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Foreword

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

In the field of information technology, ISO and IEC have established a joint technical committee,
ISO/IEC JTC 1. Draft International Standards adopted by the joint technical committee are circu-
lated to national bodies for voting. Publication as an International Standard requires approval by
at leat 75% of the national bodies casting a vote.

International Standard ISO/IEC 9075-2 was prepared by Joint Technical Committee ISO/IEC JTC
1, Information technology, Subcommittee SC 32, Data management and interchange.

This fourth edition cancels and replaces the third edition (ISO/IEC 9075:1992).

ISO/IEC 9075 consists of the following parts, under the general title Information technology —
Database languages — SQL:

— Part 1: Framework (SQL/Framework)

— Part 2: Foundation (SQL/Foundation)

— Part 3: Call-Level Interface (SQL/CLI)

— Part 4: Persistent Stored Modules (SQL/PSM)

— Part 5: Host Language Bindings (SQL/Bindings)

Annexes A, B, C, D, E, and F of this part of ISO/IEC 9075 are for information only.
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Introduction

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

1) Clause 1, ‘‘Scope’’, specifies the scope of this part of ISO/IEC 9075.

2) Clause 2, ‘‘Normative references’’, identifies additional standards that, through reference in this
part of ISO/IEC 9075, constitute provisions of this part of ISO/IEC 9075.

3) Clause 3, ‘‘Definitions, notations, and conventions’’, defines the notations and conventions used
in this part of ISO/IEC 9075.

4) Clause 4, ‘‘Concepts’’, presents concepts used in the definition of SQL.

5) Clause 5, ‘‘Lexical elements’’, defines the lexical elements of the language.

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

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

8) Clause 8, ‘‘Predicates’’, defines the predicates of the language.

9) Clause 9, ‘‘Data assignment rules and routine determination’’, specifies the rules for assignments
that retrieve data from or store data into SQL-data, and formation rules for set operations.

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

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

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

13) Clause 13, ‘‘SQL-client modules’’, defines SQL-client modules and externally-invoked procedures.

14) Clause 14, ‘‘Data manipulation’’, defines the data manipulation statements.

15) Clause 15, ‘‘Control statements’’, defines the SQL-control statements.

16) Clause 16, ‘‘Transaction management’’, defines the SQL-transaction management statements.

17) Clause 17, ‘‘Connection management’’ defines the SQL-connection management statements.

18) Clause 18, ‘‘Session management’’, defines the SQL-session management statements.

19) Clause 19, ‘‘Diagnostics management’’, defines the diagnostics management facilities.

20) Clause 20, ‘‘Information Schema’’, defines viewed tables that contain schema information.

21) Clause 21, ‘‘Definition Schema’’, defines base tables on which the viewed tables containing
schema information depend.
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22) Clause 22, ‘‘Status codes’’, defines values that identify the status of the execution of SQL-
statements and the mechanisms by which those values are returned.

23) Clause 23, ‘‘Conformance’’, defines the criteria for conformance to this part of ISO/IEC 9075.

24) Annex A, ‘‘SQL Conformance Summary’’, is an informative Annex. It summarizes the confor-
mance requirements of the SQL language.

25) Annex B, ‘‘Implementation-defined elements’’, is an informative Annex. It lists those features
for which the body of this part of ISO/IEC 9075 states that the syntax, the meaning, the
returned results, the effect on SQL-data and/or schemas, or any other behavior is partly or
wholly implementation-defined.

26) Annex C, ‘‘Implementation-dependent elements’’, is an informative Annex. It lists those features
for which the body of this part of ISO/IEC 9075 states that the syntax, the meaning, the
returned results, the effect on SQL-data and/or schemas, or any other behavior is partly or
wholly implementation-dependent.

27) Annex D, ‘‘Deprecated features’’, is an informative Annex. It lists features that the responsible
Technical Committee intend will not appear in a future revised version of this part of ISO/IEC
9075.

28) Annex E, ‘‘Incompatibilities with ISO/IEC 9075:1992 and ISO/IEC 9075-4:1996’’, is an infor-
mative Annex. It lists incompatibilities with the previous version of this part of ISO/IEC
9075.

29) Annex F, ‘‘SQL feature and package taxonomy’’, is an informative Annex. It identifies features
and packages of the SQL language specified in this part of ISO/IEC 9075 by an identifier and
a short descriptive name. This taxonomy is used to specify conformance both to Core SQL and
to the packages specified in this part of ISO/IEC 9075. The feature taxonomy may be used to
develop other profiles involving the SQL language.

In the text of this part of ISO/IEC 9075, Clauses begin a new odd-numbered page, and in Clause 5,
‘‘Lexical elements’’, through Clause 22, ‘‘Status codes’’, Subclauses begin a new page. Any resulting
blank space is not significant.

xviii Foundation (SQL/Foundation)
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Information technology — Database languages — SQL —

Part 2:
Foundation (SQL/Foundation)

1 Scope

This part of ISO/IEC 9075 defines the data structures and basic operations on SQL-data. It provides
functional capabilities for creating, accessing, maintaining, controlling, and protecting SQL-data.

This part of ISO/IEC 9075 specifies the syntax and semantics of a database language:

— For specifying and modifying the structure and the integrity constraints of SQL-data.

— For declaring and invoking operations on SQL-data and cursors.

— For declaring database language procedures.

It also specifies an Information Schema that describes the structure and the integrity constraints of
SQL-data.

This part of ISO/IEC 9075 provides a vehicle for portability of data definitions and compilation units
between SQL-implementations.

This part of ISO/IEC 9075 provides a vehicle for interconnection of SQL-implementations.

This part of ISO/IEC 9075 does not define the method or time of binding between any of:

— database management system components,

— SQL data definition declarations,

— SQL procedures, or

— compilation units.

Implementations of this part of ISO/IEC 9075 may exist in environments that also support applica-
tion programming languages, end-user query languages, report generator systems, data dictionary
systems, program library systems, and distributed communication systems, as well as various tools
for database design, data administration, and performance optimization.

Scope 1
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2 Normative references

The following standards contain provisions that, through reference in this text, constitute provisions
of this part of ISO/IEC 9075. At the time of publication, the editions indicated were valid. All
standards are subject to revision, and parties to agreements based on this part of ISO/IEC 9075
are encouraged to investigate the possibility of applying the most recent editions of the standards
indicated below. Members of IEC and ISO maintain registers of currently valid International
Standards.

ISO/IEC 646:1991, Information technology — ISO 7-bit coded character set for information
interchange.

ISO/IEC 1539-1:1997, Information technology — Programming languages — Fortran — Part 1:
Base language.

ISO 1989:1985, Programming languages — COBOL.
(Endorsement of ANSI X3.23-1985).

ISO/IEC 2022:1994, Information technology — Character code structure and extension tech-
niques.

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

ISO/IEC 7185:1990, Information technology — Programming languages — Pascal.

ISO 8601:1988, Data elements and interchange formats — Information interchange —
Representation of dates and times.

ISO/IEC 8649:1996, Information technology — Open Systems Interconnection — Service
Definition for the Association Control Service Element.

ISO/IEC 8652:1995, Information technology — Programming languages — Ada.

ISO 8824-1:1995, Information technology — Specification of Abstract Syntax Notation One
(ASN.1) — Part 1: Specification of basic notation

ISO/IEC 9075-1:1999, Information technology — Database languages — SQL — Part 1:
Framework (SQL/Framework).

ISO/IEC FDIS 9075-3:1999, Information technology — Database languages — SQL — Part 3:
Call-Level Interface (SQL/CLI).

ISO/IEC 9075-4:1999, Information technology — Database languages — SQL — Part 4:
Persistent Stored Modules (SQL/PSM).

ISO/IEC 9075-5:1999, Information technology — Database languages — SQL — Part 5: Host
Language Bindings (SQL/Bindings).

