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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical

16(E)

Commission) form the spemahzed system for worldw1de standardization. National bodles that are members

estab 1shed by the respectlve organlzatlon to deal W1th partlcular ﬁelds of technlcal act1v1ty ISO and [EC

techrfical committees collaborate in fields of mutual interest. Other international organizations, governm
and rjon-governmental, in liaison with ISO and IEC, also take part in the work. In the field of informatig
techrjology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

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

Attenjtion is drawn to the possibility that some of the elements of this docunieit may be the subject of p4
rights. ISO and IEC shall not be held responsible for identifying any or all'such patent rights. Details of]
patent rights identified during the development of the document will be in' the Introduction and/or on thg
list of patent declarations received (see www.iso.org/patents).

Any frade name used in this document is information given for:the convenience of users and does not
consa[':ute an endorsement.

For an explanation on the meaning of ISO specific termsiand expressions related to conformity assessmg
well s information about ISO's adherence to the World* Trade Organization (WTO) principles in the
Techpical Barriers to Trade (TBT) see the following™URL: www.iso.org/iso/foreword.html.

The ¢gommittee responsible for this document 18ISO/IEC JTC 1, Information technology, SC 32, Data
mandgement and interchange.

ed in
of
1IEC

tent
any
ISO

nt, as

This fifth edition of ISO/IEC 9075-1 caneels and replaces the fourth edition (ISO/IEC 9075-1:2011), which

has been technically revised. It alsg ‘incorporates Technical Corrigendum ISO/IEC 9075-1:2011/Cor.1:2

A list of all parts in the ISO/IEC 9075 series, published under the general title I nformation technology —
Datapase languages — Qk;can be found on the ISO website.

NOTHE  The individual parts of multi-part standards are not necessarily published together. New editions of one or more parts|
can bg publishedwithout publication of new editions of other parts.

D13.
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Introduction

The organization of this part of ISO/IEC 9075 is as follows:

1)
2)

3)
4)
5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

Clause 1, “Scope”, specifies the scope of this part of ISO/IEC 9075.

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

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

Clause 5, “The parts of ISO/IEC 9075, summarises the content of each of the parts of ISO/IEC 907}
terms of the concepts described in Clause 4, “Concepts”.

Clause 6, “Notation and conventions used in other parts of ISO/IEC 9075’ defines notation and conver
tised in other parts of ISO/IEC 9075.

Clause 7, “Annexes to the parts of ISO/IEC 9075”, describes the €ontent of annexes of other parts o
SO/IEC 9075.

Clause 8, “Conformance”, specifies requirements that apply:to claims of conformance to all or somé
the parts of ISO/IEC 9075.

Annex A, “Maintenance and interpretation of SQL?, S an informative Annex. It describes the forma
edures for maintenance and interpretation of 1S©/IEC 9075.

Annex B, “Implementation-defined elements;”, is an informative Annex. It lists those features for wi
1he body of this part of ISO/IEC 9075 states that the syntax, the meaning, the returned results, the et
n SQL-data and/or schemas, or any.other behavior is partly or wholly implementation-defined.

A\nnex C, “Implementation-dependent elements”, is an informative Annex. It lists those features for \
1he body of this part of ISO/IEC,9075 states that the syntax, the meaning, the returned results, the et
n SQL-data and/or schemas,or any other behavior is partly or wholly implementation-dependent.

Committee intend will’not appear in a future revised version of this part of ISO/IEC 9075.

\nnex E, “Incompatibilities with ISO/IEC 9075:2011”, is an informative Annex. It lists incompatib
vith the previous version of this part of ISO/IEC 9075.

A\nnex E~£SQL feature taxonomy”, is an informative Annex. It identifies features of the SQL langua
gpecified in this part of ISO/IEC 9075 by an identifier and a short descriptive name. This taxonomy is

Clause 3, “Definitions and use of terms”, defines terms used in this and other parts of ISO/IEC 9075.

5,in

tions

of

pro-

ich
fect

vhich
fect

Annex D, “Deprecated(features”, is an informative Annex. It lists features that the responsible Technical

lities

ge
used

1|o specify conformance.

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

national Standard.

In the text of this part of ISO/IEC 9075, Clauses and Annexes begin new odd-numbered pages. Any resulting
blank space is not significant.
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Information technology — Database languages — SQL —

Part| 1:
Framework (SQL/Framework)

1 Hcope

This part of ISO/IEC 9075 describes the conceptual framework used in other parts‘@f ISO/IEC 9075 to specify

the grammar of SQL and the result of processing statements in that language hy-an SQL-implementatior).

This part of ISO/IEC 9075 also defines terms and notation used in the other'parts of ISO/IEC 9075.

©ISO/IEC 2016 — All rights reserved
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2.1 1SO and IEC standards

2 Normative references

The fplTowing referenced docUments are indispensable Tor the application of this docUment. For dated referq
only the edition cited applies. For undated references, the latest edition of the referenced document (incl
any gmendments) applies.

2.1 | 1SO and IEC standards

[1$09075-2] ISO/IEC 9075-2:2016, Information technology — Database languages — SQL — Part 2

Fgundation (SQL/Foundation)

[l
Call-Level Interface (SQL/CLI)

sistent Sored Modules (SQL/PSM)

agement of External Data (SQL/MED)

[1$09075-10] ISO/IEC 9075-10:2016, Information technology — Database languages — SQL — Par
Object Language Bindings (SQL/OLB)

[1$09075-11] ISO/IEC 9075-11:2016, Infermation technology — Database languages — SQL — Par
Information and Definition Schemas (SQL/Schemata)

[1$09075-13] ISO/IEC 9075-13:2016, Information technology — Database languages — SQL — Par]
L Routines and Types Using-the Java™ Programming Language (SQL/JRT)

[1$09075-14] ISO/IEC 9075-14:2016, Information technology — Database languages — SQL — Par
L-Related Specifications (SQL/XML)

[1$010646] 1SO/IEC10646, Information technology — Universal Multiple-Octet Coded Character S

b09075-3] ISO/IEC 9075-3:2016, Information technology — Database languages — SQL — Part 3:

[1$09075-4] ISO/IEC 9075-4:2016, Information technol ogy —< Database languages — SQL — Part 4

[1$09075-9] ISO/IEC 9075-9:2016, Information technolegy — Database languages — SQL — Part 9:

nces,
iding

t 10:

t 11:

t 13:

t 14:

Si

[1$014651)ISO/IEC 14651, Information technology — International string ordering and comparisom —

hod for-comparing character strings and description of the common template tailorable ordering.
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3.1 Definitions

3 Definitions and use of terms

3.1 | Definitions

3.1.1 Definitions provided in this standard

In this document, the definition of a verb defines every voice, mood, and tense of that-verb.
For the purposes of this document and other parts of ISO/IEC 9075, the following definitions apply:

3.1.1)1  atomic
incapable of being subdivided

3.1.142  column
field of the row type of a table

3.1.1}3  compilation unit
segment of executable code, possibly consisting of one or more subprograms

3.1.1{4  data type
set of representable values

3.1.1}5  descriptor
coded description of an SQL object

v

NOTE 2 — It includes all of theinformation about the object that a conforming SQL-implementation require

3.1.116 field
(field name, data type)-pair

NOTE 3 — A.value of a field is a value of its data type.
3.1.147  fully qualified*(of a name of some SQL object)
with all @ptional components specified explicitly

NOTE 4 — A fully qualified name does not necessarily identify an object uniquely. For example, although a fully
qualified specific name, consisting of a catalog name, a schema name and a specific name, uniquely identifie§ a
routine, a fully qualified routine name doesn't necessarily do so.

3.1.118 identifier

loi oot | lo:ale plo s re—ial Y PN |
UUJCLL DY WITITCIT SUTTTEUTTTY 15 TUTTILHIIEU

3.1.1.9 identify
to reference something without ambiguity

3.1.1.10 implementation-defined
possibly differing between SQL-implementations, but specified by the implementor for each partic-
ular SQL-implementation

3.1.1.11 implementation-dependent

©ISO/IEC 2016 — All rights reserved Definitions and use of terms 5
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3.1 Definitions

3.1.1.

3.11

311

3.11

311

3.11

3.11

311

3.11

311

311

311

3.11

3.1.1.

3.1.1.

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

12 instance (of a value)
physical representation of a value
NOTE 5 — Each instance is at exactly one site. An instance has a data type that is the data type of its value.
15 null value
special value that is used to indicate the absence of any data value
14 object (as in "x object")
thing that is a component of, or is otherwise associated with, some x and cannot exist independently
of that x
NOTE 6 — For example, an SQL object is an object that exists only in the context of SQL; an SQL-schema @bject
is an object that exists in some SQL-schema.
15 persistent
continuing to exist indefinitely, until destroyed deliberately
NOTE 7 — Referential and cascaded actions are regarded as deliberate~Actions incidental to the termination|of an
SQL-transaction or an SQL-session are not regarded as deliberate.
16 property (of an object)
attribute, quality, or characteristic of the object
17  row
value of a row type, i.e., a sequence of field valties; for rows in a table, a sequence of column vialues
18 scope (of a standard)
clause in the standard that defines the subject of the standard and the aspects covered, thereby|indi-
cating the limits of applicability of the’standard or of particular parts of it
19 scope (of a name or declaration)
one or more BNF non-terminal symbols within which the name or declaration is effective
20 scope (of a reference type)
table that a value ofthat reference type references
21 sequence
ordered collection of objects that are not necessarily distinct
22  site
place oceupied by an instance of a value of some specified data type (or subtype of that data type)
23 S@L*connection
association between an SQL-client and an SQL-server
24 QQI environment
context in which SQL-data exists and SQL-statements are executed
25 SQL-implementation
processor that processes SQL-statements
NOTE 8 — A conforming SQL-implementation is an SQL-implementation that satisfies the requirements for SQL-
implementations as defined in Clause 8, “Conformance”.
26 SQL-session

6 Framework (SQL/Framework) ©ISO/IEC 2016 — All rights reserved
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context within which a single user, from a single SQL-agent, executes a sequence of consecut
SQL-statements over a single SQL-connection

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

9075

20 +alal

ive

311

3.2

The ¢

Ano
exist
as a (
also

3.3

In se
N

Thos|
is no

0 CAVIT

collection of zero or more rows

Use of terms

oncepts on which ISO/IEC 9075 is based are described in terms of objects, in the usual sense of the

bject might be considered to be a component of the object on which it depends. If an objects ceases
then every object dependent on that objects also ceases to exist. The representation of an object is k

bubclause 6.3.4, “Descriptors”.

Informative elements

eral places in the body of ISO/IEC 9075, informative notes appear. For example:

OTE 9 — This is an example of a note.

b notes do not belong to the normative parttSO/IEC 9075. A claim of conformance to material in a
meaningful.

escriptor. The descriptor of an object represents everything that needs to be known about the object.

vord.

to
hown
See

Note
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4,1 Caveat

Concepts

Caveat

Clause describes concepts that are, for the most part, specified precisely in other parts of JISO/IEC ¢

In any case of discrepancy, the specification in the other part is to be presumed correct.

4.2

SQL-environments and their components

4.2.1 SQL-environments

An SQL-environment comprises:

Dne SQL-agent.

Dne SQL-implementation.

Zero or more SQL-client modules, containing-externally-invoked procedures available to the SQL-4
Zero or more authorization identifiers.

Zero or more user mappings.

Yero or more routine mappings:

Zero or more catalogs, each of which contains one or more SQL-schemas, zero or more foreign ser
dlescriptors, and zero ormore foreign-data wrapper descriptors.

The sites, principaly-base tables, that contain SQL-data, as described by the contents of the schemas

eanings in_the-general context.

4.2.9 ~SQL-agents

075.

gent.

er

This

xwata may be thought of as “the database”, but the term is not used in ISO/IEC 9075, because it has different

An SQL-agent is that which causes the execution of SQL-statements. In the case of the direct invocation of
SQL (see Subclause 5.3.3.3, “Direct invocation of SQL”), it is implementation-defined. Alternatively, it may
consist of one or more compilation units that, when executed, invoke externally-invoked procedures in an SQL-
client module.

©ISO/IEC 2016 — All rights reserved
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4.2 SQL-environments and their components

4.2.3

SQL-implementations

An SQL-implementation is a processor that executes SQL-statements, as required by the SQL-agent. An SQL-
implementation, as perceived by the SQL-agent, includes one SQL-client, to which that SQL-agent is bound,
and one or more SQL-servers. An SQL-implementation can conform to ISO/IEC 9075 without allowing more
than one SQL-server to exist in an SQL-environment.

Beca
deno
betw
by th

1SO/
vend
4.2.3

An S
SQL

to interactions between itself, the SQL-agent, and the SQL-servers:

Whe
by th
“Dia
necti
SQL

4.2.3

Each
SQL
Each

Lise an SQL-implementation can be specified only in terms of how it executes SQL-statements, the©€g
es an installed instance of some software (database management system). ISO/IEC 9075 does notdistin
ben features of the SQL-implementation that are determined by the software vendor and those|deterr
e installer.

EC 9075 recognizes that SQL-client and SQL-server software may have been obtained from differ
prs; it does not specify the method of communication between SQL-client and SQE3server.

