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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
establish i izati i i i i Vi

technical gommittees collaborate in fields of mutual interest. Other international organizations, governmenta
vernmental, in liaison with ISO and IEC, also take part in the work. In the field of information

, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

International Standards are drafted in accordance with the rules given in the ISO/IEC DirectivesPart 2.
The main fask of the joint technical committee is to prepare International Standards. DraftInternational
Standardd adopted by the joint technical committee are circulated to national bodies fof¥6ting. Publication g
an International Standard requires approval by at least 75 % of the national bodies easting a vote.

[

Attention iis drawn to the possibility that some of the elements of this document.may be the subject of patent
rights. ISQ and IEC shall not be held responsible for identifying any or all such_patent rights.

ISO/IEC 1|1404 was prepared by Joint Technical Committee ISO/IEC JTCA, Information technology,
Subcommiittee SC 22, Programming languages, their environments and' system software interfaces.

This secopd edition cancels and replaces the first edition (ISO/IEC 11404:1996), which has been technically
revised.

Vi © ISO/IEC 2007 — All rights reserved
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Introduction

0.1 Introduction to the second edition

This second edition of ISO/IEC 11404 mcorporates recent technologles and |mprovements since the first

H PN /IQf\III:f‘ 44/1!\/1 1(1(1[2\ 'I'l«nF 1PN nic ha boaon in

dition.

e

ratad inta tha nd
o (1O O < |u||uvv|||3 |||||J|Vvv|||u||Lo Rave-BeeRHEor PVIULUU Htothe-Seeoha

Title change to reflect actual usage. The use of ISO/IEC 11404 is no longer simply a tool for
communicating among programming languages (old title: Language-independent datatypes).
ISO/IEC 11404 is used for formal description of conceptual datatypes in binding (or hinding-inde
standards and used as formalization of metadata for data elements, data element,concepts, and
domains (see ISO/IEC 11179-3). The old title was potentially misleading because readers might
that ISO/IEC 11404 is only useful for programming languages. The new title, General-Purpose [
captures the essence of ISO/IEC 11404 and its use.

Incorporation of latest technologies. Provide enhancements to the use-@f 1ISO/IEC 11404 as a d3
nomenclature reference for current programming languages, interface languages and data repre
languages, specifically Java, IDL, Express, and XML.

Support for semi-structured and unstructured data aggregates! Semi-structured data and unstru
data includes aggregates where datatyping and navigation. may be unknown or unspecified in aqg
For example, some systems permit “discovery” (or “introspection”) of data. In some cases, the d
may be unknown in advance (e.g. at compilation time), but may be discovered and processed af
(e.g. via datatype libraries or metadata registries):

Support for data longevity, versioning, and migration. There is a need to support, from a datatyp
perspective, obsolete and reserved features, such as data elements and permissible values
(enumerations and states). Marking features as “obsolete” allows processing, compilation, and r

pendent)
value
believe
atatypes

tatype
sentation

ctured
vance.

htatype
runtime

ng

intime

systems to “flag” or diagnose old (deprecated) features, while still maintaining compatibility, so that it is

possible to support transitions from/past to present. Similarly, marking features as “reserved” all
processing, compilation, and runtime systems to “flag” or diagnose potential incompatibilities witl
systems, so that it is possible\to support transitions from present to future.

Extensibility of datatypes-and value spaces. There is a need to support some kind of extensibility

DWS
h future

concept.

For example: (1) a-GPD specification of an aggregate contains the elements A and B. (2) An application

creates an aggregate with the elements A, B, and C. (3) Are the application's “extensions” of the|
aggregate aceeptable/in conformity with the GPD specification in (1)? The answer to (3) is depe
upon the inteht’and design of the specification in (1): in some cases extensions are permitted, in

ndent
some

cases extensions are not permitted. The extensibility concept would allow the user of GPD datatypes to

describe.the kind of extensions permitted. This feature is particularly important in (a) data confor
andi(b) application runtime environments that permit “discovery” or “introspection”. This feature i
available via the “provision()” capability.

mance
5

Features that are not incorporated within GPD include the following:

— Namespace capability. Given the larger number of declarations, a namespace capability is necessary.

— Data representation. Although these features are a part of GPD annotations, there is no standardization of

©l

data representation in these annotations. This step is an important link for data interoperability.

SO/IEC 2007 — Al rights reserved
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0.2 Introduction to the first edition (ISO/IEC 11404:1996)

Many specifications of software services and applications libraries are, or are in the process of becoming,

International Standards. The interfaces to these libraries are often described by defining the form of reference,

e.g. the “procedure call”, to each of the separate functions or services in the library, as it must appear in a
user program written in some standard programming language (Fortran, COBOL, Pascal, etc.). Such an
interface specification is commonly referred to as the “<language> binding of <service>", e.g. the “Fortran
binding of PHIGS” (ISO/IEC 9593-1:1990, Information processing systems — Computer graphics —
Programmer’s Hierarchical Interactive Graphics System (PHIGS) language bindings — Part 1: FORTRAN).

This appr
requires the standardization of the interface bindings to every standard programming language whose users
might reagonably be expected to use the service, and the standardization of a new programming lang@age
immediatgly requires the standardization of the interface binding to every standard service package which
users of that language might reasonably be expected to use. To avoid this n-to-m binding problem,

ISO/IEC J[TC 1, Information technology assigned to SC 22 the task of developing an International Standard
language-ndependent procedure calling and a parallel International Standard for language-independent
datatypes| which could be used to describe the parameters to such procedures.