Normative references 3
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ISO/IEC 9579-1:1993, Information technology — Open Systems Interconnection — Remote
Database Access — Part 1: Generic Model, Service, and Protocol.

ISO/IEC 9579-2:1998, Information technology — Open Systems Interconnection — Remote
Database Access — Part 2: SQL Specialization.

ISO/IEC 9899:1990, Programming languages — C.

ISO/IEC 9899:1990/Amendment 1:1995, Amendment to ISO/IEC 9899:1990 — C Integrity.

ISO/IEC 10026-2:1996, Information technology — Open Systems Interconnection — Distributed
Transaction Processing — Part 2: OSI TP Service.

ISO/IEC 10206:1991, Information technology — Programming languages — Extended Pascal.

ISO/IEC 11404:1996, Information technology — Programming languages, their environments
and system software interfaces — Language-independent datatypes.

ISO/IEC 11756:1992, Information technology — Programming languages — MUMPS.

ISO/IEC 10646-1:1993, Information technology — Universal Multi-Octet Coded Character Set
(UCS) — Part 1: Architecture and Basic Multilingual Plane.
The Unicode Consortium, The Unicode Standard, Version 2.0, 1996. ISBN 0-201-48345-9.

4 Foundation (SQL/Foundation)
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3 Definitions, notations, and conventions

3.1 Definitions

For the purposes of this part of ISO/IEC 9075, the following definitions apply.

3.1.1 Definitions taken from ISO/IEC 10646

This part of ISO/IEC 9075 makes use of the following terms defined in ISO/IEC 10646:

a) character

b) coded character

c) coded character set

d) control function

e) private use plane

f) repertoire

3.1.2 Definitions taken from Unicode

This part of ISO/IEC 9075 makes use of the following terms defined in The Unicode Standard:

a) abstract character

b) abstract character sequence

c) canonical decomposition

d) canonical equivalent

e) code value

f) compatibility decomposition

g) compatibility equivalent

h) control character

i) private use

j) surrogate pair

Definitions, notations, and conventions 5
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3.1 Definitions

3.1.3 Definitions taken from ISO 8601

This part of ISO/IEC 9075 makes use of the following terms defined in ISO 8601:

a) Coördinated Universal Time (UTC)

b) date (‘‘date, calendar’’ in ISO 8601)

3.1.4 Definitions taken from Part 1

This part of ISO/IEC 9075 makes use of all terms defined in ISO/IEC 9075-1.

3.1.5 Definitions provided in Part 2

This part of ISO/IEC 9075 defines the following terms:

a) assignable: The characteristic of a data type that permits a value of that data type to be
assigned to a site of a specified data type. See Subclause 4.12, ‘‘Type conversions and mixing of
data types’’.

b) assignment: An operation that replaces the instance at a site (known as the target) with a new
instance of a (possibly, though not necessarily, different) value (known as the source).

c) attribute: A component (of a structured type) whose characteristics are specified by an at-
tribute descriptor. A value V in structured type T has exactly one attribute value for each
attribute A of T, this being the result of the invocation of A(V) of the observer function for that
attribute.

d) cardinality (of a value of a collection type): The number of elements in that value. Those
elements need not necessarily have distinct values.

e) character repertoire; repertoire: A set of characters used for a specific purpose or applica-
tion. Each character repertoire has an implied default collating sequence.

f) coercibility: A characteristic of a character string value that governs how a collating sequence
for the value is determined.

g) collation; collating sequence: A method of ordering two comparable character strings. Every
character set has a default collation.

h) collection type: The type of collection denoted by a collection data type: array.

i) comparable: The characteristic of values that permits one value to be compared with another
value. Also said of data types: Two data types are comparable if values of those data types are
comparable. If one of the two data types is a user-defined type, then both shall be in the same
subtype family. See Subclause 4.12, ‘‘Type conversions and mixing of data types’’.

j) constructor function: A niladic SQL-invoked function of which exactly one is implicitly speci-
fied for every structured type. An invocation of the constructor function for data type T returns
a value V of the most specific type T such that V is not null and, for every observer function O
defined for T, the invocation O(V) returns the default value of the attribute corresponding to O.

6 Foundation (SQL/Foundation)
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k) declared type: Of an expression denoting a value, the unique data type that is common to
every value that might result from evaluation of that expression. The term is also applicable to
anything that can be referenced to denote a value, such as, for example, a parameter, column or
variable.

l) distinct: Two values other than rows and collections are said to be not distinct if either: both
are the null value, or they compare equal according to Subclause 8.2, ‘‘<comparison predicate>’’;
otherwise they are distinct. Two rows (or partial rows) are distinct if at least one of their pairs
of respective values is distinct; otherwise they are not distinct. Two arrays are distinct if the
arrays do not have the same cardinality or if, for arrays of the same cardinality, elements in
the same ordinal position in the two arrays are distinct; otherwise, the arrays are not distinct.
The result of evaluating whether or not two values, two rows, or two arrays are distinct is never
unknown.

m) duplicate: Two or more values or rows are said to be duplicates (of each other) if and only if
they are not distinct.

n) dyadic: Of operators, functions, and procedures, having exactly two operands or parameters.
An example of a dyadic operator in this part of ISO/IEC 9075 is ‘‘�’’, specifying the subtraction
of the right operand from the left operand. An example of a dyadic function is POSITION.

o) element type: The definition of a collection type CT includes specification of a data type that
is common to every element of every value in CT. This is the element type of CT and also the
element type of every value in CT.

p) external routine: An SQL-invoked routine whose routine body is an external body reference
that identifies a program written in a standard programming language other than SQL.

q) fixed-length: A characteristic of bit strings and character strings that restricts a string to
contain exactly one number of bits or characters, respectively, known as the length in bits or
characters, respectively, of the string.

r) form-of-use: A convention (or encoding) for representing characters (in character strings).
Some forms-of-use are fixed-length codings and others are variable-length codings.

s) form-of-use conversion: A method of converting character strings from one form-of-use to
another form-of-use.

t) interface (of a structured type): The set comprising every function such that the declared
type of at least one of its parameters or result is that structured type.

u) monadic: Of operators, functions, and procedures, having exactly one operand or parameter.
An example of a monadic arithmetic operator in this part of ISO/IEC 9075 is ‘‘�’’, specifying
the negation of the operand. An example of a monadic function is CHARACTER_LENGTH,
specifying the length in characters of the argument.

v) most specific type: Of a value, the unique data type of which every data type of that value is
a supertype.

w) mutator function: A dyadic, type-preserving function M whose definition is implied by the
definition of some attribute A (of declared type AT) of some user-defined type T. The first
parameter of M is a result SQL parameter of declared type T, which is also the result type of M.
The second parameter of M is of declared type AT. The invocation M(V, AV) returns the value
V1 such that V1 differs from V only in its value for attribute A, if at all. The most specific type
of V1 is the most specific type of V.
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3.1 Definitions

x) n-adic operator: An operator having a variable number of operands (informally: n operands).
An example of an n-adic operator in this part of ISO/IEC 9075 is COALESCE.

y) niladic: Of functions and procedures, having no parameters.

z) observer function: An SQL-invoked function A implicitly defined by the definition of attribute
A of a structured type T. If V is some value in T and the declared type of A is AT, then the
invocation of A(V) returns some value AV in AT. AV is then said to be the value of attribute A in
V.

aa) redundant duplicates: All except one of any multiset of duplicate values or rows.

bb) reference type: A data type all of whose values are potential references to sites of one specified
data type.

cc) REF value: A value that references some site.

dd) referenced type: The declared type of the values at sites referenced by values of a particular
reference type.

ee) referenced value: The value at the site referenced by a REF value.

ff) repertoire: See character repertoire.

gg) result SQL parameter: An SQL parameter that specifies RESULT.

hh) result data type: The result data type of an SQL-invoked function is the declared type of the
result of its invocation.

