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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

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

work

The procedures used to develop this document and those intended for its further maintenang

descrjibed in the ISO/IEC Directives, Part 1. In particular, the different approval criterianeeded f;rtr the

differfent types of document should be noted. This document was drafted in accordance with the ed
rules of the ISO/IEC Directives, Part 2 (see www.isofovg /directives
wwwiiec.ch/members experts/refdocs).

ISO apd IEC draw attention to the possibility that the implementation of this$ document may involy

n the

€ are

orial

or

e the

use of (a) patent(s). ISO and IEC take no position concerning the evidencg,validity or applicability ¢f any

claimled patent rights in respect thereof. As of the date of publicationofthis document, ISO and IEd
not received notice of (a) patent(s) which may be required tofimplement this document. Hoy
impldmenters are cautioned that this may not represent the latest information, which may be obt
from [the patent database available at www.iso.org/patents and https://patents.iec.ch. ISO and IE(
not be held responsible for identifying any or all such patentrights.

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

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

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

This [sixth edition canceéls and replaces the fifth edition (ISO/IEC 9075-1:2016), which has
technfically revised.dt also incorporates the Technical Corrigendum ISO/IEC 9075-1:2016/Cor.1:2(

The main changes are as follows:

— dition and refinement of the terms and concepts to support new data types require

have
Fever,
hined
shall

S not

E and
\Vorld
see

blogy,

been
22.

d by

incremental parts;

— 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.

X © ISO/IEC 2023 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iec.ch/members_experts/refdocs
http://www.iso.org/patents
https://patents.iec.ch/iec/pa.nsf/pa_h.xsp?v=0
https://www.iso.org/iso/foreword.html
https://www.iec.ch/understanding-standards
https://standardsiso.com/api/?name=106a71f3eddf752c9c89c20309a1c1dc

ISO/IEC 9075-1:2023(E)

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;

[

50/1EC 9075-9, fifth edition;

et

b0 /1EC 9075-10, fifth edition;

Yt

b0/1EC 9075-11, fifth edition;

et

50 /IEC 9075-13, fifth edition;

—

50 /IEC 9075-14, sixth edition;

et

50 /IEC 9075-15, second edition;

et

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

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

The organization of this document is as follows:

1)
2)

3)

4)
5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

xii

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

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

rdocumeTt, constitute provisions of the 1SO7/TE€ 9075 series:

Clause 3, “Terms and definitions”, defines terms and definitions used in this document and in ¢ther
parts of the ISO/IEC 9075 series.

Clause 4, “Concepts”, describes the concepts used in the ISO/IEC 9075 series.

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

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

Clause 7, “Annexes to the parts of the ISO/IEC 9075 series”, describes the content of annexes pf
other parts of the ISO/IEC 9075 series.

Clause 8, “Status codes”, defines values that identify the status of the execution of SQL-statenfents
and the mechanisms by which those values are returned.

Clause 9, “Conformance”, specifies requirements.that apply to claims of conformance to all or $ome
of the parts of the ISO/IEC 9075 series.

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

Annex B, “Implementation-defined eléments”, is an informative Annex. It lists those features for
which the body of this documentstates that the syntax, the meaning, the returned results, the ¢ffect
on SQL-data and/or schemas, or other aspect is partly or wholly implementation-defined.

Annex C, “Implementation-dependent elements”, is an informative Annex. It lists those featurg¢s for
which the body of this document states that the syntax, the meaning, the returned results, the ¢ffect
on SQL-data and/or(schemas, or other aspect is partly or wholly implementation-dependent.

Annex D, “SQL optional feature taxonomy”, is an informative Annex. It identifies features of th¢ SQL
language specified in this document by an identifier and a short descriptive name. This taxonjomy
is used to specify conformance.

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

“ R . ) s , . — L ibil-
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
procedures for maintenance and interpretation of the ISO/IEC 9075 series.

© ISO/IEC 2023 - All rights reserved
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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 |[document describes the conceptual framework used in other parts of the ISO/IEC9075 serieq to
speclfy the grammar of SQL and the result of processing statements in that language by an SQL-imple-
menfation.

Thisdocument also defines terms and notation used in the other parts of the'[SO/IEC 9075 series.

© ISO/IEC 2023 - All rights reserved 1
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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 (inr‘hlding any ampndmpnrq) app]ipc

ISP/IEC 646, Information technology — ISO 7-bit coded character set for information interch@nge

ISP/IEC 9075-2, Information technology — Database languages — SQL — Part 2: Foundation
(SQL/Foundation)

ISP/IEC 9075-3, Information technology — Database languages — SQL — Part 3:Call-Level Interfface
(SRPL/CLI)

ISP/IEC 9075-4, Information technology — Database languages — SQL —\Part 4: Persistent Store¢d
Modules (SQL/PSM)

%)

ISP/IEC 9075-9, Information technology — Database languages — SQL — Part 9: Management of
External Data (SQL/MED)

ISP/IEC 9075-10, Information technology — Database languagés — SQL — Part 10: Object Langyiage
Bihdings (SQL/OLB)

ISP/IEC 9075-11, Information technology — Databasellanguages — SQL — Part 11: Informationjand
Ddfinition Schemas (SQL/Schemata)

ISP/IEC 9075-13, Information technology — Patabase languages — SQL — Part 13: SQL Routine§ and
Tyfpes Using the Java™ Programming Language (SQL/JRT)

ISP/IEC 9075-14, Information technology.— Database languages — SQL — Part 14: XML-Related
Speecifications (SQL/XML)

ISP/IEC 9075-15, Information technology — Database languages — SQL — Part 15: Multidimensjonal
Anfrays (SQL/MDA)

ISP/IEC 9075-16, Information technology — Database languages — SQL — Part 16: Property Grdph
Queries (SQL/PGQ)

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

ISP/IEC 14651 Information technology — International string ordering and comparison — Methdd for
comparing<haracter strings and description of the common template tailorable ordering

%]
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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:

3.1

3.1.1
char
mem

Note

document, when the relevant character repertoire is UCS, a character¢an be thought of as that whi

repre
[SOU

3.2

3.2.1

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

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

Definitions taken from ISO/IEC 10646:2020

acter
ber of a set of elements used for the organization, control, or representation of textual data

1 to entry: This is identical to abstract character as defined by The.Unicode® Standard. In th

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

Definitions provided in this document

inca

3.2.2
coluj
field

3.2.3
com

segnj

atorIic, adj.

able of being subdivided

mn
of the row type of a table

pilation unit
ent of executable code)possibly consisting of one or more subprograms

3.2.4
data
set o

3.2.5
desc
code|

type
[ representable values

riptor
ddescription of the metadata of an SQL object

ch is

3.2.6

field

(field name, data type) pair

Note

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

3.2.7
identifier
object by which something is identified
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3.2 Definitions provided in this document

3.2.8

iden

tify, 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

3.2.70

imp
poss
requ

3.2.1
insta
<of 4

Note
its v4

3.2.1
null

spec
3.2.1
obje
<asi
inde
Note
sche

3.2.1

persistent, adj.

cont

Note

ementation-dependent, adj.

red to be specified by the implementor for a particular SQL-implementation

1
nce
value> physical representation of a value

1 to entry: Each instance is at exactly one site. An instance has a data type’that is the data typ
lue.

2
value

al value that is used to indicate the absence of any data value

3
ct

h “x object”> thing that is a component of, or is otlierwise associated with, some x and cannot
bendently of that x

1 to entry: For example, an SQL object is anrobject that exists only in the context of SQL; an S
ma object is an object that exists in someSQL-schema.

4

nuing to exist indefinitely, until destroyed deliberately

1 to entry: Referential and ¢ascaded actions are regarded as deliberate. Actions incidental to

ter

3.2.15
property

<of

3.2.16

row

valu¢ ofa rOW type, i.e., a sequence of field values; for rows in a table, a sequence of column values

3.2.17

ination of an SQL-transdction or an SQL-session are not regarded as deliberate.

object> attribute, quality, or characteristic of the object

bly differing between SQL-implementations, but not specified by the ISO/IEC 9075 series)and not

e of

Pxist

RL-

the

scop

e

<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

scop

e

<ofaname or declaration> one or more BNF non-terminal symbols within which the name or declaration
is effective
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3.2 Definitions provided in this document

3.2.19
scope
<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
plac¢ occupied by an instance of a value of some specified data type (or subtype of that data type)

Note|1 to entry: A conforming SQL-implementation is an SQL-implementation that satisfies the reqpire-

string of characters that conforms to the Format and Syntax Rules specified in the parts of the ISO/IEC

sequence of one\or more characters that have the Unicode property White_Space
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4

Concepts

4.1 Whatis SQL?

manggement systems (RDBMS).

SQL 1s based on, but is not a strict implementation of, the relational modélof data Relational Model
making SQL “pseudo-relational” instead of truly relational. There are two principal ways in which §
breaks from the relational model.

The

standlard as a “schema manipulation language” that supports the creation and destruction of datah
objegts, such as tables, columns, and integrity constraints; and a data manipulation language that a

the

An egpecially important characteristic of SQL is that it is declarative (as opposed to procedural) in nat
tlis, SQL’s syntax and-'semantics allow application writers to specify the rules by which results may
be cqmputed by an<SQL system, rather than specifying the algorithms by which those results must
comﬂ)uted. This contrasts with earlier database languages that required the details specification of
by-s

Tha

4.2 Use of terms

OTE 1 — Many books and articles “define” SQL by parenthetically claiming that the letters stand for*Structured Q

anguage”. While this was undoubtedly true for the original prototypes, it is not true of the standard\When the lettd
appear in product names, they have often been assigned this meaning by the product implementers;but users are ill-
by claims that the word “structured” accurately describes the language. In the SQL standard, the letters do not stand
apything at all. There are afficionados who assert that the letters stand for “SQL Query Language”, a recursive acron;
the tradition of GNU (GNU’s Not Unix) and SPARQL (SPARQL Protocol And RDF Query Language).

The relational model requires that every relation® have 1o duplicate rows (that is, rows for wj
all corresponding attributes have equal values). A consequence of this requirement is that ev
relation has a primary key. SQL does not enforce this requirement, but provides syntax that pe
application developers to enforce the requirement@as needed.

The relational model does not specify or recoghize any sort of flag or other marker that repre
unspecified, unknown, or otherwise missing'data values. Consequently, the relational model dep

of null values, SQL also depends on three-valued (true/false/unknown) logic.

$QL standard defines two distinct aspects of the language: a data definition language (known i

retrieval, creation, modifieation, and deletion of data.

ep algorithms to retrieve, filter, and format the data required by applications.

QL

hich

Pry
'mits

bents
ends

only on two-valued (true/false) logic. SQEprovides a “null value” that serves this purpose. In support

n the
ase
lows

11re.2

be
Step-

The concepts on which the ISO/TEC 9075 Series 1s 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

1

anguages 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 SQ)L-environment comprises:
— |one SQL-agent;
— | one SQL-implementation;

— | zero or more SQL-client modules, containing externally-invoked procedures available to the §QL-
agent;

— | zero or more authorization identifiers;
— | zero or more user mappings;
— |zero or more routine mappings;

— | zero or more catalogs, each of which contains one or more'SQL-schemas, zero or more foreig
server descriptors, and zero or more foreign-data wrappeér descriptors;

-

— | thesites, principally base tables, that contain SQL-data; as described by the contents of the schgmas;
this data may be thought of as “the database”, but'the term is not used in the ISO/IEC 9075 sdfries,
because it has different meanings in the more gerieral context.

