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Foreword

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

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

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

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

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

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

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

The main changes are as follows:
— native JSON datatype;

— more types of numeric literals;
— additional SQL functions:

— ANY_VALUE,
— BTRIM,

— GREATEST,

— JSON_SCALAR,
— JSON_SERIALIZE,
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— LEAST,
— LPAD,
— LTRIM,
— RPAD,
— RTRIM;

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

— introduction of several digital artifacts;
— alignment with updated ISO house style and other guidelines for creating standards.

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

— ISO/IEC 9075-1, sixth edition;

— ISO/IEC 9075-3, sixth edition;

— ISO/IEC 9075-4, seventh edition;
— ISO/IEC 9075-9, fifth edition;

— [ISO/IEC 9075-10, fifth edition;
— ISO/IEC 9075-11, fifth edition;
— ISO/IEC 9075-13, fifth edition;
— ISO/IEC 9075-14, sixth edition;
— ISO/IEC 9075-15, second edition;
— ISO/IEC 9075-16, first edition.
Alist of all parts in the ISO/IEC 9075 series can be found on the ISO and IEC websites.

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

committees.
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Introduction

The organization of this document is as follows:
1) Clause 1, “Scope”, specifies the scope of this document.

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

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

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

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

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

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

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

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

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

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

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

13) Clause 13, “SQL-client modules”, defines SQL-client modules and externally-invoked procedures.
14) Clause 14, “Data manipulation”, defines the data manipulation statements.

15) Clause 15, “Additional data manipulation rules”, defines additional rules for data manipulation.
16) Clause 16, “Control statements”, defines the SQL-control statements.

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

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

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

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

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

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

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

26) Annex A, “SQL conformance summary”, is an informative Annex. It summarizes the conformance
requirements of the SQL language.

Documents

© ISO/IEC 2023 - All rights reserved Document Sﬁ’é‘ring Hub

Full document details: ISO_IEC 9075-2_2023


http://www.avadocuments.com/doc/iso-iec-9075-2-2023
http://www.avadocuments.com/doc/iso-iec-9075-2-2023

ISO/IEC 9075-2:2023(E)

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

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

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

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

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

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

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

In the text of this document, in Clause 5, “Lexical elements”, through Clause 24, “Status codes”, Subclauses
begin new pages. Any resulting blank space is not significant.
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Information technology — Database language SQL —

Part 2:
Foundation (SQL/Foundation)

1 Scope

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

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

—  for specifying and modifying the structure and the integrity constraints of SQL-data;
— for declaring and invoking operations on SQL-data and cursors;

—  for declaring database language procedures;

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

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

—  for direct invocation of SQL-statements;
—  to support dynamic preparation and execution of SQL-statements.

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

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

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

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

references, the latest edition of the referenced document (including any amendments) applies. 1
ISO/IEC 646, Information technology — ISO 7-bit coded character set for information interchange

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

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

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

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

[SO 7185:1990, Information technology — Programming languages — Pascal

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

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

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

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

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

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

ISO/IEC 10206:1991, Information technology — Programming languages — Extended Pascal
ISO/IEC 10646:2020, Information technology — Universal Multi-Octet Coded Character Set (UCS)
ISO/IEC 11756:1999, Information technology — Programming languages — M

ISO/IEC 14651:2020, Information technology — International string ordering and comparison — Method
for comparing character strings and description of the common template tailorable ordering

ECMA International. ECMA-262 — ECMAScript® Language Specification 5.1 Edition [online]. [Place of
publication unknown]: Available atht t ps: // 262. ecma-i nternational . org/5. 1/ -
ECVA- 262. pdf

1 In this document, ECMAScript Language Specification 5.1 Edition is referenced for the purpose of defining the lexical
elements of the SQL/JSON path language specified in Subclause 9.45, “SQL/JSON path language: lexical elements”, and
Subclause 9.46, “SQL/JSON path language: syntax and semantics”. There are no intentions to update this reference to a
newer edition of ECMA-262.
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2 Normative references