ii) signature (of an SQL-invoked routine): the name of an SQL-invoked routine, the position
and declared type of each of its SQL parameters, and an indication of whether it is an SQL-
invoked function or an SQL-invoked procedure.

jj) SQL argument An expression denoting a value to be substituted for an SQL parameter in an
invocation of an SQL-invoked routine.

kk) SQL-invoked routine: A routine that is allowed to be invoked only from within SQL.

ll) SQL parameter An parameter declared as part of the signature of an SQL-invoked routine.

mm) SQL routine: An SQL-invoked routine whose routine body is written in SQL.

nn) STATE function: A dyadic BOOLEAN function, with <schema qualified routine name>
EQUALS, which can be implicitly defined in connection with a structured type whose val-
ues are unordered. The parameters of the STATE function for data type T are both of declared
type T. The invocation EQUALS(V1, V2) returns true if and only if, for every attribute A of T,
A(V1) = A(V2).

oo) subfield: A field F is a subfield of a row type RT if F is a field of RT or F is a field of a row type
RT2 that is the declared type of a field F2 that is a subfield of RT.

pp) subtype: A data type T2 is a subtype of data type T1 if every value of T2 is also a value of T1.
If T1 and T2 are not compatible, then T2 is a proper subtype of T1. ‘‘Compatible’’ is defined in
Subclause 4.12, ‘‘Type conversions and mixing of data types’’. See also supertype.

8 Foundation (SQL/Foundation)
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3.1 Definitions

qq) supertype: A data type T1 is a supertype of data type T2 if every value of T2 is also a value
of T1. If T1 and T2 are not compatible, then T2 is a proper supertype of T1. ‘‘Compatible’’ is
defined in Subclause 4.12, ‘‘Type conversions and mixing of data types’’. See also subtype.

rr) translation: A method of translating characters in one character repertoire into characters of
the same or a different character repertoire.

ss) type-preserving function: An SQL-invoked function, one of whose parameters is a result SQL
parameter. The most specific type of the value returned by an invocation of a type-preserving
function is identical to the most specific type of the SQL argument value substituted for the
result SQL parameter.

tt) user-defined type: A type whose characteristics are specified by a user-defined type descriptor.

uu) variable-length: A characteristic of bit strings and character strings that allows a string to
contain any number of bits or characters, respectively, between 0 (zero) and some maximum
number, known as the maximum length in bits or characters, respectively, of the string.

vv) white space: Characters used to separate tokens in SQL text; white space may be required
(for example, to separate <nondelimiter token>s from one another) and may be used between
any two tokens for which there are no rules prohibiting such use. White space is any of the
following characters:

— U+0009, Horizontal Tab

— U+000A, Line Feed

— U+000B, Vertical Tabulation

— U+000C, Form Feed

— U+000D, Carriage Return

— U+0020, Space

— U+00A0, No-Break Space

— U+2000, En Quad

— U+2001, Em Quad

— U+2002, En Space

— U+2003, Em Space

— U+2004, Three-Per-Em Space

— U+2005, Four-Per-Em Space

— U+2006, Six-Per-Em Space

— U+2007, Figure Space

— U+2008, Punctuation Space

— U+2009, Thin Space
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— U+200A, Hair Space

— U+200B, Zero Width Space

— U+200C, Zero Width Non-Joiner

— U+200D, Zero Width Joiner

— U+200E, Left-To-Right Mark

— U+200F, Right-To-Left Mark

— U+3000, Ideographic Space

— U+2028, Line Separator

— U+2029, Paragraph Separator

— U+FEFF, Zero Width No-Break Space
NOTE 1 – The notation ‘‘U+xyzw’’ identifies a character position on the Basic Multilingual Plane of
ISO/IEC 10646, where each of x, y, z, and w are hexadecimal digits; that character position is in column
zw of row xy. In this International Standard, this notation is used only to unambiguously identify
characters and is not meant to imply a specific encoding for any implementation’s use of that character.

3.2 Notation

The notation used in this part of ISO/IEC 9075 is defined in ISO/IEC 9075-1.

3.3 Conventions

The conventions used in this part of ISO/IEC 9075 are defined in ISO/IEC 9075-1, with the following
additions.

3.3.1 Use of terms

3.3.1.1 Syntactic containment

Let <A> and <B> be syntactic elements; let A1 be an instance of <A> and let B1 be an instance of
<B>.

A1 directly contains B1 if A1 contains B1 without an intervening <set function specification> or
<subquery>.

10 Foundation (SQL/Foundation)
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4 Concepts

4.1 Data types

A data type is a set of representable values. Every representable value belongs to at least one data
type and some belong to several data types.

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

SQL supports three sorts of data types: predefined data types, constructed types, and user-defined
types. Predefined data types are sometimes called the ‘‘built-in data types’’, though not in this
International Standard. User-defined data types can be defined by a standard, by an implementa-
tion, or by an application.

A constructed type is specified using one of SQL’s data type constructors, ARRAY, REF, and ROW. A
constructed type is either an array type, a reference type or a row type, according to whether it is
specified with ARRAY, REF, or ROW, respectively. Array types are the only examples of constructed
types known generically as collection types.

Every predefined data type is a subtype of itself and of no other data types. It follows that every
predefined data type is a supertype of itself and of no other data types. The predefined data types
are individually described in each of Subclause 4.2, ‘‘Character strings’’, through Subclause 4.7,
‘‘Datetimes and intervals’’.

Row types, reference types and collection types are described in Subclause 4.9, ‘‘Row types’’,
Subclause 4.10, ‘‘Reference types’’, Subclause 4.11, ‘‘Collection types’’, respectively.

SQL defines predefined data types named by the following <key word>s: CHARACTER,
CHARACTER VARYING, CHARACTER LARGE OBJECT, BINARY LARGE OBJECT, BIT, BIT
VARYING, NUMERIC, DECIMAL, INTEGER, SMALLINT, FLOAT, REAL, DOUBLE PRECISION,
BOOLEAN, DATE, TIME, TIMESTAMP, and INTERVAL. These names are used in the type des-
ignators that constitute the type precedence lists specified in Subclause 9.5, ‘‘Type precedence list
determination’’. In fact, every data type is assigned to exactly one equivalence class named by such
a type designator.

For reference purposes:

— The data types CHARACTER, CHARACTER VARYING, and CHARACTER LARGE OBJECT
are collectively referred to as character string types.

— The data types BIT and BIT VARYING are collectively referred to as bit string types.

— The data type BINARY LARGE OBJECT is referred to as the binary string type and the values
of binary string types are referred to as binary strings.

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

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

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

— Exact numeric types and approximate numeric types are collectively referred to as numeric
types. Values of numeric types are referred to as numbers.

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

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

— The data types DATE, time, and timestamp are collectively referred to as datetime types.

— Values of datetime types are referred to as datetimes.

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

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

Subclause 6.1, ‘‘<data type>’’, describes the semantic properties of each data type.

A structured type ST is directly based on a data type DT if DT is the declared type of some attribute
whose descriptor is included in the descriptor of ST.

An array type AT is directly based on a data type DT if DT is the element type of AT.

A reference type RT is directly based on a data type DT if DT is the referenced type.

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

A data type DT1 is based on a data type DT2 if DT1 is directly based on DT2 or DT1 is directly
based on some data type that is based on DT2.

Each host language has its own data types, which are separate and distinct from SQL data types,
even though similar names may be used to describe the data types. Mappings of SQL data types
to data types in host languages are described in Subclause 11.49, ‘‘<SQL-invoked routine>’’, and
Subclause 16.1, "<embedded SQL host program>", in ISO/IEC 9075-5. Not every SQL data type has
a corresponding data type in every host language.
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4.2 Character strings

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

— The name of the specific character string data type (CHARACTER, CHARACTER VARYING,
and CHARACTER LARGE OBJECT; NATIONAL CHARACTER, NATIONAL CHARACTER
VARYING, and NATIONAL CHARACTER LARGE OBJECT are represented as CHARACTER,
CHARACTER VARYING, and CHARACTER LARGE OBJECT, respectively).