4.4.2 SQL-agents

An SQL-agent is that which causes the execution of SQL-statements. In the case of the direct invoca‘Eon
of SQL (see Subclause 5.3.2.4, “Direct invocation of SQL”), it is implementation-defined (IW002). Alter-
natively, it may consist of one or more.compilation units that, when executed, invoke externally-invjoked
procgdures 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
bourld, and one'or more SQL-servers. An SQL-implementation is able to conform to ISO/IEC 9075 without
allowing merethan one SQL-server to exist in an SQL-environment.

se an SQL-implementation can be specified only in terms of how it executes SQL-statements,|the
ala' aaenolre ll ‘ll a e_0O one 0 A a a a lll'.':‘.l.l lll-! 075
at 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
mangges SQL-data.

Each|SQL-server:
— | manages the SQL-session taking place over the SQL-connection between itself and the SQL-client;
— | executes SQL-statements received from the SQL-client, receiving and sending data as requiref;

— | maintains the state of the SQL-session, including the authorization identifies and certain sesdion
defaults.

4.4.4 SQL-client modules

An SQL-client module is a module that is explicitly created and dropped by implementation-defined
(IWQ03) mechanisms.

An SQQL-client module does not necessarily have a name; if it:does, the permitted names are implemen-
tatioh-defined (IA094).

An SQ)L-client module contains zero or more externallyinvoked procedures. An externally-invoked pro-
cedufe consists of a single SQL-statement. An externally-invoked procedure is invoked from a compilption
unit pf a host language.

Exacfly one SQL-client module is associated,with an SQL-agent at any given time. However, in the cpse
of either direct binding style or SQL/CLI, this may be a default SQL-client module whose existence is not
apparent to the user.

4.4.5 User identifiers

A usgr identifier represents auser. The means of creating and destroying user identifiers, and their
mapping to real users, is net specified by the ISO/IEC 9075 series.

4.4.6 Roles

A rolg is a potentialgrantee and grantor of privileges and of other roles. A role can also own schema} and
other objects,

A role authgrization permits a grantee (see Subclause 4.8.11, “Privileges”) to use every privilege granted
to the role.'It also indicates whether the role authorization is grantable, in which case the grantee is
authprized 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-

sessipmrthroughrtheexecutiomrof <prepare statement>sand <exectute mmmediate statement>s s imigially
implementation-defined (ID006) but may be changed by the use of <set catalog statement>s.

4.4.9.2 SQL-schemas

An SQL-schema, often referred to simply as a schema, is a persistent, named collection‘of-descriptois. An
obje¢t whose descriptor is in some SQL-schema is known as an SQL-schema object;

A schlema, the schema objects in it, and the SQL-data described by them are said.té be owned by the
authprization identifier associated with the schema.

SQL-schemas are created and destroyed by execution of SQL-schema statements (or by implementdtion-
definled (IW006) mechanisms).

4.4.9.3 Information Schema

Every catalog contains an SQL-schema with the name INFORMATION_SCHEMA that includes the descriptors
of a number of schema objects, mostly view definitions, that'together allow every descriptor in thalt
catalpg to be accessed, but not changed, as though it was:SQL-data.

The data available through the views in an Information Schema includes the descriptors of the Informption
Schema itself. It does not include the schema objeets or base tables of the Definition Schema (see
Subdause 4.4.9.4, “Definition Schema”).

Each|Information Schema view is so specified that a given user can access only those rows of the view
that represent descriptors on which thatuser has privileges.

, the
D075

municate w1th a forelgn server. The data managed by a forelgn 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.

© ISO/IEC 2023 - All rights reserved 9


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

ISO/IEC 9075-1:2023(E)
4.4 SQL-environments and their components

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 expression> that immediately contains an <order by clause>. The columns of a table are
field$ of the row type of the table. Each column has a name and a data type. Each row has exaetly-ohe
valug¢ for each column C, and the data type of that value is the data type of C.

SQL-data consists entirely of table variables, called base tables. An operation that referene€’s zero or more
baseltables and returns a table is called a query. The result of a query is called a derived table. The yows
of a derived table may be ordered.

The 1ows of a table have a type, called “the row type”; every row of a table has‘the same row type, Which
is aldo the row type of the table. A table that is declared to be based on sone structured type is called a

“typed table”; its columns correspond in name and declared type to the attsibutes of the structured ftype.
Typé€d tables have one additional column, called the “self-referencing éolumn” whose type is a refefence
typelassociated with the structured type of the table.

Ifa typed table TB1 has an associated structured type TP1 thati9asubtype of some other structured type
TP2,then TB1 can be defined to be a “subtable” of a typed table' TBZ whose associated type is TPZ;|TB2
is, in[this case, a “supertable” of TB1.

is a named query, which can be invoked by use:6fthis name. The result of such an invocatiof is
callefl a viewed table.

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

No tyvo columns of a base table or a viewed table can have the same name. Derived tables, other thpn
viewgd tables, may contain more than one column with the same name.

A bage table is either a schema ‘ebject (its descriptor is in a schema; see Subclause 4.8.5, “Base tablef and
theirjcomponents”) or a medule object (its descriptor is in a module; see Subclause 4.11, “Moduleq”). A
baseltable whose descriptor'is in a schema is called a created base table, and may be either persistent or
temporary (though its:deScriptor is persistent in either case). A persistent base table contains 0 (zero) or
moreg rows of persistent SQL-data. A persistent base table is either a regular persistent base table of a

systen-versioned table. System-versioned tables differ from regular persistent base tables in two njajor
respects:

— | systém:versioned tables have two columns of datetime type whose values are generated autdmat-
ieally;

— 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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4.5 Tables

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-fjame
of a predefined or constructed data type is a reserved word specified by that part of the ISOAIEC 9075

serigs that specifies the data type. The name of a user-defined type is provided in its definition. A yser-
defirled 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 therefore providgd by
the JQL-implementation. A data type is predefined even though the user is required (or allowed) t
provjde certain parameters when specifying it (for example, the precision of @aniumber).

=

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, EXTRAGT) that is capable of selecting
part pf a string or datetime value does not imply that a string or datefirne is not atomic.

A comstructed type is either atomic or composite. A composite type'is a data type each of whose vajues
is composed 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 keyword NULL.
This [value differs from other values in the following respects.

— [ Since the null value is in every data type;the data type of the null value implied by the keywojrd
NULL cannot be inferred; hence NULL can be used to denote the null value only in certain contexts,
rather than everywhere that a literalis permitted.

— | Although the null value is neither equal to any other value nor not equal to any other value — it is
unknown whether or not jtis‘equal to any given value — in some contexts, multiple null valugs are
treated together; for example, the <group by clause> treats all null values together.

4.6.3 Predefined types

4.6.3.1 Numerietypes

Therg are three ‘classes of numeric type: exact numeric, which includes integer types and types with
speclfied precision and scale; approximate numeric, which is essentially binary floating point, and I1(1)r
which a precision may optionally be specified; and decimal floating point, which is essentially decimal

float{ng'peint. A precision may optionally be specified for both approximate numeric and decimal flopting
poin L 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 chgracter 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 thé nationul
charqicter set may be specified by specifying NATIONAL CHARACTER, NATIONAL CHARACTER 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 1gngth
or offvariable length, up to an implementation-defined (IL003) maximum-A'value of binary large dbject
type |s a string of octets. A binary large object string is of variable length,"up to some implementati¢n-

defirled (IL004) 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 sometimes repre-
sent¢d by the null value.

4.6.3.5 Datetime types

Therg are three datetime types, each of which specifies values comprising datetime fields.

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

A value of data type TIME comprises values of the datetime fields HOUR, MINUTE and SECOND.

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 precjsion.

TIMESTAMP and TIME may also be specified as being WITH TIME ZONE, in which case every valug has
assofiated with it a time zone displacement. In comparing values of a data type WITH TIME ZONE|the
valug¢ of the"time zone displacement is disregarded.

4_ 6 P & Intoerval fvynec
L] [ \vJ IIILC1I vadl ‘r.yl.'ba

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.
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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 collection comprises zero or more elements of a specified data type known as the element type.

An afray is an ordered collection of not necessarily distinct values, whose elements’are referenced|by
theirfordinal position in the array.

An afray type is specified by an array type constructor.

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

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

A myltiset type is specified by a multiset type constructor:

4.6.5.2 Row types

A roW type is a sequence of one or more fields-A value of a row type is the sequence of values of its flelds.

4.7| Sites and operations on sites

4.7.1 Sites

A site is a place that holds ansnstance of a value of a specified data type. Every site has a defined dggree
of persistence, independent ofits data type. A site that exists until deliberately destroyed is said to|be
persistent. A site that necessarily ceases to exist on completion of a compound SQL-statement, at th¢ end
of an| SQL-transaction;er at the end of an SQL-session is said to temporary. A site that exists only fdr as
long s necessary t6 hold an argument or returned value is said to be transient.

As indicated aboye, the principal kind of persistent or temporary site is the base table. A base tablq is a
spec]al kind of'site, in that constraints can be specified on its values, which the SQL-implementatiop is
requjred.torenforce (see Subclause 4.8.5.4, “Table constraints”).

Somg¢ sites may be referenced by their names — for example, base tables and SQL variables (see ISQ/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 General SQL-schema object information

An SQL-schema object has a descriptor. The descriptor of a persistent base table describes a persistent
obje¢t that has a separate, though dependent, existence as SQL-data. Other descriptors«describe SQL
obje¢ts that have no existence distinct from their descriptors (at least as far as the ISOYIEC 9075 sgries
is copcerned). Hence there is no loss of precision if, for example, the term “assertian’~is used when
“assgrtion descriptor” would be more strictly correct.

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

— | base tables and views;

— |domains and user-defined types;

— | table constraints, domain constraints, and assertions;
— | SQL-server modules;

— |triggers;

— | SQL-invoked routines (specific names only,which are not required to be specified explicitly, Qut if
not are implementation-dependent (UV001));

— | character sets;

— | collations;

— |transliterations;

— |sequence generators:

Certdin schema objects*have named components whose names are required to be unique within the
obje¢t to which they belong. Thus columns are uniquely named components of base tables or viewg,
attrilbutes are uniquely named components of structured types, and fields are uniquely named componpents
of row types.

Somg¢ schema objects may be provided by the SQL-implementation and can neither be created nor dropped
by a hiser:

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.

OTE 3 — ISO/IEC 10646:2020 assigns a range of code points for “private use”. Future editions of ISO/IEC 10646;2p20
are likely to add more code points, which SQL-implementations are required to support.

4.8.2.2 Collations

A coljation is a named operation for ordering character strings in a particular charactér repertoire,

A site declared with a character string type may be specified as having a collation, which is treated|as
part pfits data type.

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

4.8.2.3 Transliterations

A transliteration is a named operation for mapping from a chatacter string of some character set irfto a
charjcter string of a given, not necessarily distinct, character set. The operation is performed by invocption
of an| external function identified by the name of the transliteration. Since an entire string is passed to
this function and a string returned, the mapping is notmécessarily from one character to one character,
but may be from a sequence of one or more characters-to another sequence of one or more characa]ers.

4.8. Domains and their components

4.8.3.1 Domains

A donain is a named user-defined objegct that can be specified as an alternative to a data type in ceftain
placgs where a data type can be specified. A domain consists of a data type, possibly a default optior], and
zero jor more (domain) constraints:

4.8.3.2 Domain constraints

A doinain constraint applies to every column that is based on that domain, by operating as a table constraint
for epch such columny

Dompin constraints apply only to columns based on the associated domain.

