for use by application program writers.

of SQL that reference this digital artifact, and a reference to thedext that incorporate
e given here.

IEC 9075-3 — Subclause H.1, “C header file sqlcli.h”, and‘Stubclause H.2, “COBOL lib
CLI".

[EC 9075-9 — Subclause H.1, “C header file sqlclidh*,'and Subclause H.2, “COBOL liby
CLI".

Ada interface

/IEC 9075 series, evaluation of SQL expressions and execution of SQL statements reg
one or more conditions, as described-in Subclause 6.4.3, “Condition codes”.

hrt of the ISO/IEC 9075 series that specifies language semantics that raises condition;
hts an interface for application programs written in the Ada programming language, t

] artifact that provides the'text of the Ada package or relevant parts of the Ada pack
htations of ISO/IEC 9075 may use this artifact for documentation purposes and may |
ct to application programmers writing programs for such implementations.

of SQL that reference this digital artifact, and a reference to the text that incorporate
e given here;

[EC 90%5*2 — Subclause 13.3, “<externally-invoked procedure>"
[EC9075-4 — Subclause 12.1, “<externally-invoked procedure>"

ms using

der files
bxt of all
hurposes,

s the

ary item

ary item

ult in the

and that
he text of

int parts of) an Ada package named Interfaces.SQL is specified. Each such part provij;s alink

e.
brovide

s the

JIEC9075-9 — Subclause 12.2, “‘<externally-invoked procedure>

/IEC 9075-14 — Subclause 13.1, “<externally-invoked procedure>"
/IEC 9075-15 — Subclause 12.1, “<externally-invoked procedure>"
/IEC 9075-16 — Subclause 13.1, “<externally-invoked procedure>”"

Schema definition

Some parts of the ISO/IEC 9075 series specify the SQL schema definition and manipulation statements
necessary to create the tables, views, and other artifacts of the Definition Schema and Information Schema,
described in Subclause 4.4.9.3, “Information Schema”, and Subclause 4.4.9.4, “Definition Schema”.
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In each part of the ISO/IEC 9075 series that specifies such statements, the text of the statements are
provided. Each such part provides a link to a digital artifact that contains the text of all such statements.
Implementations of ISO/IEC 9075 may use these artifacts for documentation purposes, and may use
those statements to create their “databases”.

The parts of SQL that reference this digital artifact, and a reference to the text that incorporates the
artifact are given here.

— ISO/IEC 9075-4 — Clause 20, “Information Schema”, and Clause 21, “Definition Schema”.
— ISO/IEC 9075-9 — Clause 24, “Information Schema”, and Clause 25, “Definition Schema”.

— ISOYIEC 9075-11 — Clause 6, “Information Schema”, and Clause 7, “Definition Schema”.
— ISOYIEC 9075-13 — Clause 14, “Information Schema”, and Clause 15, “Definition Schemg”.
— ISOYIEC 9075-14 — Clause 21, “Information Schema”, and Clause 22, “Definition Schemq’.
— ISOYIEC 9075-15 — Clause 18, “Information Schema”, and Clause 19, “Definition Schemd’.
— ISOYIEC 9075-16 — Clause 15, “Information Schema”, and Clause 16, ‘Definition Schema”.

6.4.10 | XML Schemata

Some pafts of the ISO/IEC 9075 series specify XML Schema definitions that specifies the XML $chemas
required by implementations conforming to the specifications ofthose parts.

In each pprt of the ISO/IEC 9075 series that specifies suchan”’XML Schema, the text of the XMI] Schema
is provided. Each such part provides a link to a digital artifact that contains the text of such schemas.
Implemehtations of ISO/IEC 9075 may use these artifdets for documentation purposes, and mpy use
those schlemas in their implementations, and may provide them to application writers.

The part§ of SQL that reference this digital artifact, and a reference to the text that incorporates the
artifact are given here.

— ISOYIEC 9075-14 — Clause 23, “SQL/XML XML schema”.
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7 Annexes to the parts of the ISO/IEC 9075 series

7.1 Annexes are informative

Every annex to every part of the ISO/IEC 9075 series is informative. The contents of each annex provides
additional information, some of which restates that which is stated elsewhere in the normative text.

7.2

Every paft of the ISO/IEC 9075 series contains an Annex that lists every feature of ISO AEC907], ordered
by Featuie number, including the number and name of every Subclause that contaiins’a Conformance
Rule assdciated with that feature.