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

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

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

Character sets fall into three categories: those defined by national or international standards, those
defined by implementations, and those defined by applications. Every character set contains the
<space> character (equivalent to U+0020). An application defines a character set by assigning a
new name to a character set from one of the first two categories. They can be defined to ‘‘reside’’
in any schema chosen by the application. Character sets defined by standards or by implementa-
tions reside in the Information Schema (named INFORMATION_SCHEMA) in each catalog, as do
collations defined by standards and collations, translations, and form-of-use conversions defined by
implementations.

4.2.1 Character strings and collating sequences

A character string is a sequence of characters chosen from the same character repertoire. The
character repertoire from which the characters of a particular string are chosen may be specified
explicitly or implicitly. A character string has a length, which is the number of characters in the
sequence. The length is 0 (zero) or a positive integer.

All character strings of a given character repertoire are comparable.

A collating sequence, also known as a collation, is a set of rules determining comparison of character
strings in a particular character repertoire. There is a default collating sequence for each character
repertoire, but additional collating sequences can be defined for any character repertoire.
NOTE 2 – A column may be defined as having a default collating sequence. This default collating sequence
for the column may be different from the default collating sequence for its character repertoire, e.g., if the
<collate clause> is specified in the column reference. It will be clear from context when the term ‘‘default
collating sequence’’ is used whether it is meant for a column or for a character repertoire.

Given a collating sequence, two character strings are identical if and only if they are equal in
accordance with the comparison rules specified in Subclause 8.2, ‘‘<comparison predicate>’’. The
collating sequence used for a particular comparison is determined as in Subclause 4.2.3, ‘‘Rules
determining collating sequence usage’’.

The <key word>s NATIONAL CHARACTER are used to specify a character string data type with
a particular implementation-defined character repertoire. Special syntax (N’string’) is provided for
representing literals in that character repertoire.
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A character set is described by a character set descriptor. A character set descriptor includes:

— The name of the character set.

— The name of the default collation for the character set.

For every character set, there is at least one collation. A collation is described by a collation
descriptor. A collation descriptor includes:

— The name of the collation.

— The name of the character set on which the collation operates.

— Whether the collation has the NO PAD or the PAD SPACE characteristic.

4.2.2 Operations involving character strings

4.2.2.1 Operators that operate on character strings and return character strings

<concatenation operator> is an operator, k, that returns the character string made by joining its
character string operands in the order given.

<character substring function> is a triadic function, SUBSTRING, that returns a string extracted
from a given string according to a given numeric starting position and a given numeric length.

<character overlay function> is a function, OVERLAY, that modifies a string argument by replacing
a given substring of the string, which is specified by a given numeric starting position and a
given numeric length, with another string (called the replacement string). When the length of
the substring is zero, nothing is removed from the original string and the string returned by the
function is the result of inserting the replacement string into the original string at the starting
position.

<fold> is a pair of functions for converting all the lower case and title case characters in a given
string to upper case (UPPER) or all the upper case and title case characters to lower case (LOWER).
A lower case character is a character that has the Unicode ’alphabetic’ property and whose Unicode
name includes ’lower’. An upper case character is a character that has the Unicode ’alphabetic’
property and whose Unicode name includes ’upper’. A title case character is a character that has
the Unicode ’alphabetic’ property and whose Unicode name includes ’title’.

<form-of-use conversion> is a function that invokes an installation-supplied form-of-use conversion
to return a character string S2 derived from a given character string S1. It is intended, though
not enforced by this part of ISO/IEC 9075, that S2 be exactly the same sequence of characters as
S1, but encoded according some different form-of-use. A typical use might be to convert a character
string from two-octet UCS to one-octet Latin1 or vice versa.

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

<character translation> is a function for changing each character of a given string according to
some many-to-one or one-to-one mapping between two not necessarily distinct character sets. The
mapping, rather than being specified as part of the function, is some external function identified by
a <translation name>.
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For any pair of character sets, there are zero or more translations that may be invoked by a
<character translation>. A translation is described by a translation descriptor. A translation
descriptor includes:

— The name of the translation,.

— The name of the character set from which it translates.

— The name of the character set to which it translates.

— An indication of how the translation is performed.

4.2.2.2 Other operators involving character strings

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

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

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

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

4.2.2.3 Operations involving large object character strings

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

— <null predicate>.

— <like predicate>.

— <similar predicate>.

— <position expression>.

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

— <quantified comparison predicate> with the <equals operator> or <not equals operator>.
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As a result of these restrictions, large object strings and large object string columns cannot be
referenced in (among other places):

— Predicates other than those listed above and the <exists predicate>.

— <general set function>.

— <group by clause>.

— <order by clause>.

— <unique constraint definition>.

— <referential constraint definition>.

— <select list> of a <query specification> that has a <set quantifier> of DISTINCT.

— UNION, INTERSECT, and EXCEPT.

— Columns used for matching when forming a <joined table>.

All the operations described within Subclause 4.2.2.1, ‘‘Operators that operate on character strings
and return character strings’’, and Subclause 4.2.2.2, ‘‘Other operators involving character strings’’,
are supported for large object character strings.

4.2.3 Rules determining collating sequence usage

The rules determining collating sequence usage for character strings are based on the following:

— Expressions where no columns are involved (e.g., literals, host variables) are by default com-
pared using the default collating sequence for their character repertoire.
NOTE 3 – The default collating sequence for a character repertoire is defined in Subclause 10.6,
‘‘<character set specification>’’, and Subclause 11.30, ‘‘<character set definition>’’.

— When one or more columns are involved (e.g., comparing two columns, or comparing a column to
a literal), then provided that all columns involved have the same default collating sequence and
there is no explicit specification of a collating sequence, that default collating sequence is used.

— When columns are involved having different default collating sequences, explicit specification of
the collating sequence in the expression is required via the <collate clause>.

— Any explicit specification of collating sequence in an expression overrides any default collating
sequence.

To formalize this, <character value expression>s effectively have a coercibility characteristic. This
characteristic has the values Coercible, Implicit, No collating sequence, and Explicit. <character
value expression>s with the Coercible, Implicit, or Explicit characteristics have a collating sequence.

A <character value expression> consisting of a column reference has the coercibility characteristic
Implicit, with collating sequence as defined when the column was created. A <character value
expression> consisting of a value other than a column (e.g., a host variable or a literal) has the
coercibility characteristic Coercible, with the default collation for its character repertoire. A <char-
acter value expression> simply containing a <collate clause> has the coercibility characteristic
Explicit, with the collating sequence specified in the <collate clause>.
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NOTE 4 – When the coercibility characteristic is Coercible, the collating sequence is uniquely determined as
specified in Subclause 8.2, ‘‘<comparison predicate>’’.

The tables below define how the collating sequence and the coercibility characteristic is determined
for the result of any monadic or dyadic operation. Table 1, ‘‘Collating coercibility rules for monadic
operators’’, shows the collating sequence and coercibility rules for monadic operators, and Table 2,
‘‘Collating coercibility rules for dyadic operators’’, shows the collating sequence and coercibility rules
for dyadic operators. Table 3, ‘‘Collating sequence usage for comparisons’’, shows how the collating
sequence is determined for a particular comparison.