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

4.8. 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.

e of

a strjictured type can also be accessed by a locator.

A strjictured type may be defined to be a subtype of another structured type, known as its direct supeitype.
A subtype inherits every attribute of its direct supertype, and may have additional attributes of its pwn.
An expression of a subtype may appear anywhere that an expression of any of its supertypes is allgwed
(this|concept is known as substitutability). Moreover, the value of an expressionmay be a value of gny

subtype of the declared type of the expression.

One pr more base tables can be created based on a structured type. A base.table based on a structyred
typelST can be a subtable of a base table based on a supertype of ST.

One pr more views can be created based on a structured type. A view-based on a structured type S¥ can
be a pubview of a view based on a supertype of ST.

4.8.5 Base tables and their components

4.8.5.1 Base tables

If a base table is based on a structured type, it may be a subtable of one or more other base tables that

A column is a field of the row type of the table. It is described by a column descriptor.

4.8.5.3 Periods

A pefiiod is an object associated with a single base table. A period definition for a given table associptes
a perfiod name with apair of column names defined for that table. The columns shall both be of a datgtime
dataftype and knewn not nullable. Further, the declared types of both columns shall be identical.

4.8.5.4 Table constraints

A tahleconstraint 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 taljle check constraint specifies a search condition. The constraint is violated if the result ofthe s¢arch
condjfition is False for at least one row of the table (but not if it is Unknown).

4.8.5.5 Triggers

A trigger is an object associated with a single base table or a single viewed table~A trigger specifieg a
subjdct table, 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 ¢vent
i er INSERT, DELETE, or UPDATE.

A trigger action time specifies whether the triggered action is to taken’' BEFORE, INSTEAD OF, or AFTER
the trigger event.

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

4.8. View definitions

Aview (strictly, a view definition) is a named query;that may for many purposes be used in the samg way
as a base table. Its value is the result of evaluating the query. See also Subclause 4.5, “Tables”.

4.8. Assertions

<4

An ajsertion is a check constraint. Theconstraint is violated if the result of the search condition is Fals

(but pot if it is Unknown).
4.8. SQL-server modules (defined in ISO/IEC 9075-4)

)

An SQL-server module is-@module that is a schema object. See Subclause 4.11, “Modules”.
4.8.9 Schema routines
A scHema routine is an SQL-invoked routine that is a schema object. See Subclause 4.12, “Routines”

4.8.10 « Sequence generators

A SseHHERee-genaeratoris—a machanicm for gnnarating ciiecnccivun Avact e nis vgaliinge A At o Fia A
HERCEC-GEREFAtoH1Sa e eSO geReratiRg-SHeeesSive-exact e e varbde 5 oneata+tHne

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
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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 optionris
granfed to PUBLIC for every schema object in the Information Schema.

An ayithorization identifier who creates a schema object is automatically granted all possibleprivileges
on it} with grant option.

Onlyjan authorization identifier who has some privilege on a schema object is able todiscover its existence.

4.9| Integrity constraints and constraint checking

4.9.1 Constraint checking

Therg are two kinds of schema object that describe constraints: assertions and table constraints
(inclpding domain constraints of domains on which columns of that table may be based), and they|are
checked in the same way.

Tabl¢ constraints are either enforced or not enforced. Domidin constraints and assertions are alway:
enforced.

Every constraint is either deferrable or not deferrable.

In every SQL-session, every constraint has a constraint mode that is a property of that SQL-session.[Each
constraint has a (persistent) default constraintmode, with which the constraint starts each SQL-transafction
in ea‘[h SQL-session.

A comstraint mode is either deferred or.immediate, and can be set by an SQL-statement, provided the
constraint is deferrable.

Wheh a transaction is initiatedj;the constraint mode of each constraint is set to its default.

On completion of executioh of every SQL-statement, every enforced constraint is checked whose constraint
modg is immediate.

Before termination‘ef a transaction, every constraint mode is set to immediate (and therefore every
enfoyced constrajnt is checked).

4.9.2 Determinism and constraints

Expression evaluation results may be non-deterministic. For example, in the case of a column whos¢ data
type IS varying character String, the vattue remaining after the efmination of duplticates 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.

Consistency when deleting and updating multiple rows

Specjal considerations are required when certain SQL-statements (particularly <update statement
sear¢hed>, <delete statement: searched>, and <merge statement>) cause the modification or deletion of
an aybitrary number of rows in SQL tables. Those considerations are reflected in the General Rules|of

variqus Subclauses within Clause 15, “Additional data manipulation rules”.

Thode Subclauses within Clause 15, “Additional data manipulation rules”, depend.on the concept of pther
Subclauses (including <update statement: searched>, <delete statement: searched>, and <merge state-

men{>) having, as part of their processing, “marking” identified rows for update processing or deldtion

processing. When those Subclauses, specifically Subclause 15.8, “Effect of.deleting rows from base tables”,
and $ubclause 15.14, “Effect of replacing rows in base tables”, are inyeked as a result of “applying” [their
Gendral Rules, they process collections of rows that have been “marked for replacement” or “markdd for
deletion” by other Subclauses.

Consequently, although Subclause 15.8, “Effect of deleting rews from base tables”, and Subclause 15.14,
“Effert of replacing rows in base tables”, are invoked as though they are “subroutines” (see Subclause 6.3.7,
“Subrlauses used as subroutines”), they have no explicitparameters. Instead, they operate on thos¢ col-
lectigpns of rows that have been previously marked for feplacement or deletion.

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

4.10.1 Hostlanguages

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

mentation to communicate successfully with an SQL-agent, the latter must be written using a host language
supported by the SQL-impleméntation. The set of host languages supported by an SQL-implementgtion
isimplementation-defined (IA004).1SO/IEC9075-2,1SO/IEC9075-3,and ISO/IEC 9075-10 define bindlings
between an SQL-implementation and several programming languages, mostly languages for which there
is an|International Standard. A conforming SQL-implementation is required to support at least on¢g host
langgiage for whichthedASO/IEC 9075 series defines a binding.

Therg are several-methods of communicating, known as binding styles.

The SQE-¢client module binding style (specified in ISO/IEC 9075-2). In this binding style, the @iser,
using’an implementation-defined (IW007) mechanism, specifies a module to be used as an SQL-
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-

© ISO/IEC 2023 - All rights reserved 19


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

ISO/IEC 9075-1:2023(E)
4.10 Communication between an SQL-agent and an SQL-server

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/]EC 9075-2 specifies the actions of an externally-invoked procedure in an SQL-client module when
itis dalled by a hostlanguage program. ISO/IEC 9075-10 specifies the actions of a method of an SQb-¢lient
classjwhen it is invoked from a host program.

4.10.2 Source language character set

The text of SQL language constructs is represented by characters as defined by ISO/tE€ 10646:2070.
Except for <identifier>s and <character string literal>s, the specific characters are'well-identified Hy
ISO/JEC 9075 — they are all characters that appear in ISO/IEC 646 (although netlevery character in
ISO/]EC 646 is currently used in the representation of the SQL language) in thétahges of U+0021 thrpugh
U+0(Q7E. In addition, representation of SQL text requires the use of whitespdce; minimally, U+0020, Space,
is reIuired, and it is implementation-defined (IA005) whether (and which)) other Unicode charactgrs

with|the Unicode property White_Space are permitted to be used where ISO/IEC 9075 specifies th¢ use

of whitespace.

In <dharacter string literal>s, ISO/IEC 9075 permits the use of\every Unicode character, subject to
implementation-defined (IA006) restrictions and further restricted by the rules of the character sq
specified by a <character set specification> immediately contained in the <character string literal>
<chafacter string literal>s should not contain characters-equivalent to U+0008, Backspace; this redom-
menglation does not apply to character string values'stored in sites.

—

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

equiyalent to Unicode characters with Unicode category “Co”3. <identifier>s should not incorporat
characters that are equivalent to Unicode characters with Unicode category “Zs” other than U+002
Spackg.

1)

=

NOTE 4 — The Unicode General Category classes “Cc”, “Cf”, “Cn”, “Cs”, “Z1”, and “Zp” are assigned to Unicode charactefs that
are, respectively, Control codes (ether), Formal Control codes, Not Assigned codes, Surrogates, Line Separators, and Pardgraph
Separators. Unicode General Category class “Co” identifies private use characters. Unicode General Category class “Zs”
idlentifies Space Separators, (whitespace).

4.10.3 Parametérpassing and data type correspondences

4.10.3.1 General parameter passing and data type correspondence information

Each|parameter in the parameter list of an externally-invoked procedure has a name and a data type.
The method and time of binding between an external routine’s reference to a compilation unit and|that
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

Ever ,,,,, o . P~ . . . . . . AR aa 4 s . AR . ChiS
known as a status parameter.

SQLYTATE is a character string of length 5, whose values are defined by the parts of the ISO/LEC 9075
serigs. An SQLSTATE value of '00000’ (five zeros) indicates that the most recent invocation‘of an
externally-invoked procedure was successful.

4.10.3.5 Indicator parameters

An irldicator parameter is an integer parameter that, by being specified immediately following a pararmeter
(other than an indicator parameter), is associated with it. A negative value\in an indicator parameter
indidates that the associated parameter is null. A value greater than zero\indicates what the length ¢f the
valug of the associated parameter would have been, had it not been necessary to truncate it. This mpay

arisg with a character string and with certain other data types.

If a null value is to be assigned to a parameter that has no assoc¢iated indicator parameter, then an
exception condition is raised.
4.10.4 Descriptor areas

A degcriptor area (not to be confused with a descriptor) is a named area allocated by the SQL-implemen-
tatiop at the request of the SQL-agent. A descriptor area is used for communication between the SQL-
implementation and the SQL-agent. There aré.SQL-statements for transferring information betweep the

A didgnostics area is a communi€ation area allocated by the SQL-implementation in which one or rhore

Whehever the SQL-implementation executes an SQL-statement (other than an SQL-diagnostics statenjent),

values give som€ indication of what has happened. They can be accessed by SQL-diagnostics
ents. Exectition of an SQL-diagnostics statement does not cause any conditions to be record

A4
e

forming SQL-implementation is not required to set more than one condition at the same timg.

Multjple‘diagnostics areas can exist when an SQL-statement SS is being executed by an SQL-server|This
happen®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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Atany time, there is at most one current SQL-transaction between the SQL-agent and the SQL-implemen-

tatio

n.

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.

curr¢nt. On the first occasion, at or after a transaction is initiated, that the SQL-client connects-to,0
the donnection to, an SQL-server, the properties are sent to that SQL-server.

The fransaction access mode of an SQL-transaction indicates whether the transaction isread-only (i
pernjitted to change any persistent SQL-data) or read-write (is permitted to change persistent SQL-d

The

by SQL-agents in the SQL-environment are perceived within that SQL-transaction.

Ever

) ] a tra ] ain properties o I
tion of SQL-statement: SQL-statements may be executed only here

isno SQL-trnsa

ransaction isolation level of an SQL-transaction specifies the extent to which the effects of acti

y isolation level guarantees that every SQL-transaction is executed; SQl-transactions not exec

ction
" sets

S not
ata).

pNS

iting

completely fail completely. Every isolation level guarantees that no update is lost. The highest isolation

level
over
level

gresgively lower degrees of isolation.