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

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

W3C XQuery and XPath Functions and Operators 3.1 XQuery and XPath Functions and Operators 3.1,
W3C Recommendation. Edited by: Malhotra, Ashok et al. 21 March 2017
Available at: ht t ps: // www. w3. or g/ TR/ xpat h-functi ons/
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3 Terms and definitions

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

ISO 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 Electropedia: available at ht t ps: / / www. el ect r opedi a. or g/

3.1 Definitions taken from ISO/IEC 10646:2020

3.1.1

character encoding form

form that determines how each UCS code point (3.1.2) for a UCS character is to be expressed as one or
more code units used by the encoding form

[SOURCE: ISO/IEC 10646:2020, 3.22]

3.1.2
code point
value in the UCS codespace

[SOURCE: ISO/IEC 10646:2020, 3.9]

3.1.3
code unit
minimal bit combination that can represent a unit of encoded text for processing or interchange

[SOURCE: ISO/IEC 10646:2020, 3.10]

3.14
control character
control function the coded representation of which consists of a single code point (3.1.2)

[SOURCE: ISO/IEC 10646:2020, 3.17]

3.15
noncharacter code point
code point (3.1.2) that consists of FDDO-FDEF and any code point (3.1.2) ending in the value FFFE or FFFF

[SOURCE: ISO/IEC 10646:2020, 7.3.7]

3.1.6
normalization form

mechanisms allowing the selection of a unique coded representation among alternative but equivalent
coded text representations of the same text

[SOURCE: ISO/IEC 10646:2020, 22]

3.1.7
repertoire
specified set of characters that are represented in a coded character set

[SOURCE: ISO/IEC 10646:2020, 3.46]
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3.2 Definitions taken from ISO/IEC 14651:2020

3.2  Definitions taken from ISO/IEC 14651:2020

3.2.1

collation

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

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

3.3 Definitions taken from ISO 8601-1:2019

3.3.1

UTC

Coordinated Universal Time

Time scale with the same rate as International Atomic Time (TAI), but differing from TAI only by an
integral number of seconds

[SOURCE: ISO 8601-1:2019, 3.1.1.12]

3.3.2
date
time on the calendar time scale

[SOURCE: ISO 8601-1:2019, 3.1.1.1]

3.3.3
calendar day of month
ordinal number of a calendar day within a calendar month

[SOURCE: ISO 8601-1:2019, 3.1.2.13]

3.3.4
calendar day of year
ordinal number of a calendar day within a calendar year

[SOURCE: ISO 8601-1:2019, 3.1.2.14]

3.3.5

calendar month

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

[SOURCE: ISO 8601-1:2019, 3.1.2.19]

3.3.6
calendar year
time scale unit defined by the calendar system

[SOURCE: ISO 8601-1:2019, 3.1.2.21]

3.3.7
clock hour
time scale unit whose duration is one hour

[SOURCE: ISO 8601-1:2019, 3.1.2.6]

3.3.8
clock minute
time scale unit whose duration is one minute

[SOURCE: ISO 8601-1:2019, 3.1.2.4]
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3.3 Definitions taken from ISO 8601-1:2019

3.3.9
clock second
time scale unit whose duration is one second

[SOURCE: ISO 8601-1:2019, 3.1.2.2]

3.3.10
day
duration of a calendar day

[SOURCE: ISO 8601-1:2019, 3.1.2.10]

3.3.11
Gregorian calendar
calendar in general use that defines a calendar year that closely approximates the tropical year

[SOURCE: ISO 8601-1:2019, 3.1.1.19]

3.3.12
hour

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

3.3.13
leap second

intentional time step of one second to adjust UTC to ensure appropriate agreement with UT1, a time scale
based on the rotation of the Earth

[SOURCE: ISO 8601-1:2019, 3.1.1.24]

3.3.14
minute
duration of 60 seconds

[SOURCE: ISO 8601-1:2019, 3.1.2.3]

3.3.15
month

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

3.3.16
second

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

3.3.17
year
duration of a calendar year

[SOURCE: ISO 8601-1:2019, 3.1.2.20]
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3.4 Definitions taken from XQuery and XPath Functions and Operators 3.1