Table 1—Collating coercibility rules for monadic operators

Operand Coercibility and Collating Sequence Result Coercibility and Collating Sequence

Coercibility Collating Sequence Coercibility Collating Sequence

Coercible default Coercible default

Implicit X Implicit X

Explicit X Explicit X

No collating sequence No collating sequence

Table 2—Collating coercibility rules for dyadic operators

Operand 1 Coercibility
and Collating Sequence

Operand 2 Coercibility
and Collating Sequence

Result Coercibility
and Collating Sequence

Coercibility
Collating
Sequence Coercibility

Collating
Sequence Coercibility

Collating
Sequence

Coercible default Coercible default Coercible default

Coercible default Implicit Y Implicit Y

Coercible default No collating sequence No collating sequence

Coercible default Explicit Y Explicit Y

Implicit X Coercible default Implicit X

Implicit X Implicit X Implicit X

Implicit X Implicit Y 6= X No collating sequence

Implicit X No collating sequence No collating sequence

Implicit X Explicit Y Explicit Y

No collating sequence Any, except
Explicit

Any No collating sequence

No collating sequence Explicit X Explicit X

Explicit X Coercible default Explicit X

Explicit X Implicit Y Explicit X

Explicit X No collating sequence Explicit X

Explicit X Explicit X Explicit X

Explicit X Explicit Y 6= X Not permitted: invalid syntax
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Table 3—Collating sequence usage for comparisons

Comparand 1 Coercibility
and Collating Sequence

Comparand 2 Coercibility
and Collating Sequence

Coercibility
Collating
Sequence Coercibility

Collating
Sequence

Collating Sequence
Used For The Comparison

Coercible default Coercible default default

Coercible default Implicit Y Y

Coercible default No collating sequence Not permitted: invalid syntax

Coercible default Explicit Y Y

Implicit X Coercible default X

Implicit X Implicit X X

Implicit X Implicit Y 6= X Not permitted: invalid syntax

Implicit X No collating sequence Not permitted: invalid syntax

Implicit X Explicit Y Y

No collating sequence Any except
Explicit

Any Not permitted: invalid syntax

No collating sequence Explicit X X

Explicit X Coercible default X

Explicit X Implicit Y X

Explicit X No collating sequence X

Explicit X Explicit X X

Explicit X Explicit Y 6= X Not permitted: invalid syntax

For n-adic operations (e.g., <case expression>) with operands X1, X2, . . . , Xn, the collating sequence
is effectively determined by considering X1 and X2, then combining this result with X3, and so on.

4.2.4 Named character sets

An SQL <character set specification> allows a reference to a character set name defined by a
standard, an implementation, or a user. The following SQL supported character set names are
specified as part of ISO/IEC 9075:

— SQL_CHARACTER specifies the name of a character repertoire that consists of the 88 <SQL
language character>s as specified in Subclause 5.1, ‘‘<SQL terminal character>’’. It consists
of the 52 uppercase and lowercase simple latin characters, 10 digits, and 26 <SQL special
character>s, including: <space>, <double quote>, <percent>, <ampersand>, <quote>, <left
paren>, <right paren>, <asterisk>, <plus sign>, <comma>, <minus sign>, <period>, <solidus>,
<colon>, <semicolon>, <less than operator>, <equals operator>, <greater than operator>, <ques-
tion mark>, <underscore>, <vertical bar>, <left bracket>, <right bracket>, <circumflex>, <left
brace>, and <right brace>. The 88 characters specified as <SQL language character>s are all
included in the ISO International Reference Version (IRV) characters specified in ISO 646:1991.
The characters in IRV are included in many other international character set definitions. In
addition, 82 of these characters (all except <vertical bar>, <left bracket>, <right bracket>, <cir-
cumflex>, <left brace>, and <right brace>) are in the most stable subset of IRV that, by ISO
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convention, is included in every latin-based ISO standard set of characters. As far as can be
determined, <vertical bar>, <left bracket>, <right bracket>, <circumflex>, <left brace>, and
<right brace> are included in most character sets that enjoy world-wide use. Thus, the SQL_
CHARACTER repertoire is the most universal of the character sets named herein. The collation
and form-of-use of SQL_CHARACTER is implementation-defined.

— GRAPHIC_IRV (or ASCII_GRAPHIC) specifies the name of a character repertoire that consists
of the 95-character graphic subset of the International Reference Version (IRV) as specified in
ISO 646:1991. The form-of-use is that corresponding to the coded representation of each char-
acter by a single byte (possibly 7-bit, 8-bit, or other), with no designation escape sequences for
other character sets. The default collating sequence is that corresponding to the bit combina-
tions defined by ISO 646:1991. The GRAPHIC_IRV character set is a superset of the <SQL
language character>s. The 7 characters included in GRAPHIC_IRV that are not <SQL language
character>s are, in collation order: Exclamation mark (!), Number sign (#), Dollar sign ($),
Commercial at (@), Reverse solidus (\), Grave accent (‘), and Tilde (~). Of these 7 characters,
only ‘‘!’’ is in the most stable subset of ISO 646, whereas ‘‘#’’ competes with the British pound
sign, ‘‘$’’ competes with the international currency symbol, and the others occupy positions in
ISO 646 that are reserved for national or application-oriented use. However, all are the default
IRV values specified in ISO 646 when no national or application-specific version is explicitly
specified.

— LATIN1 specifies the name of a character repertoire that consists of the 191 graphic characters
defined in ISO 8859-1. The form-of-use is that corresponding to the coded representation of
each character by a single 8-bit byte, with no designation escape sequences for other character
sets. The default collating sequence is that corresponding to the bit combinations defined by
ISO 8859-1. The LATIN1 character set is a superset of GRAPHIC_IRV and, when restricted
to the GRAPHIC_IRV characters, produces the same collation as GRAPHIC_IRV. LATIN1
consists of all characters commonly used in the following languages: Danish, Dutch, English,
Faeroese, Finnish, French, German, Icelandic, Irish, Italian, Norwegian, Portuguese, Spanish,
and Swedish. It also includes the following special symbols, in collation order: No-break space,
Inverted exclamation mark (¡), Cent sign (¢), Pound sign (£), Currency sign (¤), Yen sign (¥),
Broken bar (¦), Paragraph sign (¶), Diaeresis (¨), Copyright sign ((c)), Feminine ordinal indicator
(ª), Left angle quotation mark («), Not sign (¬), Soft hyphen, Registered trade mark sign ((r)),
Macron (¯), Degree sign (°), Plus-minus sign (±), Superscript two (²), Superscript three (³), Acute
accent (´), Micro sign (µ), Pilcrow sign, Middle dot (·), Cedilla (¸), Superscript one (¹), Masculine
ordinal indicator (º), Right angle quotation mark (»), Fraction one quarter (1/4), Fraction one half
(1/2), Fraction three quarters (3/4), and Inverted question mark (¿). Other characters include the
Multiplication sign and the Division sign. In LATIN1, all GRAPHIC_IRV characters precede the
non-GRAPHIC_IRV characters in the default collation, followed by the special symbols, followed
by the accented capital letters, followed by the accented small letters. The Multiplication sign
(×) is in the middle of the accented capital letters and the Division sign (÷) is in the middle of
the accented small letters.

— LATIN1 is subject to the following conformance requirements, as specified in Clause 3,
"Conformance", of ISO 8859-1:

• A set of graphic characters is in conformance with ISO 8859-1 if it comprises all graphic
characters specified therein to the exclusion of any other and if their coded representations
are those specified by ISO 8859-1.

• Equipment claimed to implement ISO 8859-1 shall implement all 191 characters.
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— ISO8BIT (or ASCII_FULL) specifies the name of a character repertoire that consists of all 255
characters, each consisting of exactly 8 bits, as specified in ISO 4873 and ISO 8859-1, including
all control characters and all graphic characters except the character corresponding to the
numeric value 0 (zero). The form-of-use is that corresponding to the coded representation of
each character by a single 8-bit byte, with no designation escape sequences for other character
sets. The default collating sequence is that corresponding to the bit combinations defined. The
ISO8BIT character set is a superset of LATIN1 and, when restricted to the LATIN1 characters,
produces the same collation and form-of-use.