4.1

Therg are two kinds of modules, each of which hascertain properties and contains various kinds o
1le objects (also known as module contents), The principal module objects are one or more rouftines

mod
(see

A mqdule is one of the following:

4.12 Routines

4.12.1 Generalroutine information

Tabl¢ 1, “Relationships between externally-invoked and SQL-invoked routines”, shows the terms u

fort
asr

22

SERIALIZABLE, guarantees serializable execution, meaning thatthe effect of SQL-transactions

5 of isolation, REPEATABLE READ, READ COMMITTED, and READ UNCOMMITTED, guarantee

|l Modules

Subclause 4.12, “Routines”).

an SQL-client module, containing only externally-invoked procedures;

an SQL-server module, containing only SQL-invoked routines.

e various possible combinations of routine written in SQL and written in another language, ag
tines.invoked from SQL and routines invoked from another language.

that

ap in time is the same as the effect they would have had, had-they not overlapped in time. The ¢ther

pro-

f

bed
well

Routines written in SQL Routines written in
languages other than SQL

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

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

gran
refen

An S

The pame of an SQL-invoked routine is not required to be unique. If two or more routines'share the

nam

routine whose signature best matches the arguments of the invocation. Normally; only the declared

of th
the ¢
argu

4.12

Ifan
para

type
the v

Ever

4.1]

4.13

AnS
of th

Most
an ey
pare
is ex

Ther

mlng language that is outside the SQL env1ronment The mechanism and tlme ofblndmg ofs
ence is implementation-defined (IW008).

DL routine is an SQL-invoked routine whose routine body is written in SQL.

b, that name is said to be overloaded, and an invocation of that name will causeyexecution of th

hse of methods, which are invoked using a distinguishing syntax, the most specific type of one
ments is taken into consideration.

.2 Type preserving functions

SQL-invoked function has a parameter that is specified RESULT, that parameter is known as a 1
meter, and if the data type of the result parameter and that of the result are the same user-def|
then the function is said to be a type preserving function. The result of a type preserving funct
alue of the result parameter, possibly mutated.

y mutator function is a type preserving function:

8  SQL-statements

.1 Classes of SQL-statements

b parts of the ISO/IEC 9075 5eries.

SQL-statements can be'prepared for execution and executed in an SQL-client module. In this
ternally-invoked procedure with a single SQL-statement is created when the SQL-statement is

pcuted.
e are at least.five ways of classifying SQL-statements.

According to their effect on SQL objects, whether persistent objects (i.e., SQL-data, SQL-scher
and their contents, or SQL-client modules) or temporary objects (such as SQL-sessions and o
SQL-statements).

bame

h

ypes

e expressions denoting the argument values are considered in determinifigthe best match, buf in

fthe

esult
ned
onis

DL-statement is a string of characters that conforms to the Format and Syntax Rules specified ifi one

Fase,
pre-

] and that externally-invoked procedure is implicitly called whenever the prepared SQL-statefent

has
ther

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),

state

ments 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.

—  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.
— [ SQL-control statements that may be used to control the execution of a sequence of SQL,statements.

— | SQL-connection statements that initiate and terminate connections, and allow an SQL-client o
switch from an SQL-session with one SQL-server to an SQL-session with anothef,

— [ SQL-session statements that set some default values and other parameters.ofan SQL-session

— | SQL-diagnostics statements that get diagnostics (from the diagnostics aréa) and signal exceptions
in SQL routines.

— | SQL-dynamic statements that support the preparation and execution of dynamically-generated
SQL-statements, and obtaining information about them.
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ISO/IEC 9075-1:2023(E)

Parts of the ISO/IEC 9075 series

Overview

onw
1S0/

Ever
parts
serig

1S0/

agent and an SQL-implementation.

1S0/

computationally complete.

1S0/

agenf to access data not under the control of SQL-servers in the SQL-environment.

IS0/
emb

IS0/
the ny

ISO/
to in
class

IS0/
in co

ISO/
with

1S0/
prop

The

5.2

hich other parts are based and the notation used in them.

y part of the ISO/IEC 9075 series other than parts 1 and 2 is specified as an amendment to oth
of the ISO/IEC 9075 series. See Subclause 6.3.6, “Relationships of parts withinthe TSO/IEC 9
s”, for details.

EC 9075-3, Call-Level Interface, specifies another mechanism of communication between an §
EC 9075-4, Persistent Stored Modules, specifies significant additions’to SQL itself by making
EC9075-9, Management of External Data, specifies significant'additions to SQL that permit an

EC 9075-10, Object Language Bindings, specifies the'manner in which SQL statements can be
edded into Java programs.

EC9075-11, Information and Definition Schemas, specifies views by which an application may
ames of persistent database objects, such as-tables, views, columns, etc.

EC9075-13, SQL Routines and Types Using the Java™ Programming Language, specifies the a
Foke static methods written in the Java programming language as SQL-invoked routines and t
es defined in the Java programminglanguage as SQL structured types.

EC9075-14, XML-Related Spécifications, defines ways in which Database Language SQL can be
hjunction with XML.

EC 9075-15, Multidimensional Arrays, defines ways in which Database Language SQL can be
multidimensional arsay data.

EC9075-16, Property Graph Queries, defines ways that allow Database Language SQL to repr
erty graphs and interact with them.

rontent of.€ach part is described in the following subclauses.

ISO/IEC 9075-1: Framework (SQL/Framework)

ocument Eramework is a nroreaguisite far all ather narts bhecause it describes the hasic rnnrepts
T T T ) ol T

EC9075-2, Foundation, specifies the structure of SQL-statements and the effects of executing them.

er
75

QL-

QL

SQL-

earn

hility
use

used

iIsed

psent

This

document contains the following material.

A description of an SQL-environment, and brief descriptions of the concepts used in the ISO/
9075 series.

IEC

A brief description of the content of each part. These descriptions are purely informative and do

not constitute requirements.

Notations and conventions that apply to all or most parts of the ISO/IEC 9075 series. Other p
specify further conventions as required.
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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-statements. SQL/Foundation includes specifications for:

Data types, such as string and numeric types;

Schan
o€t

+ neh-actablac and iAo
aS5taoteSaht WS

5.3.]
5.3.]
150/
5.3.]

Emb
acco
an ed
unit,

langiage procedure that contains the SQL-statement.

5.3.]
Dyng

5.3.2

Dire
in di

ema-objeets;sueh S VHOWS:
Scalar expressions, such as numeric and datetime expressions;

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

Aggregate functions, such as set functions, that compute values from a group of rows.

4 Bindings methods

.1 Introduction to bindings methods

EC 9075-2 specifies three methods of binding an SQL-agent to an SQL-implementation.
.2 Embedded SQL

bdded SQL is a method of embedding SQL-statements‘inra compilation unit that is otherwise wi
rding to the rules for a particular programming langtidge, known as the host language. It defines
uivalent compilation unit, entirely in the hostlanguage, may be derived. In that equivalent compil
each embedded SQL-statement has been replaced by one or more statements that invoke a datz

.3 Dynamic SQL

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

the SQL-agent.

Cause the execution(of)SQL-statements, including the preparation of statements for subseque
execution.

.4 Directinvocation of SQL

t invocation of SQL is a method of executing SQL-statements directly. The specific methods inv
"ect invocation of SQL are implementation-defined (IW009).

itten
how
htion
base

Allocate and free a descriptor'area used for communication between the SQL-implementation and

nt

Ived

5.3.]

B SQL-statements specified in ISO/IEC 9075-2

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

26

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 opera
on tables. Some SQL-data statements contain the word “dynamic” in their names; they are no
be confused with SQL-dynamic statements.

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

tions
tto
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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 anothe

I.

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).

For 4

SQL-dynamic statements, which support the preparation and execution of dynamically gener
SQL-statements, and obtaining information about them.

SQL embedded exception declaration, which is converted to a statement in the host Janguage

ach SQL-statement that it defines, ISO/IEC 9075-2 specifies which SQL-statementswill, if exe

whel no transaction is active, initiate a transaction and which will not.

For 4

5.4
ISO/
ming
in IS

Proc

An ix

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

it may be dynamically prepared and executed;

NOTE 5 — Preparable SQL-statements can be executed immediately, withthe exception of those that fetch da
a descriptor area.

it may be executed directly.

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

EC9075-3 specifies amethod of binding between a program, written in one of anumber of prog
languages, and an SQL-implementation. Theeffect is functionally equivalent to dynamic SQL, spe
D/IEC 9075-2.

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

cause the execution of SQL-statements, including the preparation of statements for subseque|
execution;

obtain diagnosticinformation;

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

hportant difference between CLI and Bindings is that, in the context of the latter, there is only

hted

uted

a into

ram-

rified

SQL-

pne

SQL-environment, whereas, in the context of CLI, a number of SQL-environments can be initiated and
mankoedimd terrtv—e P 1 SOtreTvi - defiret-tobesiot |0f

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 SQL-connection — between SQL-client and SQL-server).
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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.

Thao chacification-afctatamanteta diract tha floxa of ~onin]
THE-SPeeHICatioR- o State i etsto-are ettt row-orCoHtror:

— | The assignment of the result of expressions to variables and parameters.

— | The specification of condition handlers that allow compound statements to deal with vdrious con-
ditions that may arise during their execution.

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

It alsp defines Information Schema tables that contain schema informatien'describing SQL-server modules.

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 used to control the execution of an SQL roytine.
— | SQL-control declarations, which may be used to 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/ ISO/IEC9075-9: Management of External Data (SQL/MED)

ISO/JEC 9075-9 defines facilitiesithat allow Database Language SQL to support management of external
datalthrough the use of foreign:tables and datalink data types.

These include facilities for.defining the following objects:
— |foreign servers;
— |foreign-datawrappers;

— |foreign'tables.

Therg afe 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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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™ Progra
ming Language (SQL/JRT)

A nSallaVateds
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IS0/
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ods written in the Java programming language as SQL-invoked routines, and to use classes,de
b Java programming language as SQL structured types.
e include:
extensions to the definition, manipulation, and invocation of SQL-invoked routines;

extensions to the definition and manipulation of user-defined types;

new built-in procedures.

D ISO/IEC 9075-14: XML-Related Specifications (SQL/XML)

EC 9075-14 defines facilities that allow Database Language SQL to enable creation and manipul
(L documents.

e include:
a new predefined type, XML;
new built-in operators to create and manipulate values of the XML type;

rules for mapping tables, schemas, and eatalogs to XML documents.

| ISO/IEC 9075-15: Multidimensional Arrays (SQL/MDA)

EC9075-15 defines facilities that allow Database Language SQL to support creation and manipul
hltidimensional arrays.

e include:
a new collection type, MD-array;

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

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

1S0/

EC9075-16 defines facilities that allow Database Language SQL to represent property graphs

toin

fined

htion

htion

and

eract 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;

a new 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 otation forthe rnprncnnfﬂﬁnn of UCS cade pninfc isdefined.in IQn/”:f‘ 1 nAA.A-?n')n' Subclaus 7_5’
“Short identifiers for code points”.
In thjs document, this notation is used only to unambiguously identify characters and is not'meant{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 $yntactic notation used in the ISO/IEC 9075 series is an extended version’of-BNF (“Backus Nofmal
Fornm” 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 in terms of a formula consisting ¢f the
characters, character strings, and syntactic elements that can be uSed to form an instance of it.
In the version of BNF used in the ISO/IEC 9075 series, the syntbols have the meanings shown in Table 2,
“Synibols used in BNF”,
Table 2 — Symbols used in BNF
Symbol | Meaning
< > A character string enclosed in arigle brackets is the name of a syntactic element (BNF nfon-
terminal) of the SQL language:

5 The definition operator is used in a production rule to separate the element defined by|the
rule from its definitien.The element being defined appears to the left of the operator and
the formula that defines the element appears to the right.