3.4 Definitions taken from XQuery and XPath Functions and Operators
3.1

3.4.1

XQuery option flag

valid value of the $f | ags argument of f n: mat ches, to set options for the interpretation of the regular
expression

[SOURCE: XQuery and XPath Functions and Operators 3.1, 5.6.2]

3.4.2
XQuery regular expression

regular expression syntax used by functions as defined in terms of the regular expression syntax specified
in XML Schema

[SOURCE: XQuery and XPath Functions and Operators 3.1, 5.6.1]

3.4.3
XQuery regular expression parenthesized subexpression
regular expression parenthesized subexpression

[SOURCE: XQuery and XPath Functions and Operators 3.1, 5.6.1.3]

344
XQuery replacement string
valid value of the $r epl acenent argument of f n: r epl ace

[SOURCE: XQuery and XPath Functions and Operators 3.1, 5.6.4]

3.5 Definitions provided in this document

3.5.1

assignable, adj.

<of data types, taken pairwise> characteristic of a data type T1 that permits a value of T1 to be assigned
to a site of a specified data type T2, where T1 and T2 may be the same data type

3.5.2

assignment

operation whose effect is to ensure that the value at a site T (known as the target) is identical to a given
value S (known as the source)

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

3.5.3
attribute
component of a structured type (3.5.68)

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

3.5.4
cardinality
<of a collection> number of elements in that collection

Note 1 to entry: Those elements need not necessarily have distinct values. The objects to which this
concept applies include tables and the values of collection types.
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3.5 Definitions provided in this document

3.5.5
comparable, adj.
<of a pair of values> capable of being compared

Note 1 to entry: In most, but not all, cases, the values of a data type can be compared one with another.
For the specification of comparability of individual data types, see Subclause 4.3, “Character strings”,
through Subclause 4.12, “Collection types”.

3.5.6

constructor function

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

Note 1 to entry: An invocation of the constructor function for data type T returns a value V of the most
specific type of T such that Vis not the null value and, for every observer function (3.5.38) O defined for
T, the invocation O(V) returns the default value of the attribute (3.5.3) corresponding to O.

3.5.7
data model

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

3.5.8

declared type

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

3.5.9
distinct, adj.
<of a pair of comparable values> capable of being distinguished within a given context

Note 1 to entry: Informally, two values are distinct if neither is null and the values are not equal. A null
value and a non-null value are distinct. Two null values are not distinct. See Subclause 4.2.5, “Properties
of distinct”, and the General Rules of Subclause 8.15, “<distinct predicate>".

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

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

3.5.12
dyadic, adj.
<of operators, functions, and procedures> having exactly two operands or parameters

“« »

Note 1 to entry: An example of a dyadic operator in this document is “~”, specifying the subtraction of
the right operand from the left operand. An example of a dyadic function is POSITION.

3.5.13
element type
<of a collection type> declared type DT specified in the definition of a collection type CT

Note 1 to entry: The declared type of every element of every value of type CT is DT.

3.5.14
empty row pattern match
row pattern match (3.5.51) that matches no rows
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3.5 Definitions provided in this document

3.5.15

external routine

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

3.5.16

fixed-length, adj.

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

3.5.17
fully qualified, adj.
<of a name of some SQL object> with all optional components specified explicitly

Note 1 to entry: A fully qualified name does not necessarily identify an object uniquely. For example,
although a fully qualified specific name, consisting of a catalog name, a schema name and a specific name,
uniquely identifies a routine, a fully qualified routine name does not necessarily do so.

3.5.18

identical, adj.

<of a pair of values> indistinguishable, in the sense that it is impossible, by any means specified in this
document, to detect any difference between them

Note 1 to entry: For the full definition, see Subclause 9.10, “Determination of identical values”.