.1 SQL-clients

DL-client is a processor, perceived by the SQL-agent as part of the SQL-implementation, that estab
connections between itself and SQL-servers and maintains a.diagnostics area and other state data re

N one or more SQL-connections have been established for-an SQL-client, the diagnostics area maint
at SQL-client is a copy of the first diagnostics area.in the diagnostics area stack (see Subclause 4.8.
jnostic information™) maintained by the SQL-server of the current SQL-connection. When no SQL
bn exists, the diagnostics area is either empty or.eontains diagnostics information pertaining to some

connection.

.2 SQL-servers

NL-server is a processoy; perceived by the SQL-agent as part of the SQL-implementation, that ma
data.

SQL-server:

Vianages 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 required.

Viaintains the state of the SQL-session, including the authorization identifier and certain session def

ncept
guish
nined

Nt

ishes
ating

pined
-
con-
ailed

nages

hults.

4.2.4 SQL-client modules

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

An SQL-client module does not necessarily have a name; if it does, the permitted names are implementation-
defined.

10 Framework (SQL/Framework)
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An SQL-client module contains zero or more externally-invoked procedures. An externally-invoked procedure
consists of a single SQL-statement. An externally-invoked procedure is invoked from a compilation unit of a
host language.

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

4.2.4 User identifiers
A usgr identifier represents a user. The means of creating and destroying user identifiers, and their mappipg to
real ysers, is not specified by ISO/IEC 9075.
4.2.4 Roles

Aroleis a potential grantee and grantor of privileges and of other roles<A role can also own schemas and |other
objeqts.

A role authorization permits a grantee (see Subclause 4.6.11, ‘‘Privileges”) to use every privilege granted to
the rgle. It also indicates whether the role authorization is grantable, in which case the grantee is authorized to
grant|the role, to revoke a grant of the role, and to destroyche role.

4.2.1 User mapping concepts

A us¢r mapping pairs an authorization identifier with a foreign server descriptor.

4.2.4 Routine mapping cencepts

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

NOTE 10 — In this revision of ISO/IEC 9075, the SQL-invoked routine that is paired with a foreign server descriptor is restricted
be an SQL-invoked regular function. Possible future revisions may drop this restriction.

—

4.2.9 cCatalogs and schemas

4.2.9.1 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 implementation-
defined.

©ISO/IEC 2016 — All rights reserved Concepts 11
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The default catalog name for <preparable statement>s that are dynamically prepared in the current SQL-session
through the execution of <prepare statement>s and <execute immediate statement>s is initially implementation-
defined but may be changed by the use of <set catalog statement>s.

4.2.9.2 SQL-schemas

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

>

y

A schlema, the schema objects in it, and the SQL-data described by them are said to be owned by the authorization
identjfier associated with the schema.

SQL1schemas are created and destroyed by execution of SQL-schema statements (or by implementation-dgfined
mechanisms).

4.2.9.3 The Information Schema

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

The ¢ata available through the views in an Information.Schema includes the descriptors of the Informatipn
Schema itself. It does not include the schema objects;or base tables of the Definition Schema (see
Subcjause 4.2.9.4, “The 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 that user has.privileges.

4.2.9.4 The Definition Schema

The dlefinition schema is afictitious schema with the name DEFINITION_SCHEMA,; if it were to exist, fthe
SQL1data in its base tables would describe all the SQL-schemas available in a catalog. ISO/IEC 9075 degfines
it only in order to use.it as the basis for the views of the Information Schema.

The gtructure of\the Definition Schema is a representation of the data model of SQL.

4.2.10 Foreign servers and descriptors

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

12 Framework (SQL/Framework) ©ISO/IEC 2016 — All rights reserved


https://standardsiso.com/api/?name=3a0bf8826ec24ab761de4e959254906e

ISO/IEC 9075-1:2016(E)
4.2 SQL-environments and their components

4.2.11 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.

4.2.12 SQL-data

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

4.3 | Tables

Ataljleis a collection of zero or more rows where each row is an instance of the-row type of the table. In geperal,
rows|in a table are unordered; however, rows in a table are ordered if the table is the result of a <query
exprgssion> that immediately contains an <order by clause>. The columns of a table are the fields of the|row
type pf the table. Each column has a name and a data type. Each rowhas exactly one value 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 references zero or morq base
table$ and returns a table is called a query. The result of a:query is called a derived table. The rows of a dgrived
tablel[may be ordered.

The rlows of a table have a type, called “the row type”; every row of a table has the same row type, which is
also the row type of the table. A table that is declared to be based on some structured type is called a “typed
table]; its columns correspond in name and declared type to the attributes of the structured type. Typed tables
have jone additional column, called the “'self-referencing column” whose type is a reference type associated
with fhe structured type of the table.

If a typed table TB1 has an associated structured type TP1 that is a subtype of some other structured type| TP2,
then [TB1 can be defined to be a*isubtable” of a typed table TB2 whose associated type is TP2; TB2 is, in this
case,|a “supertable” of TBL

A vigw is a named query,which can be invoked by use of this name. The result of such an invocation is galled
a vieyved table.

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

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

A base table is either a schema object (its descriptor is in a schema; see Subclause 4.6.5, “Base tables and their
components™) or a module object (its descriptor is in a module; see Subclause 4.9, “Modules”). A base table
whose descriptor is in a schema is called a created basetable, and may be either persistent or temporary (though
its descriptor is persistent in either case). A persistent base table contains 0 (zero) or more rows of persistent
SQL-data. A persistent base table is either a regular persistent base table or a system-versioned table. System-
versioned tables differ from regular persistent base tables in two major respects:
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4.3 Tables

— System-versioned tables have two columns of datetime type whose values are generated automatically.

— 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.

At

nporary tableis an SQL -session object that cannot accessed from any other SQI -session. A global t

rary

table

can be accessed from any associated SQL-client module. A local temporary table can be accessed

from|the module to which it is local.

A temporary table is empty when an SQL-session is initiated and it is emptied (that is, all its rows-are de
eithef when an SQL-transaction is terminated or when an SQL-session is terminated, dependiig on its
desctiptor.

4.4 SQL data types

4.4.1 General data type information

Every data value belongs to some data type.

Every data type is either predefined, constructed, or user=defined. Every data type has a name. The name
preddfined or constructed data type is a reserved word specified by that part of ISO/IEC 9075 that specifie
data fype. The name of a user-defined type is provided in its definition. A user-defined data type is a sche

objeq

A pré
ment
when

A prg
other
a stri

A co
comy

4.4.2

t; see Subclause 4.6.4, “User-defined types”.

defined data type is a data type specified-by ISO/IEC 9075, and is therefore provided by the SQL-ir
ation. A data type is predefined even.though the user is required (or allowed) to provide certain paran
specifying it (for example the preeision of a number).

defined data type is atomic,.Anatomic type is a data type whose values are not composed of values
data types. The existence-of-an operation (SUBSTRING, EXTRACT) that is capable of selecting p|
ng or datetime value dees ot imply that a string or datetime is not atomic.

nstructed type is either’atomic or composite. A composite type is a data type each of whose values i
osed of zero orymere values, each of a declared data type.

Thenull value

pnly

eted)

ofa
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I This

Every

F- elida al ol Aallad tha vl P~ XY
uatu Ly luc HEHaeSa opcum.l VG.IUC tareotne Rt var uc S6m IULIIIICO CUCTTotcu uy La )t r\cy WOt

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 keyword NULL
cannot be inferred; hence NULL can be used to denote the null value only in certain contexts, rather than
everywhere that a literal is permitted.
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— Although the null value is neither equal to any other value nor not equal to any other value — it is unknown
whether or not it is equal to any given value — in some contexts, multiple null values are treated together;
for example, the <group by clause> treats all null values together.

4.4.3 Predefined types

4.4.3

Ther
preci
may
may

Ever
radix
the rg
repre

arith

4.4.3

A value of character string type is a string (sequience) of characters drawn from some character repertoirg.

chardg
expre
of fix
objeq
charg
that i

A ch
SET
may
NAT

4.4.3

excem;[ion condition is raised if the result is outside the range of numeric values of the result type, or if tf

.1 Numeric types

P are three classes of numeric type: exact numeric, which includes integer types andctypes with speg
5ion and scale; approximate numeric, which is essentially binary floating point, and-for which a preg
pptionally be specified; and decimal floating point, which is essentially decimal floating point. A prec
bptionally be specified for both approximate numeric and decimal floating point types.

number has a precision (number of digits), and exact numeric types also' have a scale (digits after
point). Arithmetic operations may be performed on operands of différent or the same numeric type
sult is of a numeric type that depends only on the numeric type @f the operands. If the result canno
sented exactly in the result type, then whether it is rounded or fruncated is implementation-defined.

etic operation is not defined for the operands.

.2 Character string types

cters in a character string Sare all drawn from the same character set CS. If Sis the value of some
ssion E, then CSis the character séet specified for the declared type of E. A character string type is
ed length, or of variable length up to some implementation-defined maximum. A value of character
t type is a string of characterssfrom some character repertoire and is always associated with exactly

5 probably greater than-that’of other character strings.

n the data type;-a particular character set chosen by the implementation to be the national characte
be specified by specifying NATIONAL CHARACTER, NATIONAL CHARACTER VARYING, or
ONAL CHARACTER LARGE OBJECT (or one of several syntactic equivalents) as the data type.

hracter string may, bespecified as being based on a specific character set by specifying CHARACTE

ified
ision
sion

the
and
be
An
e

The

ither
arge
one

cter set. A large object character string is of variable length, up to some implementation-defined maximum

.32Binary string types

A value of binary string type is a string (sequence) of octets. A binary string type is either of fixed length or
of variable length, up to an implementation-defined maximum. A value of binary large object type is a string
of octets. A binary large object string is of variable length, up to some implementation-defined maximum that
is probably greater than that of other binary strings.
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443

4 Boolean type

A value of the Boolean data type is either true or false. The truth value of unknown is sometimes represented
by the null value.

4.4.3

Ther

A value of data type TIMESTAMP comprises values of the datetime fields YEAR (between 0001 and 99

MON
Ava

Ava
and [

A value of DATE is a valid Gregorian date. A value of TIME is a valid time of day.

TIM

TIM
assod
of th¢

4.4.3

A value of an interval type represents the duration of a period of time. There are two classes of intervals

class
both.
any g

4.4.3

Valug

.5 Datetime types

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

TH, DAY, HOUR, MINUTE and SECOND.
ue of data type TIME comprises values of the datetime fields HOUR, MINUTE-and SECOND.

ue of data type DATE comprises values of the datetime fields YEAR (between 0001 and 9999), MOI
DAY.

FSTAMP and TIME may be specified with a number of (decimal) digits of fractional seconds preci

FSTAMP and TIME may also be specified as being WITH\FIME ZONE, in which case every value
iated with it a time zone displacement. In comparing values of a data type WITH TIME ZONE, the
 time zone displacement is disregarded.

.6 Interval types

called year-month intervals, has an interval precision that includes a YEAR field or a MONTH fie
The other class, called day-time'intervals, has an express or implied interval precision that can incl
et of contiguous fields othekthan YEAR or MONTH.

7 XML type

s of the XML type are called XML values.

99),

NTH,

ion.

has
value

One
d, or
de

44.

4.4.4.1 Reference types

A reference typeis 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.
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4.4.5 Constructed composite types

4.45.1 Collection types

A col

16(E)
types

An a|
ordin

An a
A my
A mtu

4.4.3

A roy\

4.5

4.5.1

A sit
persi
A sit

lection camnrises zero or more elements of a snecified data tvne known as the element tvpne
1 g > i >4 ot

al position in the array.
ray type is specified by an array type constructor.
Itiset is an unordered collection of not necessarily distinct values.

Itiset type is specified by a multiset type constructor.

.2 Row types

v type is a sequence of one or more fields. A value of a row type-s the sequence of values of its fiel

Sites and operations on sites

Sites

b is a place that holds an instance of a value of a specified data type. Every site has a defined degreg
stence, independent of its data type. A site that exists until deliberately destroyed is said to be persig
p that necessarily ceases to exist on completion of a compound SQL-statement, at the end of an SQ

trans
to ho

hction, or at the end of an SQL-session is said to temporary. A site that exists only for as long as nece
d an argument or returned value is said to be transient.

As indicated above, the-principal kind of persistent or temporary site is the base table. A base table is a sj
kind pf site, in that constraints can be specified on its values, which the SQL-implementation is required
enforce (see Subgclause 4.6.5.4, “Table constraints™).

Somg sites may.be referenced by their names — for example, base tables and SQL variables (see [ISO9
4]). Jome sites may be referenced by a REF value. A site occupied by an element of an array may be referg
by itg element number.

Fray is an ordered collection of not necessarily distinct values, whose elements are referenced-by.thgi

14
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Ktent.
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45.2 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 sourcevalue). Assignment

has n
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4.5 Sites and operations on sites

45.3 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

nulla

No t3

ble, but columns derived from such columns may inherit the characteristic.

4.6

4.6.1

AnS
that i
no ex
loss ¢
corre

Ever
belon

q

[«

ble can he null_tha |gh atahle may have no rows

SQL-schema objects

General SQL-schema object information

QL-schema object has a descriptor. The descriptor of a persistent base table’describes a persistent o
as a separate, though dependent, existence as SQL-data. Other descriptors describe SQL objects that
istence distinct from their descriptors (at least as far as ISO/IEC 9075 is concerned). Hence there ig

Ct.

gs. The name classes are:
Base tables and views.