[ ] Square bracketsiindicate 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 shall|be
explieitly specified.
The alternative operator. The vertical bar indicates that the portion of the formula following
the bar is an alternative to the portion preceding the bar. If the vertical bar appears at ¢
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.

© ISO/IEC 2023 - All rights reserved
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Symbol | Meaning

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,

1 1 - 1
UIIICSS OLUIICT WIST SUdLlcU.

define the character(s) of the BNF production.

Introduces either a reference to the Syntax Rules, used when the definition of a syntactjic
element is not expressed in BNF, or the Unicode code point or code point sequence that

Whitlespace is used to separate syntactic elements. Multiple whitespace characters are treated as a single

spac
char
oper,
don

t take on their special meaning.

. Apart from those symbols to which special functions were given aboveyother characters anc
icter strings in a formula stand for themselves. In addition, if the symbols'to the right of the defirjition
htor in a production consist entirely of BNF symbols, then those symbels stand for themselveg and

Paird of braces and square brackets may be nested to an arbitrarydepth, and the alternative operator

may

A ch3
of th

1)

2)
3)

4)
5)

The ¢

non-
thel

hppear at any depth within such a nest.

ht syntactic element by application of the following steps:

and replace the element with this option.

contents or change the bracketstgbraces.

between the braces, thenremove the braces.

Apply steps Step 1) through Step 5) to each BNF non-terminal symbol that remains in the str

The feft normal ferm derivation of a character string CS in the source language character set from g BNF
ferminal‘V1 is obtained by applying Step 1) through Step 5) above to NT, always selecting in Stpp 5)

eftmost BNF non-terminal.

6.3

Caonventions

For every portion of the string enclesed in square brackets, either delete the brackets and thgir

racter string that forms an instance of a syntactic element'may be generated from the BNF defirition
Select one option from those defined in the righthand side of a production rule for the element,

Replace each ellipsis and the object to which it applies with one or more instances of that object.

For every portion of the string enclosed in braces, apply Step 1) through Step 5) to the substifing

ng.

bxpansion or production is complete when no further non-terminal symbols remain in the charpcter
string.

6.3.1 Specification of syntactic elements

Syntactic elements are specified in terms of several components.

32

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

Format: 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 conformace{to
SQL. Conformance Rules are effectively a kind of Syntax Rule, differentiated only because\of their
use to specify conformance to the SQL language. Conformance Rules in a given Subclause are
therefore always applied before the Syntax Rules of that Subclause, and are not nermally applied
to the result of syntactic transformations. However, in a few cases, Conformance Rules are explicitly
applied to syntactic transformations as defined in the Syntax Rules.

The gcope of notational symbols is the Subclause in which those symbols are defined. Within a Subclhuse,
the symbols defined in Syntax Rules, Access Rules, or General Rules can bereferenced in other rulgs
provijded that they are defined before being referenced.

6.3.2 Specification of the Information and Definition Schemata

The ¢bjects of the Information and Definition Schemata in the ISO/IEC 9075 series are specified in terms
of seyeral concepts.

— | Function: A short statement of the purpose of the definition.
— | Definition: A definition, in SQL, of the object being defined.

— | Description: A specification of the run-time<value of the object, to the extent that this is not ¢lear
from the definition.

— | Initial Table Population: A specification of the rows of the base table that an SQL-implementhtion
must provide that are not specified'in the General Rules of other Subclauses.

— | Conformance Rules: A specification of how the element shall be supported for conformance{to
SQL.

The ¢nly purpose of the view.definitions in the Information Schema is to specify the contents of thpse
viewpd tables. The actualobjects on which these views are based are implementation-dependent (UVP02).

6.3.3 Use of terms

6.3.3.1 Syntactic containment

Let 9A>, <B>; and <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 <

A1 is|the innermost <A> satisfying a condition C if A1 satisfies C and A1 does not contain an instance of
<A> that satisfies C. A1 is the outermost <A> satisfying a condition Cif A1 satisfies C and A1 is notcontgined
in aninstance of <A> that satisfies C.

Let N be 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 <inserfion
target>, then the original <query expression> of V.

— | Otherwise, the hierarchical <query expression> of V.

If <Ap contains a <table name> VN that identifies a view, then <A5>"is said to generally contain the <duery
expression> referenced by VN. If <A> contains a <query name>that identifies a <query expressionp QE,
then|<A> is said to generally contain QE. If <A> is a <column-éference> that is a column reference, there
is an|implicit or explicit range variable RV qualifying that column reference. If RV is a <table name> VN

that |dentifies a view, then <A> is said to generally contain the <query expression> referenced by V. If

RV isla <query name> that identifies a <query expression> QE, then <A> is said to generally contain| QE.

If <Ap contains a <property graph name> PGN, then'<A> is said to generally contain each <query
expression>, if any, and each <table name> thatidentifies a view, if any, included in the tabular property
graph descriptor 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 contains kB>
and B> generally contains <C>, then<A> generally contains <C>.

Let Rl be a <routine invocation>, <method invocation>, <static method invocation>, or <method referehce>.
If <Ap contains RI, then <A> is said to broadly contain the <SQL routine body> of the SQL routine, if any,
that |s the subject routine of Rl; If <A> generally contains <B>, then <A> broadly contains <B>. If <A>
broaflly contains <B> and(<B> broadly contains <C>, then <A> broadly contains <C>.

NOTE 6 — The “subjeet'rottine of a <routine invocation>" is determined in Subclause 9.18, “Invoking an SQL-invok¢d
rputine”, in ISO/IEG-9075-2.

NOTE 7 — Broad«ontainment is only used to specify optional features, such as implementation-defined elements of con-
foprmance Features.

In a Format,the verb “to be” (including all its grammatical variants, such as “is”) is defined as follows:
<A> |s said'to be <B> if there exists a BNF production rule of the form <A> ::= <B>.If <A>is <B>[and
<B> |s<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 conforming SQL-implementation is not required to perform the exact sequence of actions definefl in
the (Jeneral Rules, provided its effect on SQL-data and schemas, on host parameters and host variaple,
and ¢n SQL parameters and SQL variables is identical to the effect of that sequence. Théterm effectively
is used to emphasize actions whose effect might be achieved in other ways by an SQL3simplementation.

The ficcess Rules and Conformance Rules for contained syntactic elements are effectively applied dt the
samg time as the Access Rules and Conformance Rules for the containing syntaetic elements. Similarly

the Syntax Rules for contained syntactic elements are effectively applied at the same time as the Syntax
Rules for the containing syntactic elements. The General Rules for contained syntactic elements ar¢
effectively applied before the General Rules for the containing syntactic elements.

Whete the precedence of operators is determined by the Formats'of the ISO/IEC 9075 series or by|par-
entheses, those operators are effectively applied in the order specified by that precedence.

Where the precedence is not determined by the Formats o1°by parentheses, effective evaluation of
expressions is generally performed from left to right. HoWever, it is implementation-dependent (U§001)
whether expressions are actually evaluated left to right; particularly when operands or operators rhight
cause conditions to be raised or if the results of the-expressions can be determined without complétely
evalyating all parts of the expression.

If sone syntactic element contains more tharn one other syntactic element, then the General Rules for
contained elements that appear earlier inhe production for the containing syntactic element are applied
before the General Rules for contained elements that appear later.

For gxample, in the production:

<A> | =
<Bp <C>

<B> |: =
<G |:=

the AccessRules and Conformance Rules for <A>, <B>, and <C> are effectively applied simultaneoysly.
The $yntax Rules for <A>, <B>, and <C> are effectively applied simultaneously. The General Rules for
<B> are appiied before the General Rutes for <C>, and the Generalt Rules for <A> are appiied 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'rufe
violation (42000) exception condition is raised regardless of whether or not the inessential parts ate
actudlly evaluated. If evaluation of an inessential part would cause an exception condition to lbe raised,
then[it is implementation-dependent (UA005) whether or not that exception conditionds-raised.

During the computation of the result of an expression, the SQL-implementation may produce one or more
ediate results that are used in determining that result. The declared type of a‘site that contaihs an
ediate result is implementation-dependent (UV003).

In vafious parts of the ISO/IEC 9075 series, reference is occasionally made in one Subclause to the Syntax
Rules of some other Subclause. For example, in ISO/IEC 9075-2, Subclause4/48.3, “SQL/JSON data m¢del”,
therg is a paragraph that states “Two SQL/JSON items are equality-comparable if one of them is thd
SQLAJSON null, or if both are SQL/JSON scalars whose SQL types are comparable and acceptable as
operpnds of an equality operation according to the Syntax Rules-0f Subclause 9.11, “Equality operatigns

nn

The phrase “according to the Syntax Rules...” means that the Syntax Rules, Access Rules, and Conformjance
Rules of the referenced Subclause shall all be satisfied in order for the specified condition to be satigfied.

6.3.3.4 Conditional rules

A conditional rule is specified with “If” or “Case”\econventions. A rule specified with “Case” conventjons

incluldes a list of conditional subrules using {If% conventions. The first such “If” subrule whose condition
is satlisfied 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 {s satisfied. If the last subrule doesnot specify “Otherwise”, and if there is no subrule whose condition
is safisfied, then there is no effective subrule of the “Case” rule.

6.3.3.5 Syntactic substitution

In the Syntax and GeneralRules, the phrase “ X is implicit” indicates that the Syntax and General Ryles
are tp be interpreted ds,if the element X had actually been specified. Within the Syntax Rules of a gjven
Subdjause, 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 (ieneral Rules are to be interpreted as if a syntactic element <A> containing Y had actually bee
specified.

=]

In the Syhtax 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 SQ)L-statement S1 is said to be executed as a direct result of the execution an SQL-statement-$2 j{lSZ
is a qcall statement> CS and S1 is the outermost SQL-statement contained in the SQL-invoked rottine
that |s the subject routine of the <routine invocation> contained in CS.

An SQ)L-statement S1 is said to be executed as an indirect result of executing an SQL-statement 52 if|S1 is
execlited in a trigger execution context that has been activated by the execution of SZ.

A value P is part of a value W if and only if exactly one of the following is true.
— |Wis atable and P is a row of W.

— |Wisarow and Pis a field of W.

— | Wis a collection and P is an element of W.

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

If a vplue has parts, then it follows that an instance of that'value has parts; hence the site it occupiefs has
partg, each 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.
— |Yisarow and Xis a column of Y.

— | Yisa <routine invocation> and X is an.SQL parameter of Y.

— | Yis auser-defined type instancé and X is an attribute of Y.

— | There exists an item X2 such'that X is a part of X2 and X2 is a part of Y.

Another part of the ISO/IEC 9075 series may define additional terms that are used in that part onlj

~

6.3.3.7 Exceptions

Except where otherwise specified, the phrase “an exception condition is raised:”, followed by the name
of a ¢ondition, is u§ed in General Rules and elsewhere to indicate that the following occurs.

— | The exécution of a statement is unsuccessful.

— | Thie.application of the General Rules of Subclauses 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 specifiedgype.
The ¢oncept of descriptor is used in specifying the semantics of SQL. It is not necessary that thedescrjiptor
existlin any particular form in an SQL-environment.