3.5.19

interface

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

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

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

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

3.5.23
JSON data model
implicit data model associated with JSON

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

3.5.25
JSON member
JSON string (3.5.29) followed by a colon followed by a JSON value (3.5.33) in a JSON object (3.5.28)

Note 1 to entry: This is also known as a “name-value pair”; the name is sometimes called a “key” and the
second value is sometimes called a “bound value”.
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3.5.26
JSON null
JSON literal (3.5.24) “null”

Note 1 to entry: A JSON null is distinct from an SQL null value and from an SQL/JSON null.

3.5.27

JSON number

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

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

3.5.29
JSON string
Unicode character string

Note 1 to entry: Some characters must be “escaped” by preceding them with a reverse solidus (“\”), while
any or all characters can be represented in “Unicode notation” comprising the string “\u” followed by
four hexadecimal digits or two such strings representing the UTF-16 surrogate pairs representing char-
acters not on the Basic Multilingual Plane (strings are surrounded by double-quote characters, which
are not part of the value of the strings).

Note 2 to entry: This applies only to JSON tokens (3.5.32) in JSON text (3.5.30).

3.5.30

JSON text

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

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

3.5.32

JSON token

one of six structural characters (“{", “}", “[", “1", “:", "), JSON strings (3.5.29), JSON numbers (3.5.27), and
JSON literals (3.5.24)

3.5.33

JSON value

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

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

« n

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

3.5.35
most specific type
<of a value> unique data type of which every data type of that value is a supertype
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3.5 Definitions provided in this document

3.5.36

mutator function

dyadic, type-preserving SQL-invoked function (3.5.62) implicitly defined by the definition of an
attribute (3.5.3) of a structured type (3.5.68) that, when invoked, modifies the value of the attribute (3.5.3)
with which it is associated

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

3.5.38

observer function

monadic SQL-invoked function (3.5.62) associated with an attribute (3.5.3) of a structured type (3.5.68)
that, when invoked, returns the value of the attribute (3.5.3) with which it is associated

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

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

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

3.5.41
REF value
value that references some site

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

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

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

3.5.45

result set

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

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

3.5.47

result SQL parameter

SQL parameter (3.5.66), the most specific type (3.5.35) of the value of which determines the

most specific type (3.5.35) of the result of the SQL-invoked function (3.5.62) of which it is a parameter
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3.5.48

returned result set

result set (3.5.45) created during execution of an SQL-invoked procedure (3.5.63) and not destroyed when
that execution terminates

Note 1 to entry: Such a result set (3.5.45) can be accessed by using a cursor other than the one that
brought it into existence (a received cursor).

3.5.49

row pattern

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

3.5.50

row pattern input table

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

3.5.51

row pattern match

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

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

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

3.5.54

row pattern measure column

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

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

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

3.5.57

row pattern partition

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

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

3.5.59
savepoint
point within an SQL-transaction, identified by a savepoint name, to which that SQL-transaction may be
restored
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3.5.60

signature

<of an SQL-invoked routine (3.5.64)> name of an SQL-invoked routine (3.5.64), the position and declared
type of each of its SQL parameters (3.5.66), and an indication of whether it is an

SQL-invoked function (3.5.62) or an SQL-invoked procedure (3.5.63)

3.5.61
SQL argument

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

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

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

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

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

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

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

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

3.5.69
subfield

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

3.5.70
subtype
<of a data type> data type T2 such that every value of T2 is also a value of data type T1

Note 1 to entry: If T1 and T2 are not compatible, then T2 is a proper subtype of T1. “Compatible” is defined
in Subclause 4.2.4, “Data type terminology”. See also supertype (3.5.71).

3.5.71
supertype
<of a data type> data type T1 such that every value of T2 is also a value of data type T1

Note 1 to entry: If T1 and T2 are not compatible, then T1 is a proper supertype of T2. “Compatible” is
defined in Subclause 4.2.4, “Data type terminology”. See also subtype (3.5.70).
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3.5.72

transliteration

method of translating characters in one character set into characters of the same or a different character
set

3.5.73
type-preserving function
SQL-invoked function (3.5.62), one of whose parameters is a result SQL parameter (3.5.66)

Note 1 to entry: The mostspecific type (3.5.35) of the value returned by an invocation of a type-preserving
function is identical to the most specific type (3.5.35) of the SQL argument value substituted for the result
SQL parameter (3.5.66).