Domains and user-defined types.

Table constraints, domain constraints, and assertions.
$OL-server modules.

Triggers.

Ire implementation-dependent).
Character sets.

Collations.

Transliterations.

$equence generators.

Certd

bject
have
no

f precision if, for example, the term “assertion” is used when *“assértion descriptor” would be more strictly

schema object has a hame that is unique within the schema among objects of the name class to which it

$QL-invoked routines (specific names only, which are not required to be specified explicitly, but if pot

in-schema objects have named components whose names are required to be unigue within the obje

t to

which they belong. Thus columns are uniguely named components of base tables or views, attributes are uniquely
named components of structured types, and fields are uniquely named components of row types.

Some schema objects may be provided by the SQL-implementation and can neither created nor dropped by a

user.
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4.6 SQL-schema objects

4.6.2 Descriptors relating to character sets

4.6.2.1 Character sets

Char
implé

Whe
for cq

or other entities outside of the SQL-implementation, the character sets also have an encoding, which spe

the b
colle

The ¢
reper

The notation specified in [1SO10646], Subclause 6.5, ""Short identifiers-for code positions (UIDs)", is thq

cano
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4.6.2

A col

A sit
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Ever
Natid
4.6.2

Atrg
string

aracter strrng type as weII asa named character encodr ng form Every character set has a default coII
hcter sets provided by the SQL-implementation, whether defined by other standards or by theSQL-
mentation, are represented in the Information Schema.

h characters are contained entirely within an SQL-implementation, the methods for encading them
Ilecting them into strings are implementation-dependent. When characters are exchanged,with host prog

ts used to represent each character, and a character encoding form, which specifies the scheme use
Ct characters into strings.

haracter repertoire of every character set supported by an SQL-implemientation is some subset of th
toire of the Universal Character Set specified by [ISO10646].

nical representation of characters and character strings in IS@AEC 9075.

OTE 11 — [ISO10646] assigns a range of code points for “private use™, Future editions of [1S010646] are likely to add
hde points, which SQL-implementations are required to support.

.2 Collations

lation is a named operation for ordering-character strings in a particular character repertoire.

p declared with a character string type may be specified as having a collation, which is treated as pa
ta type.

collation shall be defined by or derived from an International Standard such as [I1SO14651] or by
nal Standard, or shall be an implementation-defined collation.

.3 Transliterdtions

nsliteration is a named operation for mapping from a character string of some character set into a cha

of
htion.

hind
rams
Cifies
i to

nore

It of

t=—4

acter

functiomidentified by the name of the transliteration. Since an entire string is passed to this function and a

of/a given, not necessarily distinct, character set. The operation is performed by invocation of an ex;ernal

tring

returned, the mapping is not necessarily from one character to one character, but may be from a sequence of
one or more characters to another sequence of one or more characters.
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4.6 SQL-schema objects

4.6.3 Domains and their components

4.6.3.1 Domains

A do
wher
more

4.6.3

Ado
fore

Dom
Ado

4.6.4

4.6.4

A usq

a dislinct type or a structured type.

4.6.4
A dig
of a d

Ana
contr

b a data type can be specified. A domain consists of a data type, possibly a default option, and zeto
(domain) constraints.

.2 Domain constraints

main constraint applies to every column that is based on that domain, by opefating as a table constr
rch such column.

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

main constraint is applied to any value resulting from a cast operation to the domain.

User-defined types

.1 Introduction to user-defined types

r-defined type is a schema object, identified by a <user-defined type name>. A user-defined type is ¢

.2 Distinct types

tinct type is a user-defined data type that is based on some predefined type or collection type. The V|
istinct type areqrepresented by the values of the type on which it is based.

pl of what.routines can be invoked on arguments of that data type.

laces
or

aint

ither

blues

gument of adistinct type can be passed only to a parameter of the same distinct type. This allows piecise

4.6.

.3 Structured types

A structured type is a named, user-defined data type. An attribute is a named component of a structured type.

Each

attribute of a structured type has a data type and a default value.

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

A structured type may be defined to be a subtype of another structured type, known as its direct supertype. A
subtype inherits every attribute of its direct supertype, and may have additional attributes of its own. An
expression of a subtype may appear anywhere that an expression of any of its supertypes is allowed (this concept
is known as substitutability). Moreover, the value of an expression may be a value of any subtype of the declared
type pf the expression.

One pr more base tables can be created based on a structured type. A base table based on a structured type ST
can [e 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 structuredtype ST can lpe a
subview of a view based on a supertype of ST.

4.6.5 Base tables and their components

4.6.4.1 Base tables

A bapetableis a site that holds a table value (see Subclause 4¢3, Tables”). All SQL-data is held in 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 arg its
supeftables.

4.6.4.2 Columns

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

4.6.4.3 Periods

A pefiod is an object@ssociated with a single base table. A period definition for a given table associates a period
namg with a pair.0f.column names defined for that table. The columns shall both be of a datetime data type
and Known notnullable. Further, the declared types of both columns shall be identical.

4.6.94 ahlo canctrainte
. DA TUNTL UUTTULT CATTTLY

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

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

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

A referential 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 1f, for every row in the referencing table, the values of the referencing columns are equa] to
thosg of the corresponding referenced columns of some row in the referenced table. If null values aré.prgsent,
howsgver, satisfaction of the referential constraint depends on the treatment specified for nulls (known as|the
match type).

Referfential actions may be specified to determine what changes are to be made to the refefencing table if a
change to the referenced table would otherwise cause the referential constraint to be viglated.

A taljle check constraint specifies a search condition. The constraint is violated if the result of the searchf con-
dition is False for any row of the table (but not if it is Unknown).

4.6.4.5 Triggers
A trigger is an object associated with a single base table or a single viewed table. A trigger specifies a sybject
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 evert is
eithef INSERT, DELETE, or UPDATE.

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

A triggered action is either an <SQL procedure statement> or BEGIN ATOMIC, followed by one or mofe
<SQL procedure statement>s terminated-with <semicolon>s, followed by END.

4.6.4 View definitions

A vigw (strictly, a view definition) is a named query, that may for many purposes be used in the same way as
a basp table. Its value\is the result of evaluating the query. See also Subclause 4.3, “Tables”.

4.6.1 Assertions

An assertion is a check constraint. The constraint is violated if the result of the search condition is False (but
not if it is Unknown).

4.6.8 SQL-server modules (defined in [1ISO9075-4])

An SQL-server module is a module that is a schema object. See Subclause 4.9, “Modules”.
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4.6.9 Schema routines

A schema routine is an SQL-invoked routine that is a schema object. See Subclause 4.10, “Routines”.

4.6.10_Sequence generators

A sequence generator is a mechanism for generating successive exact numeric values, one at a time-Aseqlience
generator is either an external sequence generator or an internal sequence generator. An external.sequerce
generator is a named schema object while an internal sequence generator is a component of@another schgma
objeqt. A sequence generator has a data type, which shall be an exact numeric type with s¢ale 0 (zero). A
sequénce generator has a time-varying current base value, which is a value of its data type. Refer to
Subcjause 4.27, “Sequence generators”, in [ISO9075-2] for details.

4.6.11 Privileges

A privilegerepresents a grant, by some grantor, to a specified grantee(which is either an authorization idengifier,
arolg, or PUBLIC), of the authority required to use, or to perform'a specified action on, a specified schema

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

Every possible grantee is authorized by(privileges granted to PUBLIC. SELECT with grant option is granted
to PYBLIC for every schema object.in the Information Schema.

An apithorization identifier who_créates a schema object is automatically granted all possible privileges gn it,
with grant option.

Only|an authorization identifier who has some privilege on a schema object is able to discover its existerjce.

4.7 | Integrity constraints and constraint checking

1 y = : e L L.:
4.7.1—Constraintchecking

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

Table constraints are either enforced or not enforced. Domain constraints and assertions are always enforced.

Every constraint is either deferrable or not deferrable.
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In every SQL-session, every constraint has a constraint mode that is a property of that SQL-session. Each
constraint has a (persistent) default constraint mode, with which the constraint starts each SQL-transaction in
each SQL-session.

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

Wh o tron CT PN P T-T TP-¢ -0~ I 1 20 Betratai-rnaad £ b netraiatt it to o fo 1t
e ra uaricodCuivult 1o THiriratt u, it CUTIotrairit rmioutc Ut Taull Luriotrarit 1o oUL tU 1Tto Ut TAauTilt.

On cpmpletion of execution of every SQL-statement, every enforced constraint is checked whose censtrgint
modg is immediate.

Befofe termination of a transaction, every constraint mode is set to immediate (and thereforé-every enforced
consfraint is checked).

4.7.1 Determinism and constraints

Expression evaluation results may be non-deterministic. For example, in the case of a column whose datg type
is vaffying character string, the value remaining after the elimination of.duplicates may be different on different
occagions, even though the data is the same. This can occur because\the number of trailing spaces may vary

from|one duplicate to another, and the value to be retained, afterthe duplicates have been eliminated, is ot

speciffied by ISO/IEC 9075. Hence, the length of that value is hen-deterministic. In such a case, the expregsion,
and gny expression whose value is derived from it, is said tobe possibly non-deter ministic (“possibly”, begause
it maly be that all SQL-agents that ever update that column.may remove trailing spaces; but this cannot be
known to the SQL-implementation).

Becaluse a constraint that contains a possibly non-deterministic expression might be satisfied at one time} yet
fail af some later time, no constraint is permitted-to contain such an expression.

A roytine may claim to be deterministic;,-ifuit'isn't, then the effect of invoking the routine is implementatjon-
dependent.

4.8 Communicatien between an SQL-agent and an SQL-server

4.8.1 Host languages

A host language is a programming language that can be used to write an SQL-agent. For an SQL-implemenfation
to commitnicate successfully with an SQL-agent, the latter must be written using a host language supportgd by
the SQL-implementation. The set of host languages supported by an SQL -implementation is implementation-
defined. [1SO9075-2], [ISO9075-3], and [ISO9075-10] define bindings 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 one host language for which ISO/IEC 9075 defines a binding.

There are several methods of communicating, known as binding styles.

— The SQL-client module binding style (specified in [ISO9075-2]). In this binding style, the user, using an
implementation-defined mechanism, specifies a module to be used as an SQL-client module.
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— The Call-Level Interface (specified in [ISO9075-3]). 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 [ISO9075-2] and [1SO9075-10]). In this case, SQL-statements are coded into

the application program; an implementation-dependent mechanism is then used to:

together into a module, for subsequent use as an SQL-client module.' In Object Language Bind
described in [1SO9075-10], the roles of modules and procedures are served by classes and their
methods.

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

— Direct invocation of SQL (specified in [ISO9075-2]). Direct invocation is a method of executing SQ
gtatements directly, through a front-end that communicates directly with the\uSef.

No matter what binding style is chosen, SQL-statements are written in an infplementation-defined chara
set, Known as the source language character set. The source language chdracter set is not required to be
same|as the character set of any character string appearing in SQL-data.

[1ISOP075-2] specifies the actions of an externally-invoked procedure'in an SQL-client module when it is g
by a post language program. [1ISO9075-10] specifies the actions.ef a method of an SQL-client class whe
invoKed from a host program.

4.8.4 Parameter passing and data type correspondences

4.8.4.1 General parameter passing and data type correspondence information

Each|parameter in the parameter listof an externally-invoked procedure has a name and a data type. The m

gen-

L-

Ster
the

alled
N it is

cthod

and tjme of binding between arr external routine's reference to a compilation unit and that compilation unit is

implementation-defined.

4.8.4.2 Data type-correspondences

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

ry

4.8.2.3 Locators

A host variable, 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 4.35.5,

“Locators”, in [1SO9075-2] for details.
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4.8.2.4 Status parameters

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

SQLSTATE is a character string of length 5, whose values are defined by the parts of ISO/IEC 9075. An

SQLSTATE value of '00000" (fi\/p 7prnq) indicates that the maost recent invacation of an pyfprnally-in\mk d
procgdure was successful.

4.8.4.5 Indicator parameters

An indicator parameter is an integer parameter that, by being specified immediately/following a parameger

(other than an indicator parameter), is associated with it. A negative value in an indicator parameter indigates
that the associated parameter is null. A value greater than zero indicates what the\length of the value of the
assodiated parameter would have been, had it not been necessary to truncate it~Fhis may arise with a chafacter
string and with certain other data types.

If a null value is to be assigned to a parameter that has no associated.indicator parameter, then an exceptjon
cond|tion is raised.

4.8.3 Descriptor areas

A degcriptor area (not to be confused with a descrigtor) is a named area allocated by the SQL-implementation
at thg request of the SQL-agent. A descriptor areais used for communication between the SQL-implementation
and the SQL-agent. There are SQL-statements for transferring information between the SQL-agent and 4
desciliptor area.

4.8.4 Diagnostic information

A diagnostics area is a communication area allocated by the SQL-implementation in which one or more| con-
ditiofs are recorded as-they arise.