Some¢ SQL objects cannot exist except in the context of other SQL objects. For examplej €¢olumns cannot
existlexcept within the context of tables. Each such object is independently described by'its own descrjptor,
and the descriptor of an enabling object (e.g., table) is said to include the descriptor ofeach enabled dbject
(e.g.|column or table constraint). Conversely, the descriptor of an enabled objéct-s said to be inclugled
in the descriptor of an enabling object. The descriptor of some object A generally includes the descrjiptor
of some object C if the descriptor of A includes the descriptor of C or if the-descriptor of 4 includes [the
descriptor of some object B and the descriptor of B generally includes;thé"descriptor of C.

In other cases, certain SQL objects cannot exist unless some other{SQL object exists, even though there

is nofinclusion relationship. For example, SQL does not permit an-assertion to exist if some table refergnced
by the assertion does not exist. Therefore, an assertion descriptor is dependent on or depends on orje or
mor¢ table descriptors (equivalently, an assertion is dependeént on or depends on one or more tableg). In
genefal, a descriptor D1 can be said to depend on, or to be dependent on, some descriptor DZ2.

The dlescriptor of some object A generally depends on.ot is generally dependent on the descriptor of §ome
obje¢t C if the descriptor of A depends on the descriptor of C or if the descriptor of A depends on the
descriptor of some object B and the descriptor of B generally depends on the descriptor of C.

The ¢xecution of an SQL-statement may result in the creation of many descriptors. An SQL object that is
creafed as a result of an SQL-statementmay depend on other descriptors that are only created as a rlesult
of thg execution of that SQL statement.

OTE 8 — This is particularly relevantin the case of the <schema definition> SQL-statement. A <schema definitionx can,
for example, contain many <tablé definition>s that in turn contain <table constraint>s. A single <table constraint> i one
Jtable definition> can reference a second table being created by a separate <table definition> which itself is able to cpntain
alreference to the first table- The dependencies of each table on the descriptors of the other are valid provided that ll

ecessary descriptors an€created during the execution of the complete <schema definition>.

Therg are two waysofindicating dependency of one SQL object on another. In many cases, the descrjiptor
of the dependentSQL object is said to “include the name of” the SQL object on which it is dependent. In
this ¢ase “the nanre of” is to be understood as meaning “sufficient information to identify the descrjiptor

her the SQL-implementation includes actual text (with defaults and i

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

6.3.6.2 Clauses 1, 2, and3

The text of Clause 1, “Scope” in.an incremental part is appended to the text of Clause 1, “Scope”, in ISQ/IEC
9073-2.

Every entry in Clause'2) “Normative references” in an incremental part that is not already present in
Clause 2, “Normativereferences”, in ISO/IEC 9075-2 is added to Clause 2, “Normative references”, In
ISO/[EC 9075-2¢

Every entrysin Clause 3, “Terms and definitions” in an incremental part that is not already present |n
Clause 3¢ “Terms and definitions”, in ISO/IEC 9075-2 is added to Clause 3, “Terms and definitions”,[in
ISO/JE€N075-2 in a new Subclause of Clause 3, “Terms and definitions” entitled “Definitions taken [from
ISO/TEC9075-n", where n 1s 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 name of §ome
othef Clause or Subclause in a base part, it provides language specification particular to that incremgental
part.|A Subclause that is part of a Clause or Subclause identified as new is inherently néw and is ngt
marked.

In the absence of explicit instructions regarding its placement, a new Clause is positioned after all existing
Clauges, and 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
Tablgs, figures, examples, and equations are collectively referred to ascaptioned items.

In mpdified Clauses and Subclauses, where a table in an increméntal part of the ISO/IEC 9075 seriefs has
a narne identical to a table in a base part, unless the incremental part references itself, it supplemehts
the table in the base part, regardless of whether or not the iyimber of the table corresponds.

ww

The fows in tables in the incremental part are generallysnew rows to be effectively inserted into th
corrgsponding table.

Wheh a captioned item, other than a table, in anincremental part of the ISO/IEC 9075 series has a pame
identical to a captioned item in a base part, utiless the incremental part references itself, it replace$ the
captioned item in the base part, regardlessiof whether or not the number of the captioned item coires-
ponds.

Wheh a captioned item in a base part is modified or replaced by a captioned item in some incremeptal

Part,[in that incremental part, a statement of the form “This Object modifies Object nn.nn, “xxxxx’, in ISQ/IEC
9075-n.” is typically found ina Rule or paragraph that appears a little above the modifying captionéd
item

Wheh a captioned itemin‘base part is modified or replaced by a captioned item in some incremental
part,|the caption of the-captioned item in the base part is preceded by a small red box containing the
numper of the in€remental part that contains the modifying or replacing captioned item.

NOTE 10 —<Inyprinted copies of this document, it is possible that the small boxes and their contents appear to be grpy or
bllack.

Wheh a’captioned item in an incremental part has a name that is not identical to the name of some| cap-
tiondd 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 al ternative> ::=

New|Format items that have no correspondence to a Format item in a base part are not distinguishied in
the ihcremental part.

Format items in new Subclauses are unmarked.

Wheh a Format item in a base part is modified or replaced by a Format item in Some incremental Hart,
the Hormat item in the base part is indicated by the presence of a small red bek/immediately preceding
the fame of the BNF non-terminal being defined by the Format item, containing the number of the
incrdmental Part that contains the modifying or replacing Format item.

6.3.6.7 New and modified paragraphs and rules

In mpdified Clauses and Subclauses, each paragraph or Rule isimarked to indicate whether it is a modi-
fication of a paragraph or Rule in a base part, or is a new paragraph or Rule added by this incremental
part.

New|paragraphs or Rules in an incremental part are marked to indicate where they are to be inserted.

If nospecific insertion point is indicated, as in [Insért this paragraph|or|Insert this GR| then the following
text is to be read as though it were appended at the end of the appropriate section (the General Rules,

for example) of the corresponding Subclause inthe partidentified in the statement following the Subc|ause
title.

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

to mean “General Rule”, “CR” is used to mean “Conformance Rule”, “Desc.” is used to mean “Description”,
“Fung.” is used 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 lis{s are
counfted as part of the same paragraph as the text of the paragraph. Numbered notes are not countgd as
paragraphs.

Wheh a Rule or paragraph in a base part is modified by a Rule or paragraph in some incremental Phrt,

the Rule or paragraph in the base part is indicated by the presence of a small red box, immediately|pre-
ceding the text'of the Rule or paragraph, containing the number of the incremental Part that contairls the
modifying\Rule or paragraph.

Mod fications Cf Y\araﬂraphs or Pules are identified b}r the inclusion of an iht‘]ir')fi‘re ph}"asn enclas d 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)
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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)

T bl 2 U 1 pa | 1 3 £ L pa | 1 2 11 £ i 3 3 3 h
J LaAdAILL ICO dlIlIU CAPIAIIAativullSs Ul daldsld IT AdITU 1T UICT 1I1ITT CI o ITIITUSLIALUTS vdlI'IUUS vwwdyo 111’ Vv
a 7 P P paragrap g 7 y 1C

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

[Insert into the 1st paragraph, after the 4th | The subsequent text is to, e inserted as a
list item: new list item immediately,after the fourth
listitem of the unnumbered list that immedi-
ately follows the existing first paragraph
(effectively becorning a new fifth list item)

|Insert after the 2nd paragraph:| The subsequent text is to be inserted as a
new paragraph immediately following the
existing'second paragraph (effectively
becoming a new third paragraph)

|Insert 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 new
SR 4)b) with subsequent SRs being numbered

4)c), etc.)
|Augment the 5th paragraph, the-2nd list Modify the text of the first unnumbered
item, the 1st list item| by adding “new text” [ (bulleted) list item within the first
immediately after “existingtext” unnumbered (dashed) list item immediately

following the existing fifth paragraph by
inserting the quoted new text immediately
after the quoted existing text

|Augment the3rd paragraph| by adding “new | Modify the text of the existing third para-
text” immediately before “existing text” graph by inserting the quoted new text
immediately before the quoted existing text

|Augment SR 8): |Add “an SQL variable SV” to | Augmentallist of objects (“possible referents
thle list of possible referents of a basis of a basis”) in Syntax Rule 8) by adding the
specified text to that list

|Convert GR 3) to be:| Case: Convert the exiting GR 3) (which, presum-
ably, has no subrules) into a Case construct,
a) . inserting a new subrule, followed by “Other-

the original GR 3)| wise,” and the existing text of the existing GR

b)  Otherwise,
3)
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Example Explanation

|Insert into the Definition after| Locate the first specified code fragment, then
insert the new code fragment immediately
following that first fragment

FROM ENABLED ROLES AS ER) ) ) )

the code:

R

L L RN _OCATAL O
LA~ =~ =~ g g =

[Insert into Table 40, “SQLSTATE class and Insert the rows of Table 3 in the current
subclass codes”|the rows of Table 3, “SQL- incremental part into the rows of Table 40
STATE class and subclass codes” in the referenced base part

All ppragraphs, Format items, and Rules in new Clauses or Subclauses are also new-and are therefdre

unm

Inin
tore
Subc
YoRol:
pass
repli

6.3.¢

A Su
addit
part

6.3.(

Whe
base
base

Anng

hrked.

‘'remental parts that make modifications to a Subclause in ISO/IEC 9075-2, it is sometimes nece
plicate a Syntax Rule or a General Rule that redundantly specifies the-Subclause signature (see
lause 6.3.7, “Subclauses used as subroutines”) of the modified Subelause in ISO/IEC 9075-2. D

ed to and results returned from the modified Subclause inASO/IEC 9075-2. When this occurs,
ration is noted by an instruction such as |Replicate GR 1):|

.8 Modified Subclause Signatures

pclause in an incremental part that modifies angther part may have a Subclause Signature wit
ional parameters. These parameters are addéd to the parameter list of the Signature in the moc
as optional parameters.

b.9 New and modified Annexes

h an Annex in an incremental part-of the ISO/IEC 9075 series has a name identical to an Anne;
part, unless the incremental part references itself, it supplements the Annex, respectively, in t
part, regardless of whetheror not the letter of the Annex corresponds.

xes with the titles:

SQL conformange'summary
implementation-defined elements
impleméntation-dependent elements

SQL ‘optional feature taxonomy

are s

bsary

oing

rmits invocations of the modifying Subclause in the incremental part to correctly specify arguments

the

ified

kin a
he

mimaries of certain aspects of normative text in the document. These annexes are never merged,

but a

re 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-

pond

44

ing Annex in a base part are shown by the following considerations.

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

JIEC

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

duplfcate evenif the rows have different counters. If explicit merge instructions are given, then thede are
folloyved. References to Clauses and Subclauses in the text will be adjusted to the values that the referdgnced
Clauses and Subclauses have acquired in the merged text.

6.3.6.10 Order of merging an incremental part

Wheh an incremental part, after the application of applicable Technical Corrigenda, performs a modification
to a (lause or Subclause in a base part, then the modifications are applied in thefellowing sequende:

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

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

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

4) [All modifications to [SO/IEC 9075-2 from the incremental part. Modifications in this final ste may
augment or replace modifications applied as a resit of Step 3).

Mod]fications to one or more base parts by more than one incremental part do not interact. The mgdifi-
cations made by an incremental part only have influence on the language specification of that partfand
those specifications are not influenced by modifications made by other incremental parts. Howevel, if
an SQL-implementation claims conformance'to a base part and another incremental part that modijfies
it, then the modification to the base partfrom the other incremental part are also applied when appllying
the merge of the base part.