— UTF16 and ISO10646 specify the name of a character repertoire that consists of every character
represented by The Unicode Standard Version 2.0 and by ISO/IEC 10646 UTF-16, where each
character is encoded using the UTF-16 encoding, occupying either 1 (one) or 2 octets.

— UTF8 specifies the name of a character repertoire that consists of every character represented
by The Unicode Standard Version 2.0 and by ISO/IEC 10646 UTF-8, where each character is
encoded using the UTF-8 encoding, occupying from 1 (one) through 6 octets.

— UCS2 specifies the name of a character repertoire that consists of every character represented
by The Unicode Standard Version 2.0 and by ISO/IEC 10646 UCS2, where each character is
encoded using the UCS2 encoding, in which each character occupies exactly 2 octets.

— SQL_TEXT specifies the name of a character repertoire that includes the <SQL language char-
acter>s and all other characters that are in character sets supported by the implementation.
The SQL_TEXT character set is a superset of SQL_CHARACTER. The collation and form-of-use
of SQL_TEXT is implementation-defined.

— SQL_IDENTIFIER specifies the name of a character repertoire that includes the <SQL lan-
guage character>s and all other characters that the SQL-implementation supports for use in
<regular identifier>s, which is the same as the repertoire that the SQL-implementation sup-
ports for use in <delimited identifier>s. The SQL_IDENTIFIER character set is a superset of
SQL_CHARACTER but may be a subset of SQL_TEXT. The collation and form-of-use of SQL_
IDENTIFIER is implementation-defined.

— The character sets SQL_CHARACTER, GRAPHIC_IRV (or ASCII_GRAPHIC), LATIN1,
ISO8BIT (or ASCII_FULL), and UNICODE (or ISO10646) have both a ‘‘floor’’ and ‘‘ceiling’’
requirement to consist of exactly the characters specified. Any character data type associated
with one of these character sets has an implied integrity constraint limiting a value of the
data type to be a character string consisting only of characters from the specified character set.
The SQL_TEXT and SQL_IDENTIFIER character sets have a similar ‘‘floor’’ requirement in
that they must contain all characters that are in other character sets supported by the imple-
mentation (for SQL-data and for <identifier>s, respectively); however, SQL_TEXT and SQL_
IDENTIFIER do not have a ‘‘ceiling’’ requirement.

4.3 Binary strings

A binary string is a sequence of octets that does not have either a character set or collation associ-
ated with it.

A binary data type is described by a binary data type descriptor. A binary data type descriptor
contains:

— The name of the data type (BINARY LARGE OBJECT).
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— The maximum length of the binary string data type (in octets).

4.3.1 Binary string comparison

All binary strings are mutually comparable. A binary string is identical to another binary string
if and only if it is equal to that binary string in accordance with the comparison rules specified in
Subclause 8.2, ‘‘<comparison predicate>’’.

4.3.2 Operations involving binary strings

4.3.2.1 Operators that operate on binary strings and return binary strings

<blob concatenation> is an operator, k, that returns a binary string by joining its binary string
operands in the order given.

<blob substring function> is a triadic function identical in syntax and semantics to <character
substring function> except that the returned value is a binary string.

<blob overlay function> is a function identical in syntax and semantics to <character overlay func-
tion> except that the first argument, second argument, and returned value are all binary strings.

<trim function> when applied to binary strings is identical in syntax (apart from the default <trim
character>) and semantics to the corresponding operation on character strings except that the
returned value is a binary string.

4.3.2.2 Other operators involving binary strings

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

<position expression> when applied to binary strings is identical in syntax and semantics to the
corresponding operation on character strings except that the operands are binary strings.

<like predicate> when applied to binary strings is identical in syntax and semantics to the corre-
sponding operation on character strings except that the operands are binary strings.

4.4 Bit strings

A bit string is a sequence of bits, each having the value of 0 (zero) or 1 (one). A bit string has a
length, which is the number of bits in the string. The length is 0 (zero) or a positive integer.

A bit string data type is described by a bit string data type descriptor. A bit string data type
descriptor contains:

— The name of the specific bit string data type (BIT or BIT VARYING).

— The length of the bit string data type (in bits).
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4.4.1 Bit string comparison and assignment

All bit strings are mutually comparable. A bit string is identical to another bit string if and only
if it is equal to that bit string in accordance with the comparison rules specified in Subclause 8.2,
‘‘<comparison predicate>’’.

4.4.2 Operations involving bit strings

4.4.2.1 Operators that operate on bit strings and return bit strings

<bit concatenation> is an operator, k, that returns the bit string made by concatenating the two bit
string operands in the order given.

<bit substring function> is a triadic function identical in syntax and semantics to <character sub-
string function> except that the first argument and the returned value are both bit strings.

4.4.2.2 Other operators involving bit strings

<length expression> returns the length (as an integer number of octets or bits according to the
choice of function) of a given bit string.

<position expression> determines the first position, if any, at which one string, S1, occurs within
another, S2. If S1 is of length zero, then it occurs at position 1 (one) for any value of S2. If S1 does
not occur in S2, then zero is returned.

4.5 Numbers

A number is either an exact numeric value or an approximate numeric value. Any two numbers are
mutually comparable to each other.

A numeric data type is described by a numeric data type descriptor. A numeric data type descriptor
contains:

— The name of the specific numeric data type (NUMERIC, DECIMAL, INTEGER, SMALLINT,
FLOAT, REAL, or DOUBLE PRECISION).

— The precision of the numeric data type.

— The scale of the numeric data type, if it is an exact numeric data type.

— An indication of whether the precision (and scale) are expressed in decimal or binary terms.

A value described by a numeric data type descriptor is always signed.

4.5.1 Characteristics of numbers

An exact numeric value has a precision and a scale. The precision is a positive integer that de-
termines the number of significant digits in a particular radix (binary or decimal). The scale is a
non-negative integer. A scale of 0 (zero) indicates that the number is an integer. For a scale of S,
the exact numeric value is the integer value of the significant digits multiplied by 10�S .
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An approximate numeric value consists of a mantissa and an exponent. The mantissa is a signed
numeric value, and the exponent is a signed integer that specifies the magnitude of the mantissa.
An approximate numeric value has a precision. The precision is a positive integer that specifies the
number of significant binary digits in the mantissa. The value of an approximate numeric value is
the mantissa multiplied by 10x, where x is the exponent.

Whenever an exact or approximate numeric value is assigned to an exact numeric value site, an
approximation of its value that preserves leading significant digits after rounding or truncating is
represented in the declared type of the target. The value is converted to have the precision and
scale of the target. The choice of whether to truncate or round is implementation-defined.

An approximation obtained by truncation of a numeric value N for an <exact numeric type> T is a
value V in T such that N is not closer to zero than is V and there is no value in T between V and N.

An approximation obtained by rounding of a numeric value N for an <exact numeric type> T is a
value V in T such that the absolute value of the difference between N and the numeric value of V is
not greater than half the absolute value of the difference between two successive numeric values in
T. If there is more than one such value V, then it is implementation-defined which one is taken.

All numeric values between the smallest and the largest value, inclusive, in a given exact numeric
type have an approximation obtained by rounding or truncation for that type; it is implementation-
defined which other numeric values have such approximations.

An approximation obtained by truncation or rounding of a numeric value N for an <approximate
numeric type> T is a value V in T such that there is no numeric value in T and distinct from that
of V that lies between the numeric value of V and N, inclusive.

If there is more than one such value V then it is implementation-defined which one is taken. It
is implementation-defined which numeric values have approximations obtained by rounding or
truncation for a given approximate numeric type.

Whenever an exact or approximate numeric value is assigned to an approximate numeric value
site, an approximation of its value is represented in the declared type of the target. The value is
converted to have the precision of the target.

Operations on numbers are performed according to the normal rules of arithmetic, within
implementation-defined limits, except as provided for in Subclause 6.26, ‘‘<numeric value expres-
sion>’’.