Whenever the SQL<implementation executes an SQL-statement (other than an SQL-diagnostics statement), it
sets Values, representing one or more conditions resulting from that execution, in a diagnostics area. These
valugs give sonie indication of what has happened. They can be accessed by SQL-diagnostics statementy.
Execlition af-an SQL-diagnostics statement does not cause any conditions to be recorded.

A CO hfarmina SOL . imnlamantatian ic nat racunirad tn cat mara than ana canditinan at tha cama tima
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Multiple diagnostics areas can exist when an SQL-statement SSis being executed by an SQL-server. This
happens in certain specific circumstances when execution of SScauses other SQL-statements to be executed,
synchronously, before the execution of SSis 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 SSis or contains a <call statement>
and when execution of SScauses a triggered action to be executed.

26 Framework (SQL/Framework) ©ISO/IEC 2016 — All rights reserved


https://standardsiso.com/api/?name=3a0bf8826ec24ab761de4e959254906e

ISO/IEC 9075-1:2016(E)
4.8 Communication between an SQL-agent and an SQL-server

4.8.5 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.

Ata

ation.

\/ time there js at most ane current QQI -transaction between the QQI -agent andthe QQI -implpmpnf

If thgre is no current SQL-transaction, execution of a transaction-initiating statement or evaluation.of.a
query> will initiate one.

Ever
eithe

An S
of S(
the fi

SQL-transaction is terminated by either a commit statement or a rollback statement. The executio
 of these statements may be implicit.

to, ar) SQL-server, the properties are sent to that SQL-server.

The
mitt

The
SQL

Ever
plete
SER

ransaction access mode of an SQL-transaction indicates whether the-transaction is read-only (is no
to change any persistent SQL-data) or read-write (is permittedto change persistent SQL-data).

ransaction isolation level of an SQL-transaction specifies the@xtent to which the effects of actions
agents in the SQL-environment are perceived within that SQL-transaction.

isolation level guarantees that every SQL-transactionds executed; SQL-transactions not executing

y fail completely. Every isolation level guarantees that no update is lost. The highest isolation levell,
ALIZABLE, guarantees serializable executionzmeaning that the effect of SQL-transactions that oyerlap

Ksub-

n of

QL-transaction has a transaction state. Certain properties of the transaction state are set by the exeqution
L-statements. Such SQL-statements may be executed only when there is no SQIL=“transaction current. On
Fst occasion, at or after a transaction is initiated, that the SQL-client conngetsto, or sets the connection

[ per-

by

com-

in tinpe is the same as the effect they would have had; had they not overlapped in time. The other levels of iso-

latior
lowe

4.9

Ther
objed
Subc

A m(

degrees of isolation.

Modules

p are three kinds of modules, each of which has certain properties and contains various kinds of mo
ts (also known as module contents). The principal module objects are one or more routines (see
ause 4.10, “Routines”).

dule is one'of:the following:
\n SQL=¢lient module, containing only externally invoked procedures.

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

, REPEATABLE READ, READ COMMITIED, and READ UNCOMMITTED, guarantee progresgively

fule
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4.10 Routines

4.10.1 General routine information

Tablg+*Re

various possible combinations of routine written in SQL and written in another language, as well

involked from SQL and routines invoked from another language.

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

or the

as routines

Routines written in SQL

Routines written'in languages
other than SQL

Routines invoked from SQL

SQL functions and SQL proce-
dures

External functions and proce-
dures

Routines invoked from lan-
guages other than SQL

Externally-invoked procedures

(not relevant to SQL)

An FOL-invoked routine is a routine that can be invoked from*SQL. It is either a function or a procedure.

functjons have special properties that characterize them as-methods.

bome

An SQL-invoked routine is either a schema object or asxcomponent of an SQL-server module (itself a schema

objeqt).

An JOL-invoked procedure is a procedure invoked by an SQL call statement. An SQL-invoked function i

invoKed by a routine invocation in some valugexpression.

An external routineis an SQL-invoked routine that references some compilation unit of a specified programming

langyage that is outside the SQL-enviironment. The mechanism and time of binding of such a reference i

impl¢mentation-defined.

An 0L routine is an SQL-inveked routine whose routine body is written in SQL.

The

J

ame of an SQL-invoked routine is not required to be unique. If two or more routines share the same nfame,
that name is said to bevoverloaded, and an invocation of that name will cause execution of the routine w

ose

signgture best matches the arguments of the invocation. Normally, only the declared types of the expressions
denoting the argument values are considered in determining the best match, but in the case of methods,
are invoked using a distinguishing syntax, the most specific type of one of the arguments is taken into cansid-

eratign.

hich

4.10.2 Type preserving functions

If an SQL-invoked function has a parameter that is specified RESULT, that parameter is known as a result
parameter, and if the data type of the result parameter and that of the result are the same user-defined type,
then the function is said to be a type preserving function. The result of a type preserving function is the value
of the result parameter, possibly mutated.

28 Framework (SQL/Framework)

©ISO/IEC 2016 — All rights reserved


https://standardsiso.com/api/?name=3a0bf8826ec24ab761de4e959254906e

ISO/IEC 9075-1:2016(E)
4.10 Routines

Every mutator function is a type preserving function.

411 SQL-statements

4.11]1 Classes of SQL-statements

An SQRL-statement is a string of characters that conforms to the Format and Syntax Rules specified in onje of

the parts of ISO/IEC 9075.

Most SQL-statements can be prepared for execution and executed in an SQL-client module. In this case,an
exterpally-invoked procedure with a single SQL-statement is created when the SQL-statement is preparefl and

that gxternally-invoked procedure is implicitly called whenever the prepared SQL-Statement is executed.

Therg are at least five ways of classifying SQL-statements:

A\ccording to their effect on SQL objects, whether persistent objects(i.e., SQL-data, SQL-schemas and
heir contents, or SQL-client modules) or temporary objects (suehdas SQL-sessions and other SQL-gtate-
ents).

A\ccording to whether or not they initiate an SQL-transaction, or can, or shall, be executed when no 5QL-
fransaction is active.

A\ccording to whether or not they may be embedded ih a program written in a host language.
A\ccording to whether or not they may be directly executed.

\ccording to whether or not they may be dynamically prepared and executed.

ISO/|EC 9075 permits implementationstQ-provide additional, implementation-defined, statements that may

fall into any of these categories.

4.11{2 SQL-statements(Classified by function

The following are the"broad classes of SQL-statements:

$OL-schemastatements that can be used to create, alter, and drop schemas and schema objects.

$QL-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.

DLOYY _trancantinn ctatnmante that cnt naramatare far anA
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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 to switch
from an SQL-session with one SQL-server to an SQL-session with another.

SQL-session statements that set some default values and other parameters of an SQL-session.
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— SQL-diagnostics statements that get diagnostics (from the diagnostics area) and signal exceptions in SQL
routines.

— SQL-dynamic statements that support the preparation and execution of dynamically-generated SQL-
statements, and obtaining information about them.
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5 The parts of ISO/IEC 9075
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5.2

Overview

part of ISO/IEC 9075, Framework, is a prerequisite for all other parts, because it describes the basic cor
hich other parts are based and the notation used in them.

D075-2], Foundation, specifies the structure of SQL-statements and the effects of executing them.

part of ISO/IEC 9075 other than parts 1 and 2 is specified as an amendmentto’ other parts of 1SO/
See Subclause 6.3.5, “Relationships of parts within ISO/IEC 9075”, for détails.

D075-3], Call-level interface, specifies another mechanism of communication between an SQL-agen
DL -implementation.

D075-4], Persistent Stored Modules, specifies significant additions to SQL itself by making SQL co
ally complete.

D075-9], Management of External Data, specifies significant additions to SQL that permit an SQL-2
Cess data not under the control of SQL-servers in theSQL-environment.

D075-10], Object Language Bindings, specifiesthe manner in which SQL statements can be embed
ava programs.

s of persistent database objects, such-as'tables, views, columns, etc.

D075-13], SQL Routines and Types Using the Java™ Programming Language, specifies the ability
e static methods written in the-Java programming language as SQL-invoked routines and to use cla
bd in the Java programming.language as SQL structured types.

D075-14], XML-Relatéd)Specifications, defines ways in which Database Language SQL can be use
nction with XML,

ontent of each,part is described in the following subclauses.

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

cepts

EC

t and

mpu-

gent

led

D075-11], Information and Definition Schemas, specifies views by which an application may learn the

0
5SES

] in

This

part of ISO/IEC 9075 contains:

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

— A brief description of the content of each part. These descriptions are purely informative, and do not con-
stitute requirements.

— Notations and conventions that apply to all or most parts of ISO/IEC 9075. Other parts specify further
conventions as required.
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5.3 ISO/IEC 9075-2: Foundation (SQL/Foundation)

[1ISO9075-2] specifies the following features of SQL.

5.3.1—9&6—%@5—5&%&%@9@7—5ﬂ7
The following data types are specified in [ISO9075-2]:

— Al numeric and string types.
— The Boolean type.

— Al datetime and interval types.
— Row types.

— Collection types.

— WUser-defined types.

— [Domains.

— Reference types.

5.3.4 Tables

Rules for determining functional dependenciés and candidate keys of tables are defined.

5.3.3 Bindings methods

[1ISOR075-2] specifies threg methods of binding an SQL-agent to an SQL-implementation.

5.3.3.1 Embedded SQL

EmbgddediSQL is a method of embedding SQL-statements in a compilation unit that is otherwise written
acco dmg to the rules for a partlcular programming Ianguage known as the host Ianguage It deflnes how an

: 2 unit,
each embedded SQL statement has been replaced by one or more statements that invoke a database Ianguage
procedure that contains the SQL-statement.

5.3.3.2 Dynamic SQL

Dynamic SQL is an extension of Embedded SQL. Facilities are specified to:
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5.3 ISO/IEC 9075-2: Foundation (SQL/Foundation)

— Allocate and free a descriptor area used for communication between the SQL-implementation and the
SQL-agent.

— Cause the execution of SQL-statements, including the preparation of statements for subsequent execution.

5.3.3

Direq
follo

5.34

2 | 4 L F - £ QM1
O UITULL TTIVULAUIUTT UT O\JL-

t invocation of SQL is a method of executing SQL-statements directly. In direct invocation of SQL
ving are implementation-defined:

The method of invoking SQL-statements.

The method of raising conditions that result from the execution of such statemepts.

The method of returning the results.

SQL-statements specified in [1SO9075-2]

The

ollowing are the classes of SQL-statements specified in [ISO9075-2]:

QL-schema statements, which can be used to create; alter, and drop schemas and the schema objeqts

pecified in [ISO9075-2].

QL-data statements, which can be used toperform queries, and insert, update and delete operation

the

The method of accessing the diagnostics information that results from the execution of such statemqnts.

5 0N

bles. Some SQL-data statements contain the word “dynamic” in their names; they are not to be confused

ith SQL-dynamic statements.
QL-transaction statements, which ¢an be used to set properties of, and initiate or terminate transac

wo SQL-control statement((CALL and RETURN), which can be used to invoke a procedure and tq
pecify a value to be returned by a function, respectively.

ions.

QL-connection statéments, which can be used to initiate and terminate connections, and allow an $QL-

lient to switch fram'an SQL-session with one SQL-server to an SQL-session with another.

QL-session statéments, which can be used to set some default values and other properties of an SQL-

ession.
QL-diagnostics statements, which get diagnostic information (from the diagnostics area).

Qb-dynamic statements, which support the preparation and execution of dynamically generated S

statements, and obtaining information about them.

— SQL embedded exception declaration, which is converted to a statement in the host language.

For each SQL-statement that it defines, [1SO9075-2] specifies which SQL-statements will, if executed when
no transaction is active, initiate a transaction and which will not.

Fore

ach SQL-statement, [ISO9075-2] specifies whether:

— It may be embedded in a host language.

©ISO/IEC 2016 — All rights reserved
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5.3

5.4

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

It may be dynamically prepared and executed. Any preparable SQL-statement can be executed immediately,
with the exception of those that fetch data into a descriptor area.

It may be executed directly.

1ol o2 Aol i 11 £ (eI 1
TOUIMTLC JUTO=o. Ldll LEVET TTItET Talt (O\WJL/CLT)

[1ISOP075-3] specifies a method of binding between a program, written in one of a number of preagramming
langyages, and an SQL-implementation. The effect is functionally equivalent to dynamic SQL, specified|in

[1S0p075-2].

Procgdures (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 subsequent exectition.
Dbtain diagnostic information.

Dbtain information about the SQL-implementation, for example, the SQL-servers to which the SQL-tlient
fmay be able to connect.

An important difference between CLI and Bindings is that,in the context of the latter, there is only one $QL-

envi

independently. Consequently, although an SQL-environment is defined to be simply a set of circumstanges

ronment, whereas, in the context of CLI, a number.of SQL-environments can be initiated and managed

with parious features, the term is used in CLI to refer to the current state (descriptor) of one SQL-environment,
possiply among many. Thus, the term is used to-mean the session between an application (SQL-agent) and an
SQLclient (not to be confused with the SQLrsession — referred to in CLI as the SQL-connection — between

SQLclient and SQL-server).

9.5

ISO/IEC 9075-4:Persistent Stored Modules (SQL/PSM)

[1ISOP075-4] makes SQk,computationally complete by specifying the syntax and semantics of additional QL-

statements.

Thosg include fagilities for:

34

he specification of statements to direct the flow of control.

hesassignment of the result of expressions to variables and parameters.