QL conformance summary

7.3 mplementation-defined elements

Every paft of the ISO/IEC 9075 series contains an Annex thatlists every.element of SQL and its pfocessing
that is spgcified in that part, and is permitted to differ between SQIximplementations, but is r¢quired to
be specified by the implementor for each particular SQL-implementation.

7.4 mplementation-dependent elements

Every part of the ISO/IEC 9075 series contains an Annexthatlists every element of SQL and its pfocessing
that is m¢ntioned, but not specified in that part, andds thus permitted to differ between SQL-implement-
ations, byt is not required to be specified by the imiplementor for a particular SQL-implementdtion.

7.5 eprecated features

Every part of the ISO/IEC 9075 series contains an Annex thatlists every element of SQL and its pfocessing
that is specified in that part, but thatimay be omitted in some future revision of that part.

7.6 ncompatibilities with previous versions

Every part of the ISO/IEC 9075 series contains an Annex thatlists every element of SQL and its pfocessing
that is spgcified in a previous version of that part, but that is not specified in the same way in the present
version. The most frequent cause of such incompatibilities is the addition of reserved key worgs to the
language| which.invalidates their use in SQL language that conformed to an earlier version of ISO/IEC
9075.

7.7

O£, 4 4+
IUYL ITALUIC L dAULIVIILY

ISO/IEC 9075-2 and every incremental part contains an Annex that lists every feature of ISO/IEC 9075
defined in that part, ordered by Feature number, specifying the name of that feature.

7.8 Defect Reports

Every part of the ISO/IEC 9075 series contains an Annex that lists every reported defect in the previous
edition of this document that remains in this part of this edition, ordered by Subclause number, specifying
the nature of this defect.
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8 Status codes

8.1 SQLSTATE

The condition codes and their associated text are available from the ISO website as a “digital artifact”.
Seehttps://standards.iso.org/iso-iec/9075/ -1/ ed-6/en/ todownload digital artifacts

for this d
| SO | E(

pcument. 1o downtoad the condition codes and associated Text, Select the tite named
C 9075- 1( E) _Franmewor k-condi ti ons. xm .

Table 4 — SQLSTATE class and subclass codes

Categary Condition Class

Subcondition Sybclass

syntax error or access rule viola- 42
tion

(no subclass)

000
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9 Conformance

9.1 Kinds of conformance claims

Several different types of conformance may be claimed. Every claim of conformance shall include a min-
imum claim of conformance. In addition, conformance may be claimed for zero or more incremental parts
and for zfTo or more optionat features.

9.2 Minimum conformance

Every clajm of conformance shall include a claim of minimum conformance, which, is-defined aq a claim
to meet the conformance requirements specified in ISO/IEC 9075-2 and ISO/IEE€.9075-11. A claim of
minimumn) conformance shall include the statements required by the conformancerequirements df ISO/IEC
9075-2 apd ISO/IEC 9075-11.

Core SQL fis set of the features defined in the conformance requirements'specified in ISO/IEC 9075-2 and
ISO/IEC 9075-11.

9.3 Conformance to parts

A claim of conformance to a part of the ISO/IEC 9075 series implies support of all mandatory features
defined i that part.

In additign every claim of conformance to a part of-the ISO/IEC 9075 series shall meet the conformance
requiremnjents specified in that part.

A claim of conformance to an incremental partefthe ISO/IEC 9075 series shall include the claimq required
by the comformance requirements of that Part of the ISO/IEC 9075 series to which conformance i$ claimed.

9.4 Conformance to features

In additign to those features that are mandatory for conformance to a part of the ISO/IEC 907} series

(including ISO/IEC 9075-2-and ISO/IEC 9075-11), parts of the ISO/IEC 9075 series may defing optional
features. [These features are-identified by Feature ID and controlled by Conformance Rules (se¢
Subclausg 6.3.10, “Feature ID and Feature Name”).

An optional feature FEAT is defined by relaxing selected Conformance Rules, as noted at the bgginning
of each Cpnformaiice Rule by the phrase “without Feature FEAT, “name of feature”, ..”. An applifation
designatgs a Set of SQL features that the application requires; the SQL language of the applicatjon shall
observe therestrictions of all Conformance Rules except those explicitly relaxed for the required features.
Conversely, conforming SQL-implementations shall identify which SQL features the SQL-implementation
supports. An SQL-implementation shall process every application whose required features are a subset
of the SQL-implementations supported features.