3.5.74

union row pattern variable

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

3.5.75

universal row pattern variable

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

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

3.5.77

variable-length, adj.

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

3.5.78
with-return cursor
cursor that, when opened, creates a result set that is capable of becoming a returned result set

Note 1 to entry: The WITH RETURN option of <declare cursor>, <dynamic declare cursor>, and <allocate
extended dynamic cursor statement> specifies a with-return cursor. WITH RETURN may also be specified
in the content of an <attributes variable> in a <prepare statement>, to indicate that the prepared statement,
when opened as a dynamic cursor, creates a with-return cursor.
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4 Concepts

This Clause is modified by Clause 4, “Concepts”, in ISO/IEC 9075-3.
This Clause is modified by Clause 4, “Concepts”, in ISO/IEC 9075-4.
This Clause is modified by Clause 4, “Concepts”, in ISO/IEC 9075-9.
This Clause is modified by Clause 4, “Concepts”, in 1ISO/IEC 9075-10.
This Clause is modified by Clause 4, “Concepts”, in ISO/IEC 9075-11.
This Clause is modified by Clause 4, “Concepts”, in ISO/IEC 9075-13.
This Clause is modified by Clause 4, “Concepts”, in ISO/IEC 9075-14.
This Clause is modified by Clause 4, “Concepts”, in ISO/IEC 9075-15.
This Clause is modified by Clause 4, “Concepts”, in ISO/IEC 9075-16.

4.1 Notations and conventions

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

41.1 Notations

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

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

The syntax defined in this document is available from the ISO website as a “digital artifact”. See
https://standards.iso.org/iso-iec/9075/-2/ed-6/en/ todownload digital artifacts for
this document. To download the syntax defined in a plain-text format, select the file named

I SO | EC 9075- 2( E) _Foundati on. bnf . t xt. To download the syntax defined in an XML format,
select the file named | SO | EC 9075- 2( E) _Foundati on. bnf . xni .

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

An SQL-statement S1 is said to be executed as a direct result of executing an SQL-statement if 51 is the
SQL-statement contained in an <externally-invoked procedure> or <SQL-invoked routine> that has been
executed.
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4.1 Notations and conventions

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

4.2 Data types

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

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

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

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

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

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

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

— [slarray type: ARRAY;

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

— row type: ROW.

[slArray types and multiset types are known generically as collection types. SQL defines a category of data
types known as collection types. The collection types are:

— array type;
—  multiset type.

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

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

A user-defined type is either a distinct type or a structured type. User-defined types are described in
Subclause 4.9, “User-defined types”.
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4.2 Data types

4.2.2 Naming of predefined types

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

bo]14]SQL defines predefined data types named by the following <key word>s:
CHARACTER
CHARACTER VARYING
CHARACTER LARGE OBJECT
BINARY
BINARY VARYING
BINARY LARGE OBJECT
NUMERIC
DECIMAL
SMALLINT
INTEGER
BIGINT
FLOAT
REAL
DOUBLE PRECISION
DECFLOAT
BOOLEAN
DATE
TIME
TIMESTAMP
INTERVAL
JSON

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

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

bol14]For reference purposes:

—  Thedatatypes CHARACTER, CHARACTER VARYING, and CHARACTER LARGE OBJECT are collectively
referred to as character string types and the values of character string types are known as character
strings.

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

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

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

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

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

—  Exactnumeric types, approximate numeric types, and the decimal floating-point type are collectively
referred to as numeric types. Values of numeric types are referred to as numbers.

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

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

—  The data types DATE, TIME, and TIMESTAMP are collectively referred to as datetime types.
—  Values of datetime types are referred to as datetimes.
—  Thedatatype INTERVAL is referred to as an interval type. Values of interval types are called intervals.