The specification of condition handlers that allow compound statements to deal with various conditions
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.
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It also defines Information Schema tables that contain schema information describing SQL-server modules.

5.5.1 SQL-statements specified in [I1SO9075-4]

The

nllnwing are the broad classes of SQI -statements qpprifipd in [IQOQ(WR-A]'

5.6

[ISO
throu

Thes
—
— |
—

and

Additional SQL-control statements, which may be used to control the execution of an SQL routine:

$QL-control declarations, which may be used to declare variables and exception handlers.

A\dditional SQL-diagnostics statements, which may be used to signal exceptions.

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

ISO/IEC 9075-9: Management of External Data (SQL/MED)

gh the use of foreign tables and datalink data types.
 include facilities for defining:

Foreign servers.

Foreign-data wrappers.

Foreign tables.

putines that can be used by an SQL-server to communicate with a foreign-data wrapper to interact

an exXternal data source.

5.7

[1SO

5.8

[1SO

ISO/IEC 9075-10:Object Language Bindings (SQL/OLB)

D075-10] defines facilities for the embedding of SQL statements in Java programs.

D075-11], Information and Definition Schemas, specifies two schemas, the Information Schema

D075-9] defines facilities that allow Database Language SQL to-sdpport management of external dafa

ISOAEC 9075-11: Information and Definition Schemas (SQL/Schematg)

vith

(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 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.

©ISO/
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5.9

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

[1SO9075-13] defines facilities that allow Database Language SQL to enable invocations of static methods
written in the Java programming language as SQL-invoked routines, and to use classes defined in the Java
programming language as SQL structured types.

Thes
—
—
— 1

5.1d
[ISO
XML
Thes
—
—

P 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.

ISO/IEC 9075-14: XML-Related Specifications (SQL/XML)
D075-14] defines facilities that allow Database Language SQL to‘enable creation and manipulation pf
documents.
P 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 catalogs to XML documents.
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6.1 Notation taken from [1SO10646]

6 Notation and conventions used in other parts of ISO/IEC 9075

The fotation and conventions defined in this clause are used In the other parts of 1SO/TET 9075 excepr |
morejappropriate ones are defined locally.

6.1

Then

Inth
toim

6.2

The s
Naur

Inaf
is def
chard

In th{

Notation taken from [1SO10646]

s International Standard, this notation is used only to unambiguously identify characters and is not
ply a specific encoding for any implementation's use of that charactet:

Notation provided in this International Standard

ined by means of a production rule. This defines the element in terms of a formula consisting of thg
cters, character strings, and syntactic elements that can be used to form an instance of it.

 version of BNF used in ISO/IEC 9075, the following symbols have the meanings shown:

Table 2 — Symbols used in BNF

here

otation for the representation of UCS code points is defined in [ISO10646], Subelause 6.5, "Short identjifiers
for characters”.

neant

yntactic notation used in ISO/IEC 9075 is an extended:version of BNF (“Backus Normal Form” or “Backus
Form”).
BNF language definition, each syntactic element, known as a BNF nonterminal symbol, of the langy

age

Meaning

A character striig’enclosed in angle brackets is the name of a syntactic element (BNF nonterming
the SQL language.

1) of

The definition operator is used in a production rule to separate the element defined by the rule fro
definition. The element being defined appears to the left of the operator and the formula that defin
element appears to the right.

m its
es the

may be explicitly specified or may be omitted.

Square brackets indicate optional elements in a formula. The portion of the formula within the brackets

{}

specified.

Braces group elements in a formula. The portion of the formula within the braces shall be explicitly

©ISO/
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S

Meaning

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 a position where it is not enclosed
in braces or square brackets, it specifies a complete alternative for the element defined by the production
rule. If the vertical bar appears in a portion of a formula enclosed in braces or square brackets, it specifies
attermativesforthecontentsof themmermostpairof suchbracesor brackets:

The ellipsis indicates that the element to which it applies in a formula may be repeated any. iumbegr 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 corresponding opening brace “{”.Af"an ellipsis
appears after any other element, then it applies only to that element. In Syntax Rules, Access Rulgs,
General Rules, and Conformance Rules, a reference to the n-th element in such alist assumes the|order
in which these are specified, unless otherwise stated.

Introduces normal English text. This is used when the definition of a syntactic element is not expllessed
in BNF.

Spac
Apar|
inaf
cons

mear|ing.

Pairs
depth

A ch
of th
1)

2)
3)

4)

5)

s are used to separate syntactic elements. Multiple spaces and liné breaks are treated as a single space.

| from those symbols to which special functions were given above, other characters and character strings
prmula stand for themselves. In addition, if the symbols to theright of the definition operator in a prodyction
st entirely of BNF symbols, then those symbols stand forthemselves and do not take on their specigl

of braces and square brackets may be nested to any depth, and the alternative operator may appear gt any
within such a nest.

hracter string that forms an instance of any.syntactic element may be generated from the BNF definjtion
it syntactic element by application of the-following steps:

belect any one option from those defined in the right hand side of a production rule for the element,|and
eplace the element with this option.

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

or every portion of the string enclosed in square brackets, either delete the brackets and their contepts or
hange the brackets\{o-braces.

or every portion,of the string enclosed in braces, apply step 1) through step 5) to the substring between
he braces, theh remove the braces.

pply steps step 1) through step 5) to any BNF non-terminal symbol that remains in the string.

The gxpansion or production is complete when no further non-terminal symbols remain in the character sfring.

Thel
termi
BNF

eft normal form derivation of a character string CSin the source language character set from a BNF non-
nal NT is obtained by applying step 1) through step 5) above to NT, always selecting in step 5) the leftmost
nonterminal.
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The

symHols defined in Syntax Rules, Access Rules, or'\General Rules can be referenced in other rules provig

that

6.3.4 Specification of the Information and Definition Schemata

The

ISO/IEC 9075-1:2016(E)
6.3 Conventions

Conventions

1 Specification of syntactic elements

unction: A short statement of the purpose of the element.
ormat: A BNF definition of the syntax of the element.

yntax Rules: A specification in English of the syntactic properties of the element, or ‘of-additional
ctic constraints, not expressed in BNF, that the element shall satisfy, or both.

A\ccess Rules: A specification in English of rules governing the accessibility of schema objects that
old before the General Rules may be successfully applied.

Seneral Rules: A specification in English of the run-time effect of the‘element. Where more than o
Seneral Rule is used to specify the effect of an element, the required effect is that which would be obt]
y beginning with the first General Rule and applying the Rules ifvnumeric sequence unless a Rule
ipplied that specifies or implies a change in sequence or termingtion of the application of the Rules. U

vhen the last in the sequence has been applied.

gcope of notational symbols is the Subclause in which those symbols are defined. Within a Subclaus

they are defined before being referenced.

bjects of the Information.and Definition Schemata in ISO/IEC 9075 are specified in terms of:
unction: A short statement of the purpose of the definition.
efinition: A definition, in SQL, of the object being defined.

escriptiontA specification of the run-time value of the object, to the extent that this is not clear fr
he definition.

able Population: A specification of the rows of the base table that an implementation must provid
re-not specified in the General Rules of other Subclauses.

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

syn-

shall

he
pined
S

nless

therwise specified or implied by a specific Rule that is applied, application of General Rules termimates

P, the
ed

b that

Conformance Rules: A specification of how the element shall be supported for conformance to SQ

L.

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.
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6.3 Conventions

6.3.3 Use of terms

6.3.3.1 Syntactic containment

Let (As’ (Rs’ and <C> he c\]mf:\r\fir\ nlnmnnfc; let A1’ R1, and C1 rncpnr\fi\/nl\/ he instances aof (As, <B>

<C>.

InaR

rule for <A>. An <A> is said to contain or specify <C> if <A> immediately contains <C> or if <A> immed

contg

In Sq
text d
and B

Alis
<C>
Ald

Als
<B>.

Aldi
ificat
If an
be a

<B>
<B>.

Alis
that g
anin
Let

Case

If <A

then the original <query expression> of V.

ormat, <A> is said to immediately contain <B> if <B> appears on the right-hand side of the BNF prodt

ins a <B> that contains <C>.

L language, Al is said to immediately contain B1 if <A> immediately contains <B>and B1 is part
f Al. Alis said to contain or specify C1 if AL immediately contains C1 or if Allimmediately contai
81 contains C1. If Al contains C1, then C1 is contained in Al and C1 is spegified by Al.

said to contain B1 with an intervening instance of <C> if Al contains Bl,and Al contains an instarn
that contains B1. Al is said to contain B1 without an intervening instance of <C> if Al contains B1
bes not contain an instance of <C> that contains B1.

mply contains B1 if Al contains B1 without an intervening instance of <A> or an intervening instar
If A1 simply contains B1, then B1 is simply contained in Al.

rectly contains B1 if Al contains B1 without an intervening instance of <subquery>, <within group
on>, or <set function specification> that is not an <erdered set function>.

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

the innermost <A> satisfying a condition C if Al satisfies C and Al does not contain an instance of
atisfies C. Al is the outermost <A> satisfying a condition C if Al satisfies C and Al is not containe
stance of <A> that satisfies €.

N be a <table name> that'identifies a view. The <query expression> referenced by VN is

f VN is simply-Contained in an <only spec>, a <target table> that specifies ONLY, or an <insertion tar

Dtherwise, the hierarchical <query expression> of V.

>.contains a <table name> VN that identifies a view, then <A> is said to generally contain the <qug

, and

ction
ately

f the
s B1

ce of
and

ce of

Spec-

hid to
hen
for

<A>
d in

get>,

ry

expre

sstan> referenced hy VN_If <A> contains a <query name> that identifies a <query lenrpqqinn> QE

then

<A> is said to generally contain QE. If <A> is a <column reference> that is a column reference, there is an
implicit or explicit range variable RV qualifying that column reference. If RV is a <table name> VN that identifies
a view, then <A> is said to generally contain the <query expression> referenced by VN. If RV is a <query
name> that identifies a <query expression> QE, then <A> is said to generally contain QE. If <A> contains
<B>, then <A> generally contains <B>. If <A> generally contains <B> and <B> generally contains <C>, then

<A>
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If <A> contains a <routine invocation>, <method invocation>, <static method invocation>, or <method refer-
ence>, then <A> is said to broadly contain the <SQL routine body> of all SQL routines in the set of subject
routines of RI. If <A> generally contains <B>, then <A> broadly contains <B>. If <A> broadly contains <B>
and <B> broadly contains <C>, then <A> broadly contains <C>.

NOTE 12 — The “set of subject routines of a <routine invocation>" is defined in Subclause 10.4, “<routine invocation>", in
[1ISO9075-2].

NOTE I3 — Broad containment IS only USEd t0 SPeCITy optional Teatures, such as implementation-aeTined elements or conforfnance
Heatures.

In a Format, the verb “to be” (including all its grammatical variants, such as “is”) is defined as fgllows: $A>

is saifd to be <B> if there exists a BNF production rule of the form <A> ::= <B>. If <A>is <B>and <B>is
<C>|then <A> is <C>. If <A> is <C>, then <C> is said to constitute <A>. In SQL language Al is said {o be
B1if{<A> is <B> and the text of Al is the text of B1. Conversely, B1 is said to constitute Al if Al is B1.

6.3.3.2 Terms denoting rule requirements

In the¢ Syntax Rules, the term shall defines conditions that are required tobe true of syntactically conforing

SQL |language. When such conditions depend on the contents of one-af. more schemas, they are required|to be
true just before the actions specified by the General Rules are perforived. The treatment of language that|does
not cpnform to the SQL Formats and Syntax Rules is implementation-dependent. If any condition requirgd by
Syntgx Rules is not satisfied when the evaluation of Access or General Rules is attempted and the implemengation
is neither processing non-conforming SQL language nor pracessing conforming SQL language in a non{con-

form|ng manner, then an exception condition is raised: syAtax error or access rule violation.

In the Access Rules, the term shall defines conditions-that are required to be satisfied for the successful dppli-
catiop 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.

In th¢ Conformance Rules, the term shalt defines conditions that are required to be true if the named Fegture
or Fetures are not required to be supported.

6.3.3.3 Rule evaluationorder

A copforming implementation is not required to perform the exact sequence of actions defined in the General
Rule$, provided its.effect on SQL-data and schemas, on host parameters and host variable, and on SQL
pararpeters and-SQL variables is identical to the effect of that sequence. The term effectively is used to
emphasize actions whose effect might be achieved in other ways by an implementation.

The $yntax’Rules and Access Rules for contained syntactic elements are effectively applied at the same fime
as the_ Syntax Rules and Access Rules for the containing syntactic elements. The General Rules for contained
syntactic elements are effectively applied before the General Rules for the containing syntactic elements.

Where the precedence of operators is determined by the Formats of ISO/IEC 9075 or by parentheses, those
operators are effectively applied in the order specified by that precedence.

Where the precedence is not determined by the Formats or by parentheses, effective evaluation of expressions
is generally performed from left to right. However, it is implementation-dependent whether expressions are
actually evaluated left to right, particularly when operands or operators might cause conditions to be raised or
if the results of the expressions can be determined without completely evaluating all parts of the expression.