A feature FEAT1 may imply another feature FEATZ2. An SQL-implementation that claims to support FEAT1
shall also support each feature FEATZ implied by FEATI. Conversely, an application need only designate
that it requires FEATI, and may assume that this includes each feature FEATZ implied by FEATI. The list
of features that are implied by other features is shown in a table named “Implied feature relationships
of..” in the Clause named “Conformance” in each part of the ISO/IEC 9075 series. Note that some features
imply multiple other features, and some features imply features defined in other parts. Every claim of
conformance to an optional feature of ISO/IEC 9075 shall meet the conformance requirements of all parts
to which conformance is claimed as if the Conformance Rules, which control the feature, did not exist.
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The Syntax Rules and General Rules may define one SQL syntax in terms of another. Such transformations
are presented to define the semantics of the transformed syntax, and are effectively performed after
checking the applicable Conformance Rules, unless otherwise noted in a Syntax Rule that defines a
transformation. Transformations may use SQL syntax of one SQL feature to define another SQL feature.
These transformations serve to define the behavior of the syntax, and do not have implications for the
feature syntax that is permitted or forbidden by the features so defined, except as otherwise noted in a
Syntax Rule that defines a transformation. A conforming SQL-implementation need only process the
untransformed syntax defined by the Conformance Rules that are applicable for the set of features that
the SQL-implementation claims to support, though with the semantics implied by the transformation.

9.5

An SQL-itpplementation may provide implementation-defined features that are additional to\thosd specified
by ISO/IEC 9075, and may add to the list of reserved words.

NOTE

Extenrsionsamdoptions

3 — Ifadditional words are reserved, then it is possible that a conforming SQL-statement will be processed|incorrectly.

It is implementation-defined (IA009) whether an SQL Flagger flags implemenfation-defined fdatures.

NOTE L4 — An SQL Flagger can flag implementation-defined features using any Feature ID-hot defined by the ISD/IEC9075
series|However, there is no guarantee that some future edition of the ISO/IEC 9075'séries will not use such a Heature ID
for a sfandard-defined feature.

5 — The implementation-defined features flagged by an SQL Flagger can‘include implementation-defirjed features
ore than one SQL-implementation.

6 — The allocation of a Feature ID to an implementation-defined feature possibly differ between SQL Hlaggers.

mentation-defined (IA012) whether an SQL-implementation makes a feature visible/through
_FEATURES view of the Information Schema.

mentation-defined (IE006) whether an.SQL-implementation provides support for additional
ed routines. It is implementation-defined (IE007) whether an SQL-implementation provides

support for additional argument values for SQL*invoked routines.

An SQL-i
invocati
invocati

plementation may provide useroptions to process non-conforming SQL statements ¢r routine
s. An SQL-implementation may provide user options to process SQL statements or rputine
s so as to produce a resultdifferent from that specified in the parts of the ISO/IEC 90f 5 series.

It shall pfoduce such results only when explicitly required by the user option. Additional extenpions and
options rhay be specified in incremental parts of the ISO/IEC 9075 series.

9.6 BQL flagger

An SQL Flagger isafacility, provided by an SQL-implementation, that is able to identify SQL language
extensions, or.other SQL processing alternatives, that may be provided by a conforming SQL-irhplemen-
tation (sgqe Subclause 9.5, “Extensions and options”).

An SQL Flaggerisintended to assistinthe production of SQL tanguage thatis both portableand thteroper-
able among different conforming SQL-implementations operating under different levels of the ISO/IEC
9075 series.

An SQL Flagger is intended to effect a static check of SQL language. There is no requirement to detect
extensions that cannot be determined until the General Rules are evaluated.

An SQL-implementation need only flag SQL language that is not otherwise in error as far as that SQL-
implementation is concerned.
NOTE 17 — If a system is processing SQL language that contains errors, then it can be very difficult within a single statement
to determine what is an error and what is an extension. As one possibility, an SQL-implementation can choose to check SQL

language in two steps; first through its normal syntax analyzer and secondly through the SQL Flagger. The first step produces
error messages for non-standard SQL language that the implementation cannot process or recognize. The second step
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9.6 SQL flagger

processes SQL language that contains no errors as far as that SQL-implementation is concerned; it detects and flags at one
time all non-standard SQL language that could be processed by that SQL-implementation. Preferably, any such two-step
process will be transparent to the end user.

The SQL Flagger assists identification of conforming SQL language that may perform differently in
alternative processing environments provided by a conforming SQL-implementation. It also provides a
tool in identifying SQL elements that may have to be modified if SQL language is to be moved from a non-
conforming to a conforming SQL processing environment.

An SQL Flagger provides one or more of the following “level of flagging” options:

—  Core SQL Flagging;

—  Parf SQL Flagging.