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

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

4.2.3 Host language data types

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

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

—  Subclause 11.60, “<SQL-invoked routine>"
—  Subclause 21.1, “<embedded SQL host program>"

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

4.2.4  Data type terminology

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

The notion of a constituent of a declared type DT is defined recursively as follows:
— DTis a constituent of DT;
— If DTis arow type, then the declared type of each field of DT is a constituent of DT;

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

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

— TYis UDT;

— TYis areference type whose referenced type is UDT;

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

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

A structured type ST is directly based on a data type DT if and only if at least one of the following is true:
—  DTis the declared type of some attribute of ST;

— DTisadirect supertype of ST;

— DTisadirect subtype of ST;

— DT is compatible with ST.

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

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

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

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

NOTE 2 — The data types “CHARACTER(n) CHARACTER SET CS1” and “CHARACTER(m) CHARACTER SET (CS2”, where CS1
+ €S2, have descriptors that include the same data type name (CHARACTER), but are not mutually assignable; therefore,
they are not compatible.

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

The general definition of S-ordered is as follows.

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

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

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

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

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

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

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

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

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

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

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

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

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

— Atype Tis ST-FC-ordered if T is S-ordered, where S is the set of structured types with FULL compar-
ison form.

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

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

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

— Atype Tis UDT-FC-ordered if T is either DT-FC-ordered or ST-FC-ordered

— Atype Tis UDT-NC-ordered if T is either DT-NC-ordered or ST-NC-ordered.

4.2.5 Properties of distinct

Two comparable values are distinct if they are capable of being distinguished within a given context.
Two null values are not distinct.

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

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

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

4.3.1 Introduction to character strings

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

A character string type is described by a character string type descriptor. A character string type descriptor
contains:

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

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

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

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

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

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

The <key word>s NATIONAL CHARACTER are used to specify the character type with an implementation-
defined (IV099) character set. Special syntax (N stri ng' ) is provided for representing literals in that
character set.

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

Character sets fall into three categories: those defined by national or international standards, those
defined by SQL-implementations, and those defined by applications. The character sets defined by ISO/IEC
10646:2020 are known as Universal Character Sets (UCS) and their treatment is described in

Subclause 4.3.8, “Universal character sets”. Every character set contains the <space> character (equivalent
to U+0020). An application defines a character set by assigning a new name to a character set from one
of the first two categories. They can be defined to “reside” in any schema chosen by the application.
Character sets defined by standards or by SQL-implementations reside in the Information Schema (named
INFORMATION_SCHEMA) in each catalog, as do collations defined by standards and collations, translit-
erations, and transcodings defined by SQL-implementations.

NOTE 3 — The Information Schema is defined in ISO/IEC 9075-11.
4.3.2 Comparison of character strings

Two character strings are comparable if and only if either they have the same character set or there exists
at least one collation that is applicable to both their respective character sets (which is possible only if
the character sets share the same repertoire).
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NOTE 4 — There are syntactic possibilities in which a comparison operation has two equally worthy collations available
to compare two character string operands. Such syntax is a syntax error, even though the operands could be compared if
one or the other of the two collations was designated as the collation to use. For example, if T.C1 is a column whose collation
is COLLATION1 and T.C2 is a column whose collation is some other collation COLLATIONZ2, then

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

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

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

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

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

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

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

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

For every character set, there is at least one collation.
4.3.3 Operations involving character strings

4.3.3.1 Regular expression syntaxes

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

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

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

4.3.3.2 Operators that operate on character strings and return character strings

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

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

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

—  Step 2: If the source string S does not satisfy the predicate
'S SIMLARTO'RL' || 'R || 'R3
then the result is the null value.