6.3.7 Subclauses used as:subroutines

In thjs document, some Subclauses are defined without explicit SQL language syntax4 to invoke thgir
semgntics. Such Subclauses; called “subroutine Subclauses”, typically factor out rules that are required
by Oﬂle or more othercSubclauses and are intended to be invoked by the rules of those other Subclapses.
In a few cases, theseé Stibclauses not having explicit SQL language syntax are intended to be invokedl by
othef standards.and/or through the use of implementation-defined mechanisms.

In other wordsythe rules of these Subclauses behave as though they were a sort of definitional “subroytine”
that |s invoked by other Subclauses in this document, Subclauses in other parts of the ISO/IEC 907p
series,other standards, or implementation-defined mechanisms. These subroutine Subclauses are typjcally
speclfiedinamannerthatrequiresinformationtohe passedtothem from theirinvokers- 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 Sybclauses 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 text is/intended
solely to assist readers of the document in their understanding of the Subclause Signatures@and th¢ir
parameters and returns. If the descriptive text and the normative text in those Subclauses'disagregd, the
Subclauses’ normative text is authoritative.

6.3.8 Document typography

In thp text of all parts of the ISO/IEC 9075 series, the following typographic cofiventions are used.

— |Italicized 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 concepts.

— | 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 beldface indicates the page where the word, phrase, or BNF non-terminal
defined.

[72)

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

— | Anindexentry in neither boldface nor italics indicates a page where the word, phrase, or BNF[non-
terminal is not defined, but is used other than in a Format (for example, in a heading, Functiopn,
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.

ConfprmateeRtdesare genet a}}_y yla\,cd rthe-Stbelatse-thatdefines-the BNFron-terminat-thatis con-
troll¢d by the feature. In those circumstances where the use of a non-terminal is only controlled in|a
specific circumstance the Conformance Rule is placed where the non-terminal is used. This isalso flone
in thpse circumstances where the fact that the use of the non-terminal is controlled by the feature fan

be d¢duced from an inspection of the Syntax Rules and the Conformance Rules of other Subclauseq and
the Qonformance Rule is in principle redundant. As far as possible, other redundancy ifithre Conformance
Rules is avoided.

6.3.11 Implementation-defined and implementation-dependent

In the ISO/IEC 9075 series, some aspects are marked as “implementation-defined”. These aspects 3re
pernjitted to differ in different implementations but each conforming implémentation is required tq fully
specify that aspect. See Subclause 9.7.3, “Requirements for SQL-implementations”, for further information.

Eachjimplementation-defined aspect is assigned a code that is placed in parentheses after each occurrence
of that implementation-defined aspect. See for example, 1st paragraph of Subclause 4.4.9.1, “Catalqgs”:
A catalog is a named collection of SQL-schemas, foreign server descriptors, and foreign datg
wrapper descriptors in an SQL-environment. Themechanisms for creating and destroying catplogs
are implementation-defined (IW005).

The ¢odes assigned to implementation-defined.aspects comprise the letter “1” followed by a letter ind
three digits.

The ¢odes assigned to implementation-défined aspects are stable and can be depended on to remajin
constant. The codes themselves have ho'other meaning than to identify the specific implementatioh-
defirled aspect.

For donvenience, all the implermentation-defined aspects in each incremental part of the ISO/IEC 9075
serigs are collected together in’the non-normative Annex B, “Implementation-defined elements”, that
lists fhose places in thatincremental part where an implementation-defined aspect is referenced.

In the ISO/IEC 9075-sebies some aspects are marked as “implementation-dependent”. These aspects are
pernjitted to differjindifferent implementations, but that are not necessarily specified for any partigular
SQL-implementation. Indeed, an SQL-implementation is not required to exhibit consistent behaviorfwith
regard to a given aspect. Its behavior may depend on such things as the chosen access path, which may
vary|over time. An application should not depend on the specific behavior of any implementation-
dependént'aspects.

Each Tmplementation-dependent aspect Is assigned a code that Is placed In parentheses alter 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

A number of digital artifacts are available for use with the various parts of the ISO/IEC 9075 Serieg. All

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

6.4.2 Language syntax

In the ISO/IEC 9075 series, the grammar (syntax) of database language SQLis defined through thefuse
of anlextended BNF notation, as specified in Subclause 6.2, “Notation prévided in the ISO/IEC 9075 sefies”.

In each part of the ISO/IEC 9075 series that specifies SQL language/grammar, two references to digital
artifacts are included. One of those references identifies a plainztext version of the grammar, and the
other identifies a version marked up in XML. Implementations.of the ISO/IEC 9075 series may use either
versziEn when developing language parsers that process the-SQL grammar.

The parts of SQL that reference these two digital artifacts, and a reference to the text that incorporftes
the

— |ISO/IEC 9075-2 — Subclause 4.1.1, “Notations”
— |ISO/IEC 9075-3 — Subclause 4.1.1, ‘{Notations”
— |ISO/IEC 9075-4 — Subclause 4.10.1; “Notations”
— |ISO/IEC 9075-9 — Subclause4.1.1, “Notations”
— |ISO/IEC9075-10 — Subclause 4.1.1, “Notations”
— |ISO/IEC 9075-13 =-Subclause 4.1.1, “Notations”
— |ISO/IEC 9075-14+— Subclause 4.1.1, “Notations”
— |ISO/IEC 90%5-15 — Subclause 4.1.1, “Notations”
— |ISO/IE€9075-16 — Subclause 4.1.1, “Notations”

tifacts are given here.

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.

6.4.4 Feature codes

Inth
Othe|
may

In ea|
code

all sych feature codes. Implementations of ISO/IEC 9075 may use this artifact for translating the n
lang:;tige description of each feature to_other natural languages for display by relevant software a

doc

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

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

[SO/TEC 9075-3 — Subclause 10.1, "SQLSTATE”
ISO/IEC 9075-4 — Subclause 22.1, “SQLSTATE”

ISO/IEC 9075-9 — Subclause 26.1, “SQLSTATE”

ISO/IEC 9075-10 — Subclause 18.1, “SQLSTATE”
ISO/IEC 9075-13 — Subclause 16.1, “SQLSTATE”
ISO/IEC 9075-14 — Subclause 24.1, “SQLSTATE”
ISO/IEC 9075-15 — Subclause 20.1, “SQLSTATE”
ISO/IEC 9075-16 — Subclause 17.1, “SQLSTATE”

£ [SO/IEC 9075 series, a minimum set of features shall beimplemented by every SQL-implement:
I features are optional and SQL-implementations thatprovide an implementation of optional fea

ch part of the ISO/IEC 9075 series that specifies optional features, a summary of the optional fe
5 that are specified is provided. Each such part provides a link to a digital artifact that summat

entation purposes.

This document — Annex D, “SQL optional feature taxonomy”

ISO/IEC 9075-2=>Annex D, “SQL optional feature taxonomy”
ISO/IEC 9075-3 — Annex D, “SQL optional feature taxonomy”
ISO/IEC9075-4 — Annex D, “SQL optional feature taxonomy”
ISQ/IEC 9075-9 — Annex D, “SQL optional feature taxonomy”

claim conformance to those features. Each such optional feature is identified by a unique codé.

ition.
fures

hture
izes
ural
d for

ISO/IEC9075-10 — Annex D “SQL o

tional feature tavanomy”
o+ Tt E—tax0 10y

n
e R Tz za—ao oo

orreoreoT ©

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”
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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 r
of SQ

The |
artifa

6.4.6

Inth

tevant software, for documentation purposes, and for assisting Users i understanding the de
L-implementations and in specifying their requirements when deploying SQL-implementatio

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

This document — Annex B, “Implementation-defined elements”
ISO/IEC 9075-2 — Annex B, “Implementation-defined elements”
ISO/IEC 9075-3 — Annex B, “Implementation-defined elements”
ISO/IEC 9075-4 — Annex B, “Implementation-defined elements’
ISO/IEC 9075-9 — Annex B, “Implementation-defined elements”
ISO/IEC 9075-10 — Annex B, “Implementation-defined €lements”
ISO/IEC 9075-11 — Annex B, “Implementation-defined elements”
ISO/IEC 9075-13 — Annex B, “Implementationsdefined elements”
ISO/IEC 9075-14 — Annex B, “Implementation-defined elements”
ISO/IEC 9075-15 — Annex B, “Implementation-defined elements”
ISO/IEC 9075-16 — Annex B, “Implenientation-defined elements”

b Implementation-dependent items

e [ISO/IEC 9075 series, a numper of details are specified to be implementation-dependent, as spe

inS

bclause 7.4, “Implementation-dependent elements”.

In each part of the ISO/IE€C 9075 series that specifies implementation-dependent items, a summar
the implementation-dependent items is provided. Each such part provides a link to a digital artifac
suminarizes all such implementation-dependent items. Implementations of ISO/IEC 9075 may us¢
artifact for translating the natural language description of each such item to other natural languagg
display by relevant software, for documentation purposes, and for assisting users in understanding
detalls of SQL*implementations.

The patts'of SQL that reference this digital artifact, and a reference to the text that incorporates the

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

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

ISO/IEC 9075-10 — Annex C, “Implementation-dependent elements”
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— ISO/IEC 9075-11 — Annex C, “Implementation-dependent elements”
— ISO/IEC 9075-13 — Annex C, “Implementation-dependent elements”
— ISO/IEC 9075-14 — Annex C, “Implementation-dependent elements”
— ISO/IEC 9075-15 — Annex C, “Implementation-dependent elements”

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

6.4.7 Header files

Somg¢ parts of the ISO/IEC 9075 series provide one or more header files that application progfams fising

the facilities of each such part may use to declare necessary symbols and other artifacts.

In ealch part of the ISO/IEC 9075 series that specifies such header files, the contents of the header
are specified in an Annex. Each such part provides a link to a digital artifact that contains the text o
suchfheader files. Implementations of ISO/IEC 9075 may use these artifacts for decumentation purp|
and fnay supply the text for use by application program writers.

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

iles
f all
oses,

— |ISO/IEC 9075-3 — Subclause H.1, “C header file sqlcli.h”, and Stbclause H.2, “COBOL library item

SQLCLLI.

— |ISO/IEC 9075-9 — Subclause H.1, “C header file sqlcli.h?, and Subclause H.2, “COBOL library item

SQLCLI".
6.4.8 Ada interface

In the ISO/IEC 9075 series, evaluation of SQL expreéssions and execution of SQL statements result i
raisipg of one or more conditions, as described in Subclause 6.4.3, “Condition codes”.

In ealch part of the ISO/IEC 9075 series thatspecifies language semantics that raises conditions ang
implements an interface for applicatienprograms written in the Ada programming language, the t
(or relevant parts of) an Ada package mamed Interfaces.SQL is specified. Each such part provides a
to a dligital artifact that provides.he text of the Ada package or relevant parts of the Ada package.
Implpmentations of ISO/IEC 9075 may use this artifact for documentation purposes and may prov
the artifact to application programmers writing programs for such implementations.