An SQL Flagger that provides one of these options shall be able to identify SQL language |constructs that
violate the indicated subset of SQL language. The subset of SQL language used by “Core SQL Flagging” is
Core SQL[ The subset of SQL language used by “Part SQL Flagging” is Core SQL plus those featured required
for confofmance to a specified Part or Parts of the ISO/IEC 9075 series.

An SQL Flagger may also provide “SQL Feature Flagging”. “SQL Feature Flagging” indicates which optional
features in addition to the indicated subset of SQL language are needed to.make the SQL langupge con-
structs cgnforming.

An SQL Flagger provides one or more of the following “extent of checking” options:

—  Synftax Only;

—  Catplog Lookup.

Under the Syntax Only option, the SQL Flagger analyzes'only the SQL language that is presented] it checks
for violatjons of all Syntax Rules that can be determined without access to the Information Schema. It
does not hecessarily detect violations that depefnd on the data type of syntactic elements, even] if such
violation} are in principle deducible from theSyntax alone.

8 — Further details can be found in Amex D, “SQL optional feature taxonomy”, in ISO/IEC 9075-2, Annlex D, “SQL
al feature taxonomy”, in ISO/IEC 90753, Annex D, “SQL optional feature taxonomy”, in ISO/IEC 9075-4,{Annex D,
“SQL gptional feature taxonomy”, in ISO/IEC 9075-9, Annex D, “SQL optional feature taxonomy”, in ISO/IEC 90[/5-10,
Annex|D, “SQL optional feature taxomoniy”, in ISO/IEC 9075-11, Annex D, “SQL optional feature taxonomy”, in JSO/IEC
9075-13, Annex D, “SQL optional feature taxonomy”, in ISO/IEC 9075-14, Annex D, “SQL optional feature taxofomy”, in

breaches] this option shall view the Definition Schema only through the eyes of a specific Inforjmation
Schema. The flagger does not necessarily execute or simulate the execution of <SQL schema dgfinition

An SQL-i ETTETTtatio oTTfoTTITa o T
implements an SQL flagger with “level of flagging” spe
checking” specified to be “Syntax Only”.

B3 agging’, do fit
cified to be “Core SQL Flagging” and “extent of

An SQL-implementation may claim conformance to Feature F813, “Extended flagging”, if and only if it
implements an SQL flagger with “level of flagging” specified to be “Core SQL Flagging” and “extent of
checking” specified to be “Catalog Lookup”.

9.7 Claims of conformance

9,7.1 How conformance is claimed

A claim of conformance to ISO/IEC 9075 shall include all of the following.
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9.7 Claims of conformance

Acl

aim of minimum conformance.

Zero or more claims of conformance to incremental parts.

Zero or more claims of conformance to optional features.

9.7.2

Requirements for SQL applications

NOTE 19 — Each part of the ISO/IEC 9075 series specifies what is to be stated by claims of conformance to that part, in
addition to the requirements of this Clause.

The term “SQL application” is used here to mean a collection of compilation units that contains one or

more of t

SQIL
Inv

Inv

Te fottowimng:
statements.
pcations of SQL/CLI routines.

pcations of externally-invoked procedures.

A conforming SQL application shall be processed without syntax error, provided that all of the
are true.

Eve
The
The

Thd
cor

A conform]
claimed.

schema contents satisfy the requirements of the SQL application.
SQL-data conforms to the schema contents.

user has not submitted for immediate execution an SQL-statement that is not syntac|
rect.

A claim of conformance by an SQL applicatioh shall also state the following.

Wh
Wh

9.7.3

ht schema contents are required to be supplied by the user.

Requirements for SQL-implementations

ht implementation-defined elements and actions are relied on for correct performande.

following

ry SQL statement or SQL invocation is syntactically correctin.accordance with ISO/IEC 9075.

tically

ning SQL application shall not use additionalfeatures, or features beyond the level of conformance

A conforming SQL-implémentation shall process conforming SQL language according to the asgsociated
General |

A conforr
ated Defi

tules, Definitigns, and Descriptions.

hitionS:and General Rules.

A claim of eonformance by an SQL-implementation shall also state the following.

hing SQL-implementation shall process conforming routine invocations according to the associ-

The definition for every element and action, within the scope of the claim, that ISO/IEC 9075 specifies
to be implementation-defined.

A conforming SQL-implementation that provides additional facilities or that provides facilities beyond
those specified as “Core” shall claim conformance to Feature F812, “Basic flagging”.
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