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

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

—  Step 4: Next, S23 is partitioned into two substrings S2 and $3 such that S3 is the shortest final sub-
string such that the following is true:

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

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

Pattern: | p _ ~z7z M N~ AN v — N
N R~/ N AR2_A v R, \
\ | 7/ _
N RN/ | NAR2Z_A| v TR\
Step 2
Does Not
s - N »
Source: — — S — _— - Satisfy Return Null
Satisfies ]
N _R~ \NAR2_A| v RN
Shortest Step 3
Match
—S1_ sz
N R2_A v R\
Shortest
\ / el Ch/ Step 4
} B s3 )

l

The Result L — =82 —

Figure 1 — Operation of <regular expression substring function>

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

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

<character overlay function> is a function, OVERLAY, that modifies a string argument by replacing a given
substring of the string, which is specified by a given numeric starting position and a given numeric length,
with another string (called the replacement string). When the length of the substring is zero, nothing is
removed from the original string and the string returned by the function is the result of inserting the
replacement string into the original string at the starting position.
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<fold> is a pair of functions for converting all the lower-case and title case characters in a given string
to upper-case (UPPER) or all the upper-case and title case characters to lower-case (LOWER). A lower-
case character is a character in the Unicode General Category class “L1” (lower-case letters). An upper-
case character is a character in the Unicode General Category class “Lu” (upper-case letters). A title case
character is a character in the Unicode General Category class “Lt” (title-case letters).

NOTE 5 — Case correspondences are not always one-to-one: the result of case folding is sometimes of a different length in
characters than the source string. For example, U+00DF, “3”, Latin Small Letter Sharp S, becomes “SS” when folded to upper-
case.

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

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

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

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

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

For any pair of character sets, there are zero or more transliterations that may be invoked by a <character
transliteration>. A transliteration is described by a transliteration descriptor. A transliteration descriptor
includes:

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

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

4.3.3.3 Other operators involving character strings

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

<position expression> determines the first position, if any, at which one string, S1, occurs within another,
S§2.1f §1 is of length zero, then it occurs at position 1 (one) for any value of S2. If S1 does not occur in S2,
then zero is returned. The declared type of a <position expression> is exact numeric.

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

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

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

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

<regex like predicate> is a predicate, LIKE_REGEX, that performs XQuery regular expression matching.
4.3.3.4 Operations involving large object character strings

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

—  <null predicate>;

—  <like predicate>;

—  <similar predicate>;

—  <position expression>;

—  <regex like predicate>;

—  <regex position expression>;

—  <regex occurrences function>;

—  <regex substring function>;

—  <regex transliteration>;

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

—  <quantified comparison predicate> with the <equals operator> or <not equals operator>.
As a result of these restrictions, large object character strings cannot be used in (among other places):
—  predicates other than those listed above and the <exists predicate>;

—  <general set function>;

—  <group by clause>;

—  <order by clause>;

—  <unique constraint definition>;

—  <referential constraint definition>;
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—  <selectlist> of a <query specification> that has a <set quantifier> of DISTINCT;
— UNION, INTERSECT, and EXCEPT;
—  columns used for matching when forming a <joined table>.

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

4.3.4 Character repertoires

An SQL-implementation supports one or more character repertoires. These character repertoires may
be defined by a standard or be implementation-defined (I1A015).

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

—  The name of the character repertoire;
—  The name of the default collation for the character repertoire.
The following character repertoire names are specified as part of the ISO/IEC 9075 series:

—  SQL_CHARACTER is a character repertoire that consists of the <SQL language character>s as specified
in Subclause 5.1, “<SQL terminal character>". The name of the default collation is SQL_CHARACTER;

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

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

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

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

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

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

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

NOTE 6 — The normative provisions of this document impose no requirement that any character repertoire have equivalents
for any of these characters except U+0020 (<space>); however, by reference to this definition of whitespace, they do impose
the requirement that every equivalent for one of these is recognized as a whitespace character.

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

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

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

—  The name of the character encoding form;
—  The name of the character repertoire to which it is applicable.
The following character encoding form names are specified as part of the ISO/IEC 9075 series:

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

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

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

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

— UTF32is the character encoding form specified in ISO/IEC 10646:2020, in which each character is
encoded as four octets. It is applicable to the UCS character repertoire;

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

—  UTF8is the character encoding form specified in ISO/IEC 10646:2020, in which each character is
encoded as from one to four octets. It is applicable to the UCS character repertoire;

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

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

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

UTF8 < UTF16 < UTF32

4.3.6 Collations

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

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

—  Alist of the names of the character sets to which the collation can be applied;
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