The parts of SQL that refevence this digital artifact, and a reference to the text that incorporates the
artifyct are given heré;

— |ISO/IEC 90752 — Subclause 13.3, “<externally-invoked procedure>"
— |ISO/IEE9075-4 — Subclause 12.1, “<externally-invoked procedure>"
— |ISOY/IEC 9075-9 — Subclause 12.2, “<externally-invoked procedure>"

h the

that
pxt of
link

de

— ISO/IEC9075-14 — subclause 13.1, “<externally-invoked procedure>
— ISO/IEC 9075-15 — Subclause 12.1, “<externally-invoked procedure>"
— ISO/IEC 9075-16 — Subclause 13.1, “<externally-invoked procedure>"

6.4.9 Schema definition

Some parts of the ISO/IEC 9075 series specify the SQL schema definition and manipulation statem

ents

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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6.4 Digital artifacts

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”.
— [ISO/IEC 9075-11 — Clause 6, “Information Schema”, and Clause 7, “Definition Schema®,
— |ISO/IEC 9075-13 — Clause 14, “Information Schema”, and Clause 15, “Definition Schema”.
— |ISO/IEC 9075-14 — Clause 21, “Information Schema”, and Clause 22, “Definitioh Schema”.
— |ISO/IEC 9075-15 — Clause 18, “Information Schema”, and Clause 19, “Definition Schema”.
— |ISO/IEC 9075-16 — Clause 15, “Information Schema”, and Clause 16;“Definition Schema”.

6.4.10 XML Schemata

Somg¢ parts of the ISO/IEC 9075 series specify XML Schema definitions that specifies the XML schemas
requjred by implementations conforming to the specifications/fthose parts.

In eajch part of the ISO/IEC 9075 series that specifies such.an'’XML Schema, the text of the XML Schema
is provided. Each such part provides a link to a digital artifact that contains the text of such schemds.
Implpmentations of ISO/IEC 9075 may use these artifdcts for documentation purposes, and may use
thos¢ schemas in their implementations, and may provide them to application writers.

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

— [ISO/IEC9075-14 — Clause 23, “SQL/XML XML schema”.
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Annexes to the parts of the ISO/IEC 9075 series

Annexes are informative
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Vers:li)n. The most freguent cause of such incompatibilities is the addition of reserved key words to

rannexto every part‘ ofthe TQﬂ/”:‘F 9075 seriesisinformative The cantents ofeach annex pro

ional information, some of which restates that which is stated elsewhere in the normative. tex

SQL conformance summary
y part of the ISO/IEC 9075 series contains an Annex that lists every feature of ISO/IE€ 9075, ord

ature number, including the number and name of every Subclause that contains-a Conforman
associated with that feature.

Implementation-defined elements
y part of the ISO/IEC 9075 series contains an Annex that lists every«element of SQL and its proce

s specified in that part, and is permitted to differ between SQL-implementations, but is requir
ecified by the implementor for each particular SQL-implenientation.

Implementation-dependent elements

y part of the ISO/IEC 9075 series contains an AnnéX that lists every element of SQL and its proce
s mentioned, but not specified in that part, and.is thus permitted to differ between SQL-implen
s, but is not required to be specified by the:ifdplementor for a particular SQL-implementation|

Deprecated features

y part of the ISO/IEC 9075 series contains an Annex thatlists every element of SQL and its proce
s specified in that part, but that may be omitted in some future revision of that part.

Incompatibilities'with previous versions

 part of the ISO/IE€9075 series contains an Annex thatlists every element of SQL and its proce
s specified in a preyious version of that part, but that is not specified in the same way in the pr:

age, which.invalidates their use in SQL language that conformed to an earlier version of ISO/]

SQL feature taxonomy
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EC 9075-2 and every incremental part contains an Annex that lists every feature of ISO/IEC9

defined in that part, ordered by Feature number, specifying the name of that feature.

7.8

Defect Reports

075

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 ¢ond n-codes-and-theirassociate 8 are-available from the 1SO website as a —digital a act”.
Seefttps://standards.iso.org/iso-iec/9075/-1/ed-6/en/ todownload digital artifacts
for this document. To download the condition codes and associated text, select the file named
| SO[I EC 9075- 1( E) _Framewor k-condi ti ons. xm .

Table 4 — SQLSTATE class and subclass codes

Category Condition Class Subcondition Subclgss

X syntax error or access rule viola- 42 (no subclass) 000
tion
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9 Conformance

9.1 Kinds of conformance claims

Seve ral different fypoc of conformance may be claimed ernry claim of conformance shallinclude a min-

imurh claim of conformance. In addition, conformance may be claimed for zero or more incrementalparts
and for zero or more optional features.

9.2 Minimum conformance

Every claim of conformance shall include a claim of minimum conformance, which is\defined as a clpim
to meet the conformance requirements specified in ISO/IEC 9075-2 and ISO/IEC 9075-11. A claim|of
minifnum conformance shall include the statements required by the conformanée requirements of ISQ/IEC
9074-2 and ISO/IEC 9075-11.

Core|SQL is set of the features defined in the conformance requirements specified in ISO/IEC 9075-2 and
ISO/[EC 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 featyres
defirled in that part.

In addition every claim of conformance to a part of.the ISO/IEC 9075 series shall meet the confornjance
requjrements specified in that part.

A clajm of conformance to an incremental partiefthe ISO/IEC 9075 series shall include the claims reqfiired
by the conformance requirements of that Part of the ISO/IEC 9075 series to which conformance is clajmed.

9.4 Conformance to features

In addition to those features that’are mandatory for conformance to a part of the ISO/IEC 9075 seifies
(inclpding ISO/IEC 9075-2.and ISO/IEC 9075-11), parts of the ISO/IEC 9075 series may define optional
featyres. These featuresare/identified by Feature ID and controlled by Conformance Rules (see
Subclause 6.3.10, “Feature ID and Feature Name”).

An optional feature FEAT is defined by relaxing selected Conformance Rules, as noted at the beginrling
of each Conformance Rule by the phrase “without Feature FEAT, “name of feature”, ..”. An applicatign
designates a'set of SQL features that the application requires; the SQL language of the application ghall

htion
Ibset

of the SQL- 1mplementat10ns 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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9.4 Conformance to features

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| Extensions and options

An SQL-implementation may provide implementation-defined features that are additional to those spe¢ified
by ISO/IEC 9075, and may add to the list of reserved words.

NOTE 13 — Ifadditional words are reserved, then it is possible that a conforming SQL-statement will'be processed incoyfrectly.

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

OTE 14 — An SQL Flagger can flag implementation-defined features using any Feature ID'not defined by the ISO/IE¢ 9075
bries. However, there is no guarantee that some future edition of the ISO/IEC 9075.series will not use such a Featuge ID
r a standard-defined feature.

OTE 15 — The implementation-defined features flagged by an SQL Flagger’caninclude implementation-defined feptures
om more than one SQL-implementation.

2 _h =z hwn =

OTE 16 — The allocation of a Feature ID to an implementation-defined\.feature possibly differ between SQL Flaggefrs.

It is implementation-defined (IA012) whether an SQL-implementation makes a feature visible thrqugh
the SQL_FEATURES view of the Information Schema.

It is implementation-defined (IE006) whether an SQL-implementation provides support for additipnal
SQL-fnvoked routines. It is implementation-defined (IE007) whether an SQL-implementation provjdes
suppport for additional argument values for SQL-invoked routines.

An SQL-implementation may provide user options to process non-conforming SQL statements or rofitine
invogations. An SQL-implementation may provide user options to process SQL statements or routihe
invo¢ations so as to produce a result different from that specified in the parts of the ISO/IEC 9075 s¢ries.

It shall produce such results onlyywhen explicitly required by the user option. Additional extension and
optigns may be specified in incremental parts of the ISO/IEC 9075 series.

9.6| SQL flagger

An SQL Flagger is@-fdcility, provided by an SQL-implementation, that is able to identify SQL languapge
extensions, or.other SQL processing alternatives, that may be provided by a conforming SQL-implemen-
tatiop (see Subelause 9.5, “Extensions and options”).

An SQL Flagger is intended to assistin the production of SQL language that is both portable and inter¢per-
able pmong different conforming SQL-implementations operating under different levels of the ISOfIEC
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;
— | Part SQL Flagging.

An SQL Flagger that provides one of these options shall be able to identify SQL languageconstructg that
violafte 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 features reqpired
for cpnformance 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
featyres in addition to the indicated subset of SQL language are needed.toomake the SQL language ¢on-
strudts conforming.

An SQL Flagger provides one or more of the following “extent of.cliecking” options:
— | Syntax Only;
— | Catalog Lookup.

Undgr the Syntax Only option, the SQL Flagger analyzes-only the SQL language that is presented; it checks
for violations of all Syntax Rules that can be determined without access to the Information Schema, It
does|not necessarily detect violations that depend on the data type of syntactic elements, even if sych
violations are in principle deducible from the(syntax alone.

OTE 18 — Further details can be found in.Annex D, “SQL optional feature taxonomy”, in ISO/IEC 9075-2, Annex D,|*SQL
tional feature taxonomy”, in ISO/IEC 907523, Annex D, “SQL optional feature taxonomy”, in ISO/IEC 9075-4, Anngx D,
“BQL optional feature taxonomy”, in ISQ/IEC 9075-9, Annex D, “SQL optional feature taxonomy”, in ISO/IEC 9075-10,
nnex D, “SQL optional feature taxortemy”, in ISO/IEC 9075-11, Annex D, “SQL optional feature taxonomy”, in ISO/IEC
075-13, Annex D, “SQL optional feature taxonomy”, in ISO/IEC 9075-14, Annex D, “SQL optional feature taxonomy’|, in
b0/IEC 9075-15, and Annex D;+SQL optional feature taxonomy”, in ISO/IEC 9075-16.

—_—\0

Undgqr the Catalog Lookup. 0ption, the SQL Flagger assumes the availability of Definition Schema informption
and ¢hecks for violations-of all Syntax Rules. For example, some Syntax Rules place restrictions on flata

types; this flagger option would identify extensions that relax such restrictions. In order to avoid sequrity
breaghes, this option/shall view the Definition Schema only through the eyes of a specific Informatjon
Schema. The flagger does not necessarily execute or simulate the execution of <SQL schema definiJion
statgment>s'0r<SQL schema manipulation statement>s.

An SQ)L-implementation may claim conformance to Feature F812, “Basic flagging”, if and only if it
implenents an SQL flagger with “level of flagging” specified to be “Core SQL Flagging” and “extent ¢f
checking” specified to be “Syntax Only”.

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

A claim of minimum conformance.
Zero or more claims of conformance to incremental parts.

Zero or more claims of conformance to optional features.

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.

9.7.2 Requirements for SQL applications

The {
more

A con

aret

A coqf

9.7.]

A conforming SQL-implémentation shall process conforming SQL language according to the associ

Gend

A conforming SQE-implementation shall process conforming routine invocations according to the as

ated

A clajm ofieonformance by an SQL-implementation shall also state the following.

clain[ed.
A clalim of conformance by an SQL application shall also state the following.

erm “SQL application” is used here to mean a collection of compilation units that contains 0ng
of the following.

SQL statements.
Invocations of SQL/CLI routines.

Invocations of externally-invoked procedures.

ue.
Every SQL statement or SQL invocation is syntactically correct intaccordance with ISO/IEC 9(
The schema contents satisfy the requirements of the SQL application.
The SQL-data conforms to the schema contents.

The user has not submitted for immediate execution an SQL-statement that is not syntactical
correct.

forming SQL application shall not use additionalfeatures, or features beyond the level of conform

What implementation-defined elements and actions are relied on for correct performance.

What schema contents are réquired to be supplied by the user.

B Requirements for SQL-implementations

ral Rules, Definitiens, and Descriptions.

Definitions'and General Rules.

or

forming SQL application shall be processed without syntax error, provided that all of the follojwing

75.

y

ance

hted

SoCi-

The definition for every element and action, within the scope of the claim, that ISO/IEC9075 spe

rifies

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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