4.5.2 Operations involving numbers

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

— <position expression> (see Subclause 4.2.2, ‘‘Operations involving character strings’’, and
Subclause 4.4.2, ‘‘Operations involving bit strings’’) takes two strings as arguments and returns
an integer.

— <length expression> (see Subclause 4.2.2, ‘‘Operations involving character strings’’, and
Subclause 4.4.2, ‘‘Operations involving bit strings’’) operates on a string argument and returns
an integer.

— <extract expression> (see Subclause 4.7.3, ‘‘Operations involving datetimes and intervals’’)
operates on a datetime or interval argument and returns an integer.

— <cardinality expression> (see Subclause 4.11.3, ‘‘Operations involving collections’’) operates on a
collection argument and returns an integer.
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— <absolute value expression> operates on a numeric argument and returns its absolute value in
the same most specific type.

— <modulus expression> operates on two exact numeric arguments with scale 0 (zero) and returns
the modulus (remainder) of the first argument divided by the second argument as an exact
numeric with scale 0 (zero).

4.6 Boolean types

The data type boolean comprises the distinct truth values true and false . Unless prohibited by a
NOT NULL constraint, the boolean data type also supports the unknown truth value as the null
value. This specification does not make a distinction between the null value of the boolean data
type and the unknown truth value that is the result of an SQL <predicate>, <search condition>, or
<boolean value expression>; they may be used interchangeably to mean exactly the same thing.

The boolean data type is described by the boolean data type descriptor. The boolean data type
descriptor contains:

— The name of the boolean data type (BOOLEAN).

4.6.1 Comparison and assignment of booleans

All boolean data type values and SQL truth values are mutually comparable and assignable. The
value true is greater than the value false , and any comparison involving the null value or an
unknown truth value will return an unknown result. The values true and false may be assigned
to any site having a boolean data type; assignment of unknown , or the null value, is subject to the
nullability characteristic of the target.

4.6.2 Operations involving booleans

4.6.2.1 Operations on booleans that return booleans

The monadic boolean operator NOT and the dyadic boolean operators AND and OR take boolean
operands and produce a boolean result (see Table 13, ‘‘Truth table for the AND boolean operator’’,
and Table 14, ‘‘Truth table for the OR boolean operator’’).

4.6.2.2 Other operators involving booleans

Every SQL <predicate>, <search condition>, and <boolean value expression> may be considered as
an operator that returns a boolean result.

4.7 Datetimes and intervals

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

A datetime data type descriptor contains:

— The name of the specific datetime data type (DATE, TIME WITHOUT TIME ZONE, TIMESTAMP
WITHOUT TIME ZONE, TIME WITH TIME ZONE, or TIMESTAMP WITH TIME ZONE).
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— The value of the <time fractional seconds precision>, if it is a TIME WITHOUT TIME ZONE,
TIMESTAMP WITHOUT TIME ZONE, TIME WITH TIME ZONE, or TIMESTAMP WITH
TIME ZONE type.

An interval data type descriptor contains:

— The name of the interval data type (INTERVAL).

— An indication of whether the interval data type is a year-month interval or a day-time interval.

— The <interval qualifier> that describes the precision of the interval data type.

A value described by an interval data type descriptor is always signed.

Every datetime or interval data type has an implied length in positions. Let D denote a value in
some datetime or interval data type DT. The length in positions of DT is constant for all D. The
length in positions is the number of characters from the character set SQL_TEXT that it would take
to represent any value in a given datetime or interval data type.

An approximation obtained by rounding of a datetime or interval value D for a <datetime type>
or <interval type> T is a value V in T such that the absolute value of the difference between D
and the numeric value of V is not greater than half the absolute value of the difference between
two successive datetime or interval values in T. If there is more than one such value V, then it is
implementation-defined which one is taken.

4.7.1 Datetimes

Table 4, ‘‘Fields in datetime values’’, specifies the fields that can make up a datetime value; a
datetime value is made up of a subset of those fields. Not all of the fields shown are required to be
in the subset, but every field that appears in the table between the first included primary field and
the last included primary field shall also be included. If either timezone field is in the subset, then
both of them shall be included.

Table 4—Fields in datetime values

Keyword Meaning

Primary datetime fields

YEAR Year

MONTH Month within year

DAY Day within month

HOUR Hour within day

MINUTE Minute within hour

SECOND Second and possibly fraction of a second within minute

Timezone datetime fields

TIMEZONE_HOUR Hour value of time zone displacement

TIMEZONE_MINUTE Minute value of time zone displacement

There is an ordering of the significance of <primary datetime field>s. This is, from most significant
to least significant: YEAR, MONTH, DAY, HOUR, MINUTE, and SECOND.
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The <primary datetime field>s other than SECOND contain non-negative integer values, con-
strained by the natural rules for dates using the Gregorian calendar. SECOND, however, can be
defined to have a <time fractional seconds precision> that indicates the number of decimal digits
maintained following the decimal point in the seconds value, a non-negative exact numeric value.

There are three classes of datetime data types defined within this part of ISO/IEC 9075:

— DATE — contains the <primary datetime field>s YEAR, MONTH, and DAY.

— TIME — contains the <primary datetime field>s HOUR, MINUTE, and SECOND.

— TIMESTAMP — contains the <primary datetime field>s YEAR, MONTH, DAY, HOUR,
MINUTE, and SECOND.

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

A datetime data type that specifies WITH TIME ZONE is a data type that is datetime with time
zone, while a datetime data type that specifies WITHOUT TIME ZONE is a data type that is
datetime without time zone.

The surface of the earth is divided into zones, called time zones, in which every correct clock tells
the same time, known as local time. Local time is equal to UTC (Coördinated Universal Time) plus
the time zone displacement, which is an interval value that ranges between INTERVAL�’12:59’
HOUR TO MINUTE and INTERVAL +’13:00’ HOUR TO MINUTE. The time zone displacement
is constant throughout a time zone, changing at the beginning and end of Daylight Time, where
applicable.

A datetime value, of data type TIME WITHOUT TIME ZONE or TIMESTAMP WITHOUT TIME
ZONE, may represent a local time, whereas a datetime value of data type TIME WITH TIME ZONE
or TIMESTAMP WITH TIME ZONE represents UTC. On occasion, UTC is adjusted by the omission
of a second or the insertion of a ‘‘leap second’’ in order to maintain synchronization with sidereal
time. This implies that sometimes, but very rarely, a particular minute will contain exactly 59, 61,
or 62 seconds. Whether an SQL-implementation supports leap seconds, and the consequences of
such support for date and interval arithmetic, is implementation-defined.

For the convenience of users, whenever a datetime value with time zone is to be implicitly derived
from one without (for example, in a simple assignment operation), SQL assumes the value without
time zone to be local, subtracts the default SQL-session time zone displacement from it to give UTC,
and associates that time zone displacement with the result.

Conversely, whenever a datetime value without time zone is to be implicitly derived from one with,
SQL assumes the value with time zone to be UTC, adds the time zone displacement to it to give
local time, and the result, without any time zone displacement, is local.