©ISO/IEC 2016 — All rights reserved Notation and conventions used in other parts of ISO/IEC 9075 41


https://standardsiso.com/api/?name=3a0bf8826ec24ab761de4e959254906e

ISO/IEC 9075-1:2016(E)
6.3 Conventions

In general, if some syntactic element contains more than one other syntactic element, then the General Rules
for contained elements that appear earlier in the production for the containing syntactic element are applied
before the General Rules for contained elements that appear later.

For e

<A> .

xample, in the production:

Co

<B;

<B>

<C

the S
Rule
the G

N

S
€|

If the
or se
of an
bein

terministic or possibly modifies SQL-data is considered,to be essential or inessential.

If an

ation
whet

Durifg the computation of the result of.an expression, the SQL-implementation may produce one or mo
mediate results that are used-if.determining that result. The declared type of a site that contains an inter-

inter
medi

A)

6.3.3

A co
inclu
true i

yntax Rules and Access Rules for <A>, <B>, and <C> are effectively applied simultaneously. The Gg
for <B> are applied before the General Rules for <C>, and the General Rules fer <A> are applied
eneral Rules for both <B> and <C>.

OTE 14 — There are exceptions to this practice. For example, in [ISO9075-2], Subclatse 13.4, “<SQL procedure statem

atement (e.g., an <insert statement>) are invoked only when a General Rule in Subiclause 13.4, “<SQL procedure statem¢
Kplicitly states that the General Rules of the contained statement are to be evaltated.

result of an expression or search condition is not dependent‘an the result of some part of that expre
irch condition, then that part of the expression or search condition is said to be inessential. An invod
SQL-invoked function that is deterministic and that dogs*not possibly modify SQL-data is conside
bssential. It is implementation-defined whether an inyecation of an SQL-invoked function that is ng

of an inessential part would cause an exception condition to be raised, then it is implementation-depe
ner or not that exception condition is.raised.

bte result is implementation=dependent.

.4 Conditional-rules

nditional €ule is specified with “If” or “Case” conventions. A rule specified with “Case” convention
fes a list-of conditional subrules using “If” conventions. The first such “If” subrule whose conditiof
5 the effective subrule of the “Case” rule. The last subrule of a “Case” rule may specify “Otherwise

whic

N ease it is the effective subrule of the “Case” rule if no preceding “If” subrule in the “Case” rule is sati

neral
after

ent>",

illustrates one kind of exception to this general rule for General Rules. In that Subclausefthe‘General Rules of the particular corjtained

nt>",

ssion
ation
ed to
nde-

Access Rule pertaining to an inessential part is\not satisfied, then the syntax error or accessrule violation
exception condition is raised regardless of whether or not the inessential parts are actually evaluated. If ¢

valu-
ndent

€

is
" in
sfied.

If the Tast subrule does not specify “Otherwise™, and if there is no subrule whose condition is true, then there

is no
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effective subrule of the “Case” rule.
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6.3.3.5 Syntactic substitution

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

In the Qyn'ray and General Rules_the Ir‘\hm'zp “the fnlln\/\ling <A> |s implirif' Y indicates that the Qynfm( and
Gengral Rules are to be interpreted as if a syntactic element <A> containing Y had actually been specifigd.

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

If a BNF nonterminal is referenced in a Subclause without specifying how it is containedyin a BNF prodyction
that the Subclause defines, then

Case

— If the BNF nonterminal is itself defined in the Subclause, then the reference shall be assumed to be {o the
gccurrence of that BNF nonterminal on the left side of the defining production.

— Otherwise, the reference shall be assumed to be to a BNF production in which the particular BNF ngnter-
minal is immediately contained.

6.3.3.6 Other terms

Somé¢ Syntax Rules define terms, such as T1, to denote named or unnamed tables. Such terms are used as|table
namgs or correlation names. Where such a term.is used as a correlation name, it does not imply that any jnew

correlation name is actually defined for the denoted table, nor does it affect the scopes of any actual correlation
namgs.

An SPL-statement Sl is said to be.executed as a direct result of the execution an SQL-statement 2 if 2 is a
<call|statement> CSand Sl is thé Qutermost SQL-statement contained in the SQL-invoked routine that i§ the
subject routine of the <routinelinvocation> contained in CS

An SRL-statement Sl is saidto be executed as an indirect result of executing an SQL-statement S2 if Sl is
execTted in a trigger execution context that has been activated by the execution of .

A value P is part 6f‘avalue Wif and only if:

— Wis atableaand P is a row of W.

— Wis@fow and P is a field of W.

AL Heoat: A = 1  oL\AS
i VIS da LUTICLLIUIT al'lu ™ 15 dlT TITITITTIU UT VV.

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

If a value has parts, then it follows that an instance of that value has parts; hence the site it occupies has parts,
each of which is also a site.

An item Xispart of an item Y if and only if:

— Yisarow and Xis a column of Y.

©ISO/IEC 2016 — All rights reserved Notation and conventions used in other parts of ISO/IEC 9075 43


https://standardsiso.com/api/?name=3a0bf8826ec24ab761de4e959254906e

1SO/I

EC 9075-1:2016(E)

6.3 Conventions

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

— Yis a user-defined type instance 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 ISO/IEC 9075 may define additional terms that are used in that part only.

6.3.3

.7 Exceptions

Except where otherwise specified, the phrase “an exception condition is raised:”, followedby’the name ¢f a

cond

The effect on any assignment target and SQL descriptor area of\an SQL-statement that terminates with g
exception condition, unless explicitly defined by ISO/IEC 9075, is implementation-dependent.

The phrase “a completion condition is raised”, followed by a colon and the name of a condition, is used
Gengral Rules and elsewhere to indicate that application of General Rules is not terminated and diagnos
information is to be made available; unless an exception condition is also raised, the execution of the SQ
statefnent is successful.

If ma
whet
“Stat

6.3.3

The ¢
notec

The execution of a statement is unsuccessful.

The application of the General Rules of Subclauses not specified in Subclagse 6.3.3.8, “General Rulg

$ubclause.9.40, “Casting an SQL/JISON sequence to an SQL type”, in [1ISO9075-2].
$ubclause 9.40, “Casting an SQL/JSON sequence to an SQL type”, in [1ISO9075-2].

tion, is used in General Rules and elsewhere to indicate that:

rminated on exception conditions”, may be terminated.
iagnostic information is to be made available.

xecution of the statement is to have no effect on SQL-data orschemas.

re than one condition could have occurred as a result of a statement, it is implementation-dependen
ner diagnostic information pertainingto more than one condition is made available. See Subclause 4
IS parameters”, in [1SO9075-2], for rules regarding precedence of status parameter values.

.8 General Rules-not terminated on exception conditions

, are not terminated where an exception condition is raised:

S not

n
ic
L-

35.2,

beneral Rules ofithe following Subclauses, some of which save and restore context, except where explicitly

ubclause 10.4, “<routine invocation>", in [ISO90/5-2].

— Subclause 13.4, “<SQL procedure statement>", in [ISO9075-2].
— Subclause 15.19, “Execution of triggers”, in [ISO9075-2].

— Subclause 22.1, “<direct SQL statement>", in [ISO9075-2].

— Subclause 15.1, “<compound statement>", in [ISO9075-4].
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— Subclause 8.1, “Handler execution”, in [ISO9075-4].

6.3.4 Descriptors

Ade cept
of depcriptor is used in spemfylng the semantics of SQL. It is not necessary that any descriptor exist if-ahy
parti¢ular form in any SQL-environment.

Somg¢ SQL objects cannot exist except in the context of other SQL objects. For example, columns-Cannof exist
except within the context of tables. Each such object is independently described by its own,descriptor, arjd the
desciliptor of an enabling object (e.g., table) is said to include the descriptor of each enabled-object (e.g., cdlumn
or talple constraint). Conversely, the descriptor of an enabled object is said to be includedin the descriptqr of

an enabling object. The descriptor of some object A generally includes the descriptor.of some object C if the

desciliptor of A includes the descriptor of some object B and the descriptor of B genecally includes the descfiptor
of C.

In other cases, certain SQL objects cannot exist unless some other SQL object exists, even though there |s no
inclugion relationship. For example, SQL does not permit an assertionrto exist if some table referenced hy the
asserfion does not exist. Therefore, an assertion descriptor is dependent on or depends on one or more taple
desciliptors (equivalently, an assertion is dependent on or depends'on one or more tables). In general, a
desciliptor D1 can be said to depend on, or to be dependent on, some descriptor D2.

The gescriptor of some object A generally depends on or.is\generally dependent on the descriptor of sonje
objedt C 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 gxecution of an SQL-statement may result in-the creation of many descriptors. An SQL object that is created
as a rpsult of an SQL-statement may depend on other descriptors that are only created as a result of the exedution
of that SQL statement.

OTE 15 — This is particularly relevant jn‘the case of the <schema definition> SQL-statement. A <schema definition> may, for
ekample, contain many <table definition>s that in turn contain <table constraint>s. A single <table constraint> in one <tablg defi-
njtion> may reference a second table.being created by a separate <table definition> which itself may contain a reference td the

first table. The dependencies of each-table on the descriptors of the other are valid provided that all necessary descriptors are qreated
dpring the execution of the complete <schema definition>.

Therg are two ways of indicating dependency of one SQL object on another. In many cases, the descriptor of
the dependent SQL object'is said to “include the name of” the SQL object on which it is dependent. In thig case
“the pame of” is to be'uhderstood as meaning “sufficient information to identify the descriptor of”. Alternatjvely,
the descriptor of the dependent SQL object may be said to include text (e.g., <query expression>, <seargh
cond|tion>) of\the SQL object on which it is dependent. However, in such cases, whether the implementgtion
inclupes actual text (with defaults and implications made explicit) or its own style of parse tree is irrelevant;
the validity 'of the descriptor is clearly “dependent on” the existence of descriptors of objects that are refer¢nced
init.

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 16 — 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.
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The statement that a column “is based on” a domain, is equivalent to a statement that a column “is dependent
on” that domain.

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 il’nplementation of some SQL objects described by descriptors requires the existence of objects not,spegified
by this International Standard. Where such objects are required, they are effectively created whenever th
assodiated descriptor is created and effectively destroyed whenever the associated descriptor is,destroyed.

D

6.3.9 Relationships of parts within ISO/IEC 9075

Parts|of ISO/IEC 9075 other than this part of ISO/IEC 9075 and [ISO9075-2] depend on [1ISO9075-1] and
[ISOP0O75-2] and its Technical Corrigenda and are referenced as incremental“parts. Each incremental paft is

to belused as though it were merged with the text of ISO/IEC 9075. This Subclause describes the convertions
used fto specify the merger.

The tnerger described also accounts for the Technical Corrigenda that’have been published to correct ISQ/IEC
9075| This accommodation is typically indicated by the presenceof a phrase like “in the Technical Corrigg¢nda”
or “ip the TC”.

6.3.5.1 New and modified Clauses, Subclauses, and Annexes

Where a Clause (other than Clause 1, “Scope”; and Clause 2, “Normative references”), Subclause, or Annex

in any incremental part of ISO/IEC 9075 Has a name identical to a Clause, Subclause, or Annex in [1ISO9075-
2], [1p0O9075-3], [1SO9075-4], or [1SO9675-11], unless the incremental part is itself [ISO9075-3], [1SO9075-
4], ol [ISO9075-11], it supplements the'Clause, Subclause, or Annex, respectively, in [ISO9075-2], [ISO9075-
3], [1B0O9075-4], or [ISO9075-11T,)regardless of whether or not the number or letter of the Clause, Subclause,
or Annex corresponds. It typically does so by adding or replacing paragraphs, Format items, Tables, Figdres,

Rules, or Notes.

In eagh incremental paft;the relationships between each Clause, Subclause, and Annex in that incrementgl part
and the correspondifg, Clause, Subclause, or Annex in [1ISO9075-2] and/or [1SO9075-3] and/or [1SO907p-4]
and/qr [1SO9075-11] are shown by:

— In the incremental part: A statement of the form “This Object modifies Object nn.nn, “xxxxx’, in ISY/IEC
075-n immediately follows the Object title.

bject
is modlfled by Object mm.mmm, yyyyy in ISO/IEC 9075-m.” immedlately foIIows the Object title.

— The Object can be a Clause, a Subclause, or an Annex.

Where a Clause, Subclause, or Annex in an incremental part has a name that is not identical to the name of
some Clause, Subclause, or Annex in [1SO9075-2] and/or [1SO9075-3] and/or [ISO9075-4] and/or [1ISO9075-
11], it provides language specification particular to that incremental part. A Subclause that is part of a Clause
or Subclause identified as new is inherently new and is not marked.
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The Clauses, Subclauses, and Annexes in each incremental part appear in the order in which they are intended
to appear in the merged document. In the absence of other explicit instructions regarding its placement, any

new Clause, Subclause, or Annex is to be positioned as follows: Locate the prior Clause, Subclause, or Annex
in [1ISO9075-2] and/or [ISO9075-3] and/or [1SO9075-4] and/or [ISO9075-11] whose name is identical to the
name of a corresponding Clause, Subclause, or Annex that appears in the incremental part of ISO/IEC 9075.

The new Clause, Subclause orAnnex shall |mmed|ately follow that Clause Subclause or Annex. If there are
multiple ne difies
an existing Clause Subclause or Annex, then those new Clauses, Subclauses orAnnexes appear in orddr
folloyving the prior Clause, Subclause, or Annex whose name was matched.