The preceding principles, as implemented by <cast specification>, result in data type conversions be-
tween the various datetime data types, as summarized in Table 5, ‘‘Datetime data type conversions’’.
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Table 5—Datetime data type conversions

to DATE

to TIME
WITHOUT
TIME
ZONE

to TIME
WITH
TIME
ZONE

to TIMESTAMP
WITHOUT
TIME ZONE

to TIMESTAMP
WITH TIME
ZONE

from DATE trivial not sup-
ported

not sup-
ported

Copy year,
month, and
day; set hour,
minute, and
second to 0
(zero)

SV ) TSw/oTZ

) TSw/TZ

from TIME
WITHOUT
TIME
ZONE

not sup-
ported

trivial TV.UTC =
SV � STZD
(modulo 24);
TV.TZ =
STZD

Copy date
fields from
CURRENT_
DATE and time
fields from TZ

SV ) TSw/oTZ

) TSw/TZ

from TIME
WITH
TIME
ZONE

not sup-
ported

SV.UTC +
SV.TZ
(module 24)

trivial SV ) TSw/oTZ
) TSw/TZ

Copy date
fields from
CURRENT_
DATE and time
and time zone
fields from SV

from
TIMESTAMP
WITHOUT
TIME
ZONE

Copy date
fields from
SV

Copy time
fields from
TZ

SV )
TSw/TZ

) TSw/oTZ

trivial TV.UTC = SV
� STZD;
TV.TZ = STZD

from
TIMESTAMP
WITH
TIME
ZONE

SV )
TSw/oTZ

) DATE

SV )
TSw/oTZ

) TIMEw/oTZ

Copy time
and time
zone fields
from SV

SV.UTC +
SV.TZ

trivial

4.7.2 Intervals

There are two classes of intervals. One class, called year-month intervals, has an express or implied
datetime precision that includes no fields other than YEAR and MONTH, though not both are
required. The other class, called day-time intervals, has an express or implied interval precision
that can include any fields other than YEAR or MONTH.

Table 6, ‘‘Fields in year-month INTERVAL values’’, specifies the fields that make up a year-month
interval. A year-month interval is made up of a contiguous subset of those fields.

Table 6—Fields in year-month INTERVAL values

Keyword Meaning

YEAR Years

MONTH Months
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Table 7, ‘‘Fields in day-time INTERVAL values’’, specifies the fields that make up a day-time inter-
val. A day-time interval is made up of a contiguous subset of those fields.

Table 7—Fields in day-time INTERVAL values

Keyword Meaning

DAY Days

HOUR Hours

MINUTE Minutes

SECOND Seconds and possibly fractions of a second

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

Within a value of type interval, the first field is constrained only by the <interval leading field
precision> of the associated <interval qualifier>. Table 8, ‘‘Valid values for fields in INTERVAL
values’’, specifies the constraints on subsequent field values.

Table 8—Valid values for fields in INTERVAL values

Keyword Valid values of INTERVAL fields

YEAR Unconstrained except by <interval leading field precision>

MONTH Months (within years) (0-11)

DAY Unconstrained except by <interval leading field precision>

HOUR Hours (within days) (0-23)

MINUTE Minutes (within hours) (0-59)

SECOND Seconds (within minutes) (0-59.999...)

Values in interval fields other than SECOND are integers and have precision 2 when not the first
field. SECOND, however, can be defined to have an <interval fractional seconds precision> that
indicates the number of decimal digits maintained following the decimal point in the seconds value.
When not the first field, SECOND has a precision of 2 places before the decimal point.

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

Year-month intervals are mutually comparable only with other year-month intervals. If two year-
month intervals have different interval precisions, they are, for the purpose of any operations
between them, effectively converted to the same precision by appending new <primary datetime
field>s to either the most significant end of one interval, the least significant end of one interval, or
both. New least significant <primary datetime field>s are assigned a value of 0 (zero). When it is
necessary to add new most significant datetime fields, the associated value is effectively converted
to the new precision in a manner obeying the natural rules for dates and times associated with the
Gregorian calendar.
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Day-time intervals are mutually comparable only with other day-time intervals. If two day-time
intervals have different interval precisions, they are, for the purpose of any operations between
them, effectively converted to the same precision by appending new <primary datetime field>s
to either the most significant end of one interval or the least significant end of one interval, or
both. New least significant <primary datetime field>s are assigned a value of 0 (zero). When it is
necessary to add new most significant datetime fields, the associated value is effectively converted
to the new precision in a manner obeying the natural rules for dates and times associated with the
Gregorian calendar.

4.7.3 Operations involving datetimes and intervals

Table 9, ‘‘Valid operators involving datetimes and intervals’’, specifies the declared types of arith-
metic expressions involving datetime and interval operands.

Table 9—Valid operators involving datetimes and intervals

Operand 1 Operator Operand 2 Result Type

Datetime � Datetime Interval

Datetime + or � Interval Datetime

Interval + Datetime Datetime

Interval + or � Interval Interval

Interval � or = Numeric Interval

Numeric � Interval Interval

Arithmetic operations involving values of type datetime or interval obey the natural rules associ-
ated with dates and times and yield valid datetime or interval results according to the Gregorian
calendar.

Operations involving values of type datetime require that the datetime values be mutually com-
parable. Operations involving values of type interval require that the interval values be mutually
comparable.

Operations involving a datetime and an interval preserve the time zone of the datetime operand. If
the datetime operand does not include a time zone part, then the local time zone is effectively used.

<overlaps predicate> uses the operator OVERLAPS to determine whether or not two chronological
periods overlap in time. A chronological period is specified either as a pair of datetimes (starting
and ending) or as a starting datetime and an interval.

<extract expression> operates on a datetime or interval and returns an exact numeric value repre-
senting the value of one component of the datetime or interval.

<interval absolute value expression> operates on an interval argument and returns its absolute
value in the same most specific type.
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4.8 User-defined types

A user-defined type is a schema object, identified by a <user-defined type name>. The definition
of a user-defined type specifies a number of components, including in particular a list of attribute
definitions. Although the attribute definitions are said to define the representation of the user-
defined type, in fact they implicitly define certain functions (observers and mutators) that are part
of the interface of the user-defined type; physical representations of user-defined type values are
implementation-dependent.

The representation of a user-defined type is expressed either as a single data type (some predefined
data type, called the source type), in which case the user-defined type is said to be a distinct type, or
as a list of attribute definitions, in which case it is said to be a structured type.

The definition of a user-defined type may include a <method specification list> consisting of one or
more <method specification>s. A <method specification> is either an <original method specification>
or an <overriding method specification>. Each <original method specification> specifies the <method
name>, the <specific name>, the <SQL parameter declaration list>, the <returns data type>, the
<result cast from type> (if any), the <transform group specification> (if any), whether the method is
type-preserving, the <language clause>, the <parameter style> if the language is not SQL, whether
STATIC is specified, whether the method is deterministic, to what extent the method accesses SQL
(possibly writes SQL data, possibly reads SQL data, possibly contains SQL, or does not possibly
contain SQL), and whether the method should be evaluated as NULL whenever any argument is
NULL, without actually invoking the method.

Each <overriding method specification> specifies the <method name>, the <specific name>, the
<SQL parameter declaration list> and the <returns data type>. For each <overriding method
specification>, there must be an <original method specification> with the same <method name>
and <SQL parameter declaration list> in some proper supertype of the user-defined type. Every
SQL-invoked method in a schema must correspond to exactly one <original method specification> or
<overriding method specification> associated with some user-defined type existing in that schema.

A method M that corresponds to an <original method specification> in the definition of a structured
type T1 is an original method of T1. A method M that corresponds to an <overriding method
specification> in the definition of T1 is an overriding method of T1.

A method M is a method of type T1 if one of the following holds:

— M is an original method of T1.

— M is an overriding method of T1.

— There is a proper supertype T2 of T1 such that M is an original or overriding method of T2
and such that there is no method M3 such that M3 has the same <method name> and <SQL
parameter declaration list> as M and M3 is an original method or overriding method of a type
T3 such that T2 is a proper supertype of T3 and T3 is a supertype of T1.

If T1 is a subtype of T2 and M1 is a method of T1 such that there exists a method M2 of T2 such
that M1 and M2 have the same <method name> and the same unaugmented <SQL parameter
declaration list>, then M1 is an inherited method of T1 from T2.

A user-defined type is described by a user-defined type descriptor. A user-defined type descriptor
contains:

— The name of the user-defined type. This is the type designator of that type, used in type prece-
dence lists (see Subclause 9.5, ‘‘Type precedence list determination’’).
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