When an incremental part performs a modification to a Clause, Subclause, or Annex in [ISO9075-3] andfor
[1ISOP0O75-4] and/or [ISO9075-11], then the modifications are applied in the following sequénce:

1) Al modifications to [ISO9075-3] from the incremental part.
2) Al modifications to [1ISO9075-4] from the incremental part.
3) Al modifications to [ISO9075-11] from the incremental part.

4) Al modifications to [ISO9075-2] from [ISO9075-11], (including all modifications that were added,|aug-
mented, or replaced as a result of step 3)).

5) Al modifications to [ISO9075-2] from [1SO9075-3], (including-all modifications that were added, qug-
mented, or replaced as a result of step 1)).

6) Al modifications to [ISO9075-2] from [1SO9075-4], (including all modifications that were added, qug-
imented, or replaced as a result of step 2)).

7) Al modifications to [1SO9075-2] from the incremental part. Note that modifications in this final step[may
qugment or replace modifications applied as a-result of step 4), step 5), and step 6).

Modifications to one or more of [1ISO9075-2],{1S09075-3], [1SO9075-4], and [1SO9075-11] by more thah one
incremental part do not interact. The modifications made by an incremental part only have influence on the
langyage specification of that part and those specifications are not influenced by modifications made by any
other{incremental part.

6.3.9.2 New and modified tables and figures

Whefe a Table in any~incremental part of ISO/IEC 9075 has a name identical to a Table in [ISO9075-2],
[ISOP075-3], [1ISO9075-4], or [ISO9075-11], unless the incremental part is itself [ISO9075-3], [ISO907p-4],
or [1$09075-11], it supplements the Table in [ISO9075-2], [ISO9075-3], [1SO9075-4], or [ISO9075-11]
regardless ef:whether or not the number of the Table corresponds.

The owsin tables in the incremental part are generally new rows to be effectively inserted into the correspopding
table, Though inrare cases a row already In a table is effectively replaced by a row in the table in the incremental
part. Such replacement is required wherever the value in the first column of the corresponding table is the same.

Where a Figure in any incremental part of ISO/IEC 9075 has a name identical to a Figure in [ISO9075-2],
[1ISO9075-3], [1SO9075-4], or [ISO9075-11], unless the incremental part is itself [1ISO9075-3], [ISO9075-4],
or [1SO9075-11], it supplements the Figure in [ISO9075-2], [1SO9075-3], [ISO9075-4], or [ISO9075-11],
regardless of whether or not the number of the Figure corresponds.
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When a Table or Figure in [ISO9075-2] and/or [1ISO9075-3] and/or [1ISO9075-4] and/or [ISO9075-11] is
modified or replaced by a Table or Figure in some incremental Part, in that incremental part, a statement of the
form “This Object modifies Object nn.nn, “xxx’”, in ISO/IEC 9075-n.” is typically found in a Rule or paragraph
that appears a little above the modifying Object.

When a Table or Figure in [ISO9075-2] and/or [1ISO9075-3] and/or [1ISO9075-4] and/or [ISO9075-11] is
modified or replaced by a Table or Figure in some incremental Part, the caption of the Table or Figure in

[ISOPO75-2] and/or [TSO9075-3] and/or [TSO9075-4] and/or [TSO9075-11] is preceded by a small red-bpx
contgining the number of the incremental Part that contains the modifying or replacing Table or Figure:

NOTE 17 — In printed copies of this International Standard, the small boxes and their contents may appear gray.or black.

Whete a Table or Figure in an incremental part has a name that is not identical to the name, 6f\Some Tablp or
Figufe in [1SO9075-2] and/or [1SO9075-3] and/or [ISO9075-4] and/or [ISO9075-11], it provides specificgtions
partigular to that incremental part.

6.3.4.3 Functions

In a odified Subclause, the Function from the modifying Subclause €ompletely replaces the Function ip the
original Subclause.

6.3.5.4 New and modified Format items

In modified Clauses and Subclauses, a Format item'that defines a BNF nonterminal symbol (that is, the BNF
nontgrminal symbol that appears on the left-handside of the : : = mark) either modifies a Format item whose
definjtion appears in [1ISO9075-2] and/or [1ISO©9075-3] and/or [ISO9075-4] and/or [1SO9075-11], or replaces
a Format item whose definition appears in [tSO9075-2] and/or [ISO9075-3] and/or [ISO9075-4] and/or [1SO9075-
11], or defines a new Format item that does not have a definition at all in [ISO9075-2] and/or [1SO9075-B]
and/qr [1ISO9075-4] and/or [1SO9075-11].

Thosg Format items in the incremental part that modify a Format item whose definition appears in [ISO9075-
2] and/or [1SO9075-3] and/or. [IS09075-4] and/or [1SO9075-11] are identified by the existence of a “Fofmat
comrment” such as:

<nod|fied itenr =
I Al alternatives from|SQ |EC 9075-2
| gnew alterpnati ve>

<new al t ernative> ::=

By contrast, Format items that completely replace Format items in [ISO9075-2] and/or [1SOQ9075-3] and/or
[1ISO9075-4] and/or [ISO9075-11] have BNF nonterminal symbols identical to BNF nonterminal symbols of
Format items in [ISO9075-2] and/or [ISO9075-3] and/or [ISO9075-4] and/or [ISO9075-11], but do not state
that they include any alternatives from [1SO9075-2] and/or [ISO9075-3] and/or [ISO9075-4] and/or [1ISO9075-
11].

New Format items that have no correspondence to any Format item in [ISO9075-2] and/or [1ISO9075-3] and/or
[1ISO9075-4] and/or [ISO9075-11] are not distinguished in the incremental part.

Format items in new Subclauses are unmarked.
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When a Format item in [ISO9075-2] and/or [ISO9075-3] and/or [I1ISO9075-4] and/or [1ISO9075-11] is modified
or replaced by a Format item in some incremental Part, the Format item in [ISO9075-2] and/or [ISO9075-3]

and/or [ISO9075-4] and/or [ISO9075-11] is indicated by the presence of a small red box, immediately preceding
the name of the BNF nonterminal being defined by the Format item, containing the number of the incremental
Part that contains the modifying or replacing Format item.

6.3.9.5 New and modified paragraphs and rules

In modified Clauses and Subclauses, each paragraph or Rule is marked to indicate whether it.is,amodific
of a paragraph or Rule in [ISO9075-2] and/or [1SO9075-3] and/or [1SO9075-4] and/or [1S@9075-11], or

new
Mod

paragraph or Rule added by this incremental part.

fications of paragraphs or Rules are identified by the inclusion of an indicative phrase enclosed in a

[Repl

[Repl

hce SR6)b)ii)] means that the following text is to replace Syntax Rule 6)b)ii) of the corresponding Subg

in the part identified in the statement following the Subclause title.

|Auginents SR3)| means that the following text is to extend or enhance Syntax Rule 3). In most instances

augmentation is the addition of a new alternative meant to support new syntax.

ation
isa

box.

pce the 5th paragraph| means that the following text is to replace the fifth paragraph of the correspomding
Subcjause in the part identified in the statement following the Subclause titlé:

lause

the

“Repllace” without qualification means the entire paragrapltier rule at the level that is indicated is to be replpaced.

For example, |Replace SR6)b)| means that Syntax Rule 6)b)and any subrules that it may contain is to be rep
If thg term lead text of is included, then the replacemiént is for the text of the paragraph or rule up to, but

inclu

of SR1)b)| means that, in the following rule, only the italicized text is to be replaced.

1)

New

3) Text for Syntax Rule 1)a)
) Lead text for Syntax Rule/1)b).

¢) Textfaor Syntax Rule 1)c)

aced.
not

ding, the first bulleted, dashed, or enumerated-list item that follows. For example, |Replace the lead

text

| ead text for Syntax Rule 1)

Case:
i) Text far-Syntax Rule 1)b)i)
i) Textfor Syntax Rule 1)b)ii)

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

anna h

In bafara 2nd naranean hlm that tha Fallvana tavt 1o +n vand oo thnptiah it v anrn tncariad s ranA o
SertBerore—=nt Paraygrapr T cai S thot T TOToOW gt AT TS o Tt ot oS thoty i e vvere s e Ut Ut

ly

before the second paragraph of the corresponding Subclause in the part identified in the statement following
the Subclause title.

[Insert before GR4)

means that the following text is to read as though it were inserted immediately before

General Rule 4) of the corresponding Subclause in the part identified in the statement following the Subclause

title.
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If no specific insertion point is indicated, as in[Insert 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 in the part identified in the statement following the Subclause title.

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

A atHons; SHSettotmean vHta tHe———~ istseeHe-mear—Aceess Ritte 6 isjused
to mgan “General Rule”, and “CR” is used to mean “Conformance Rule”. “Desc.” is used to mean “Descrigtion”
and ‘{Func.” is used to mean “Function”.

When a Rule or paragraph in [1ISO9075-2] and/or [1SO9075-3] and/or [1SO9075-4] and/or [1SO9075-11] is
modified or replaced by a Rule or paragraph in some incremental Part, the Rule or paragraph-in [ISO9075-2]
and/qr [ISO9075-3] and/or [1SO9075-4] and/or [ISO9075-11] is indicated by the presepce)of a small red box,
immediately preceding the text of the Rule or paragraph, containing the number of the incremental Part that
contdins the modifying or replacing Rule or paragraph.

All paragraphs, Format items, and Rules in new Clauses or Subclauses are alsa.newand are therefore unmgrked.

6.3.5.6 Modified annexes

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

NOTE 18 — This results in only the tables and the bulleted, dashedér enumerated list items being retained.

All ofher text and/or tables are merged into the text and/or tables of the original Annex, taking account of any
grouping and sorting implied by the initial paragraphs’of the original Annex.

NOTE 19 — References to Clauses and Subclausessin.the text will be adjusted to the values that the referenced Clauses anfl Sub-
clauses have acquired in the merged text.

6.3.4 Subclauses used as subroutines

In vafious parts of this International Standard, some Subclauses are defined without explicit syntax to inyoke
their semantics. Such Subetauses, called subroutine Subclauses, typically factor out rules that are requirgd by
one gqr more other Subglauses and are intended to be invoked by the rules of those other Subclauses. In g few
caseq, these Subclauses not having explicit syntax are intended to be invoked by other standards and/or thfough
the upe of implementation-defined mechanisms.

In other words; the rules of these Subclauses behave as though they were a sort of definitional "subroutine
that ip invoked by other Subclauses, other standards, or implementation-defined mechanisms. These subrgutine
Subcjalses are typically specified in a manner that requires information to be passed to them from their
invoKers. T he information that must e pasSed 1S TEepresented as parameters of these subroutine Subctauses, and
that information must be passed in the form of arguments provided by the invokers of these subroutine Subclauses.

Every invocation of a subroutine Subclause must explicitly provide information for every required parameter
of the subroutine Subclause being invoked. If a subroutine Subclause is invoked without the provision of
information for every required parameter, the effects are implementation-dependent.
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6.3.7 Index typography

In the Indexes to the parts of ISO/IEC 9075, the following conventions are used:
— Anindex entry in boldface indicates the page where the word, phrase, or BNF nonterminal is defined.

— Anindex entry in italics indicates a page where the BNF nonterminal is used in a Format.

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

6.3.4 Feature ID and Feature Name

Featyres are either standard-defined features or implementati on-defined featurés.

Standard-defined features are defined in various parts of ISO/IEC 9075. Implementation-defined feature$ are
definpd by SQL-implementations (see Subclause 8.4, “Extensions and.options”).

Featyres are referenced by a Feature ID and by a Feature Name. A-Feature 1D value comprises either a lg¢tter
and three digits or a letter, three digits, a hyphen, and one or two.additional digits. Feature ID values contgining
a hyphen and additional digits indicate “subfeatures” that help'to define complete features, which are in furn
indicpted by Feature ID values without a hyphen.

Featyre 1Ds whose letter is “V” are reserved for implementation-defined features.

The get of subfeatures of a feature is intended to itemize noteworthy special cases of the feature, without nec-
essarjly being exhaustive of the feature. In addition, subfeatures of a feature are not necessarily mutually
exclysive; in some cases, one subfeature mayisubsume another subfeature.

Only|entire features are used to specify‘conformance requirements.

Standard-defined features are either-mandatory features of a part, or they are optional features that are defined
by Conformance Rules. The Feature ID of a standard-defined feature is stable and can be depended on to rgmain
constant.

For cpnvenience, all of thefeatures defined in a part of ISO/IEC 9075 are collected together in a non-normjative
annex in the part in whiCh they are defined. For example, the features defined in [ISO9075-2] can be foupd in
Anngx F, “SQL feature taxonomy”, in [1SO9075-2].

Confprmance Rules are generally placed in the Subclause that defines the BNF non-terminal that is controlled
by the featureIn those circumstances where the use of a non-terminal is only controlled in a specific circumstance
the Gonfarmance Rule is placed where the non-terminal is used. This is also done in those circumstances Where
the factthat the use of the non-terminal is controlled by the feature can be deduced from an inspection of the
Syntax Rules and the Conformance Rules of other Subclauses and the Conformance Rule is in principle
redundant. As far as possible, other redundancy in the Conformance Rules is avoided.
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7.1 SQL conformance sum

7 Annexes to the parts of ISO/IEC 9075

Ever
infor

7.1

[1SO
1SO/

mary

annex to every part of ISO/TEC 9075 1S informative. The CONtents of each annex pProvides addition
mation, some of which restates that which is stated elsewhere in the normative text.

SQL conformance summary

EC 9075, ordered by Feature number, including the number and name of every Subclause that cont

a Comformance Rule associated with that feature.

7.2

Ever
ified

Implementation-defined elements

part of ISO/IEC 9075 contains an Annex that lists every.element of SQL and its processing that is
n that part, and is permitted to differ between SQL-implementations, but is required to be specified

the implementor for each particular SQL-implementation:

7.3

Ever
tione

Implementation-dependent.elements

part of ISO/IEC 9075 contains an’Annex that lists every element of SQL and its processing that is
0, but not specified in that part,;and is thus permitted to differ between SQL-implementations, but i

required to be specified by the implementor for any particular SQL-implementation.

7.4

[1SO
that i

7.5

Deprecated-features

D075-2] and ‘every incremental part contains an Annex that lists every element of SQL and its proce
5 specified in that part, but that may not be specified in some future revision of that part.

D075-2] and every incremental part, other than [1ISO9075-3], contains an Annex\that lists every featiire of

ains

Spec-
by

men-
not

5Sing

Incompatibilities with previous versions

[1SO9075-2] and every incremental part contains an Annex that lists every element of SQL and its processing
that is specified in a previous version of that part, but that is not specified in the same way in the present version.
The most frequent cause of such incompatibilities is the addition of reserved key words to the language, which

inval

©ISO/

idates their use in SQL language that conformed to an earlier version of ISO/IEC 9075.
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7.6  SQL feature taxonomy

[ISO9075-2] and every incremental part contains an Annex that lists every feature of ISO/IEC 9075 defined
in that part, ordered by Feature number, specifying the name of that feature.

7.7 | Defect Reports

[ISOP0O75-2] and every incremental part contains an Annex that every reported defect in the prévious edition
of this part of ISO/IEC 9075 that remains in this part of this edition, ordered by Subclause aumber, speciﬁying
the npture of this defect.
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8 Conformance

Seve
claim
Zero

8.1

Ever
meet
mand
11].

Core
9075

8.2

of conformance. In addition, conformance may be claimed for zero or more incremental partsand
Dr more optional features.

Minimum conformance

claim of conformance shall include a claim of minimum conformance, whichvis defined as a claim
the conformance requirements specified in [ISO9075-2] and [1SO9075-11]. A claim of minimum co

L is set of the features defined in the conformance requirements specified in [ISO 9075-2] and [
-11].

Conformance to parts

Acl
part.

In adfdition every claim of conformancestaa part of ISO/IEC 9075 shall meet the conformance requirem
speciffied in that part.

A cldim of conformance to an incremental part of ISO/IEC 9075 shall include the claims required by thg

form

8.3

In ad
[ISO
ident]

im of conformance to a part of ISO/IEC 9075 implies support of all mandatory features defined in

hnce requirements of that(Part of ISO/IEC 9075 to which conformance is claimed.

Conformyance to features

dition tothose features that are mandatory for conformance to any part of ISO/IEC 9075 (including
D075-2}-and [ISO9075-11]), any part of ISO/IEC 9075 may define optional features. These features
fied by Feature ID and controlled by Conformance Rules (see Subclause 6.3.8, “Feature ID and Fe

al different Types of conformance may be claimed. EVery claim of conformance shall include a minjmum

for

to
nfor-

e shall include the statements required by the conformance requirements-of [ISO9075-2] and [ISO9075-

SO

hat

ENts

con-

are
pture

Nam

7Y

/-

An optional feature FEAT is defined by relaxing selected Conformance Rules, as noted at the beginning of each
Conformance Rule by the phrase “without Feature FEAT, “name of feature”, ... ”. An application designates a
set of SQL features that the application requires; the SQL language of the application shall observe the
restrictions of all Conformance Rules except those explicitly relaxed for the required features. Conversely,
conforming SQL-implementations shall identify which SQL features the SQL-implementation supports. An
SQL-implementation shall process any application whose required features are a subset of the SQL-implemen-
tations supported features.
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8.3 Conformance to features

A feature FEAT1 may imply another feature FEAT2. An SQL-implementation that claims to support FEAT1
shall also support each feature FEATZ2 implied by FEAT1. Conversely, an application need only designate that
it requires FEATL, and may assume that this includes each feature FEAT2 implied by FEATL. 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 ISO/IEC 9075. 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

I1SO/

EC 9075 shall meet the conformance requirements of all parts to which conformance is claimed as

if the

Conf

The §
arep
the a
Tran
Serve
mitte]
form
Conf
thoug

8.4

AnS
by IS

N

It is implementation-defined whether an SQL Elagger flags implementation-defined features.

N
S
aj
N
n
N
N
t

An S
or fo

AnS
invod

brmance Rules, which control the feature, did not exist.

byntax Rules and General Rules may define one SQL syntax in terms of another. Such transfermati
resented to define the semantics of the transformed syntax, and are effectively performed aftef chec

formations may use SQL syntax of one SQL feature to define another SQL feature. Tthese transforma
to define the behavior of the syntax, and do not have any implications for the feature syntax that is

htion. A conforming SQL-implementation need only process the untransformeéd’syntax defined by t
prmance Rules that are applicable for the set of features that the SQL-implementation claims to sug
h with the semantics implied by the transformation.

Extensions and options

QL-implementation may provide implementation-defifed features that are additional to those speci
O/IEC 9075, and may add to the list of reserved words.

OTE 20 — If additional words are reserved, it is possibleithat a conforming SQL-statement may not be processed correc

OTE 21 — An SQL Flagger may flag implementation-defined features using any Feature ID not defined by this Internati
tandard. However, there is no guarantee that'soime future edition of this International Standard will not use such a Feature
standard-defined feature.

OTE 22 — The implementation-defined features flagged by an SQL Flagger may identify implementation-defined feature
ore than one SQL-implementation.

OTE 23 — The allocation of a‘Feature ID to an implementation-defined feature may differ between SQL Flaggers.

OTE 24 — An SQL-implementation may choose to, but is not required to, make an implementation-defined feature visib
rough the SQL_FEATURES view of the Information Schema.

pplicable Conformance Rules, unless otherwise noted in a Syntax Rule that defines a fransformation.

DNS
king

tions
per-

d or forbidden by the features so defined, except as otherwise noted in a Syntax'\Rule that defines a trans-

ne
port,

Fied

ly.

bnal
ID for

from

le

implementation-defined argument values for SQL-invoked routines.

QL-implementation may provide user options to process non-conforming SQL statements or routin

SO as

to-produce a result different from that specified in the parts of ISO/IEC 9075.

QL-implementation may provide support for additional implementation-defined SQL-invoked routines

ationst An SQL-implementation may provide user options to process SQL statements or routine invocations

It shall produce such results only when explicitly required by the user option. Additional extensions and options
may be specified in incremental parts of ISO/IEC 9075.
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8.5 SQL flagger

An SQL Flagger is an implementation-provided facility that is able to identify SQL language extensions, or
other SQL processing alternatives, that may be provided by a conforming SQL-implementation (see
Subclause 8.4, “Extensions and options™).

An CoOolElaaaaricimntandad to accict tn thn nradiistinn AF CA Ioanaiann that 1o hath nartahln Aand infnrnnrr ble
ORI T gt T G COto TSI Sttt Protot o OO gyttt o 0 Ot P o otrC Tt e ToPg a

amor|g different conforming SQL-implementations operating under different levels of this International Starjdard.

An SPL Flagger is intended to effect a static check of SQL language. There is no requirement to detgcteexterjsions
that gannot be determined until the General Rules are evaluated.

An SPL-implementation need only flag SQL language that is not otherwise in error as far ag-that implementation
is cofcerned.

OTE 25 — If a system is processing SQL language that contains errors, then it may be very difficult within a single statement
determine what is an error and what is an extension. As one possibility, an implementation may’choose to check SQL lajguage
two steps; first through its normal syntax analyzer and secondly through the SQL Flagger.(The first step produces error mepsages
r non-standard SQL language that the implementation cannot process or recognize. The’Second step processes SQL langliage
at contains no errors as far as that implementation is concerned,; it detects and flags‘at one time all non-standard SQL language
at could be processed by that implementation. Any such two-step process should betransparent to the end user.

-+ —h = —

The $QL Flagger assists identification of conforming SQL language'that may perform differently in alterrjative
procgssing environments provided by a conforming SQL-implementation. It also provides a tool in identiffying
SQL [elements that may have to be modified if SQL language«is to be moved from a non-conforming to g con-
form|ng SQL processing environment.

An SRL Flagger provides one or more of the following\“level of flagging” options:
— Core SQL Flagging
— Iart SQL Flagging

An SPL Flagger that provides one of these:options shall be able to identify SQL language constructs that vjolate
the irjdicated subset of SQL language. The subset of SQL language used by “Core SQL Flagging” is Core SQL.
The qubset of SQL language used hy\“Part SQL Flagging” is Core SQL plus those features required for cgnfor-
mande to a specified Part or Parts of ISO/IEC 9075.

An SRL Flagger may also provide “SQL Feature Flagging”. “SQL Feature Flagging” indicates which optional
features in addition to the-indicated subset of SQL language are needed to make the SQL language consfructs
conf@rming.

An SQL Flaggerprovides one or more of the following “extent of checking” options:
—  $yntax Only

— Catalog Lookup

UnderThe Syntax Only option, the SQL Flagger analyzes only the SQL language that is presented, it checks
for violations of any 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 such violations are
in principle deducible from the syntax alone.
NOTE 26 — Further details can be found in Annex F, “SQL feature taxonomy”, in [ISO9075-2], Annex F, “SQL feature taxonomy”,
in [ISO9075-3], Annex F, “SQL feature taxonomy”, in [ISO9075-4], Annex F, “SQL feature taxonomy”, in [ISO9075-9], Annex F,

“SQL feature taxonomy”, in [ISO9075-10], Annex F, “SQL feature taxonomy”, in [ISO9075-11], Annex F, “SQL feature taxonomy”,
in [1ISO9075-13], and Annex F, “SQL feature taxonomy”, in [1ISO9075-14].
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Under the Catalog Lookup option, the SQL Flagger assumes the availability of Definition Schema information
and checks for violations of all Syntax Rules. For example, some Syntax Rules place restrictions on data types;
this flagger option would identify extensions that relax such restrictions. In order to avoid security breaches,
this option shall view the Definition Schema only through the eyes of a specific Information Schema. The
flagger does not necessarily execute or simulate the execution of any <SQL schema definition statement> or
<SQL schema manipulation statement>.

8.6 | Claims of conformance

A cldim of conformance to ISO/IEC 9075 shall include all of the following:
1) A claim of minimum conformance.
2) Xero or more claims of conformance to incremental parts.

3) Zero or more claims of conformance to optional features.

NOTE 27 — Each part of ISO/IEC 9075 specifies what shall be stated by claims of eenformance to that part, in addition tq the
quirements of this clause.

=

8.6.1 Requirements for SQL applications
The term “SQL application” is used here to mean a collection of compilation units that contains one or more
of:
—  $QL statements.

— Invocations of SQL/CLI routines.

— Invocations of externally-invoked-procedures.

A conforming SQL application shall be processed without syntax error, provided that all of the following is
satisflied:

— [Every SQL statementor'SQL invocation is syntactically correct in accordance with ISO/IEC 9075.
— The schema contents satisfy the requirements of the SQL application.
— The SQL-data~conforms to the schema contents.

— The userhas not submitted for immediate execution an SQL-statement that is not syntactically corréct.

A confarming SQL application shall not use any additional features, or features beyond the level of conforrTance
claimeek

A claim of conformance by an SQL application shall also state:
— What implementation-defined elements and actions are relied on for correct performance.

— What schema contents are required to be supplied by the user.
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8.6.2 Requirements for SQL-implementations
A conforming SQL-implementation shall process conforming SQL language according to the associated General
Rules, Definitions, and Descriptions.

A conforming SQL implementation shall process conforming routine invocations according to the associated
Definitions and General Rules

A clgim of conformance by an SQL-implementation shall also state:

— The definition for every element and action, within the scope of the claim, that ISO/IEC 9075 'specif|es to
e implementation-defined.

A copforming SQL-implementation that provides additional facilities or that provides fagilities beyond those
speciffied as “Core” shall provide an SQL-Flagger.
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Annex A
(informative)

Maintenance and interpretation of SQL

ISO/|EC JTC1 provides formal procedures for revision, maintenance, and interpretation of\JTC1 Standafds.

Clauge 14 of the JTC1 Directives, “Maintenance of International Standards”, specifies procedures for creating
and pgrocessing “defect reports”. Defect reports may result in technical corrigenda, amendments, interpretations,
or other commentary on an existing International Standard.

Potential new questions or new defect reports addressing the specifications of ISOfIEC 9075 should be corpmu-
nicated to:

Secretariat, ISO/IEC JTC1/SC32
American National Standards Institute
11 West 42nd Street

Néw York, NT 10036

USA
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