This Interpational Standard provides the specification for the language-independent datatypes. It defines a s
of datatypps, independent of any particular programming language specification.6rimplementation, that is ri
enough sg that any common datatype in a standard programming language or‘service package can be
mapped t¢ some datatype in the set.

The purpdse of this International Standard is to facilitate commonality and’interchange of datatype notions, at

the conceptual level, among different languages and language-relatéd.entities. Each datatype specified in th
International Standard has a certain basic set of properties sufficient'to set it apart from the others and to
facilitate igentification of the corresponding (or nearest corresponding) datatype to be found in other
standards| Hence, this International Standard provides a single’common reference model for all standards
which use|the concept datatype. It is expected that each proegramming language standard will define a
mapping ffom the datatypes supported by that programming language into the datatypes specified herein,
semanticdlly identifying its datatypes with datatypes of, the reference model, and thereby with corresponding
datatypes|in other programming languages.

It is furthel expected that each programminglanguage standard will define a mapping from those language-
independent (LI) datatypes which that language can reasonably support into datatypes which may be

of such sdrvice bindings and language mappings leads, in cooperation with the parallel language-independe
procedurg calling mechanism;\to a situation in which no further “<language> binding of <service>" documen
need to bg produced: Each\service interface, by defining its parameters using LI datatypes, effectively defing
the binding of such parameéters to any standard programming language; and each language, by its mapping
from the Ul datatypes, into the language datatypes, effectively defines the binding to that language of
parametefs to anyof-the standard services.

for

et

Ch

is

S
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(od0] o] )

THis International Standard specifies the nomenclature and shared semantics for a collection-of datdtypes
monly occurring in programming languages and software interfaces, referred to as theGeneral-Purpose
Datatypes (GPD). It specifies both primitive datatypes, in the sense of being defined ab jhitio without reference
tojother datatypes, and non-primitive datatypes, in the sense of being wholly or partly defined in terms of other
datatypes. The specification of datatypes in this International Standard is “general-purpose” in the s¢nse that
the datatypes specified are classes of datatype of which the actual datatypes used_ in programming languages
and other entities requiring the concept “datatype” are particular instances. These datatypes are general in
ure; thus, they serve a wide variety of information processing applications.

THis International Standard expressly distinguishes three notions of datatype:

— the conceptual, or abstract, notion of a datatype, which characterizes the datatype by its nomina] values
and properties;

— the structural notion of a datatype, which characterizes‘\the datatype as a conceptual organization of
specific component datatypes with specific functionalities; and

— the implementation notion of a datatype, which,characterizes the datatype by defining the rules for
representation of the datatype in a given environment.

THis International Standard defines the abstract notions of many commonly used primitive and non-grimitive
datatypes which possess the structuralnetion of atomicity. This International Standard does not define all
atpmic datatypes; it defines only those which are common in programming languages and software interfaces.
THis International Standard defines structural notions for the specification of other non-primitive datafypes,
and provides a means by whigh,datatypes not defined herein can be defined structurally in terms of the GPDs
defined herein.

THis International Standard defines a partial terminology for implementation notions of datatypes and provides
for the use of this tefminology in the definition of datatypes. The primary purpose of this terminology|is to
identify common.implementation notions associated with datatypes and to distinguish them from conceptual
ngtions.

THis International Standard specifies the required elements of mappings between the GPDs and the|datatypes
of|some\6ther language. This International Standard does not specify the precise form of a mapping| but
rather.the required information content of a mapping.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO/IEC 8601, Data elements and interchange formats — Information interchange — Representation of dates
and times

ISO/IEC 8824 (all parts), Information technology — Abstract Syntax Notation One (ASN.1)

© ISO/IEC 2007 — All rights reserved 1
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ISO/IEC 10646, Information technology — Universal Multiple-Octet Coded Character Set (UCS)
ISO/IEC 14977, Information technology — Syntactic metalanguage — Extended BNF

IETF RFC 2396, Uniform Resource Identifiers (URI): Generic Syntax

3 Terms and definitions

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

NOTE These definitions might not coincide with accepted mathematical or programming language definitions 6f\the
same terms.

31
actual parametric datatype

datatype appearing as a parametric datatype in a use of a datatype generator, in contrast to the formal-
parametri¢-types appearing in the definition of the datatype generator

3.2
actual pafametric value
value appgaring as a parametric value in a reference to a datatype family or datatype generator, in contrast fo
the formalFparametric-values appearing in the corresponding definitions

3.3
aggregaté datatype
generated datatype each of whose values is made up of values of the component datatypes, in the sense that
operationg on all component values are meaningful

3.4
annotatign
descripti\;l information unit attached to a datatype, ot.a component of a datatype, or a procedure (value), to
characterige some aspect of the representations,wariables, or operations associated with values of the
datatype

3.5
approximate

property of a datatype indicating that there is not a 1-to-1 relationship between values of the conceptual
datatype and the values of a valid~computational model of the datatype

3.6
bounded
property of a datatype,.méeaning both bounded above and bounded below

3.7

bounded jabove

property of a-datatype indicating that there is a value U in the value space such that, for all values s in the
value spaCe, 33U

3.8

bounded below

property of a datatype indicating that there is a value L in the value space such that, for all values s in the
value space, s> L

2 © ISO/IEC 2007 — All rights reserved
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3.9

characterizing operations

(datatype)?) collection of operations on, or yielding, values of the datatype that distinguish this datatype from
other datatypes with identical value spaces

3.10

characterizing operations

(datatype generator) collection of operations on, or yielding, values of any datatype resulting from an
application of the datatype generator that distinguish this datatype generator from other datatype generators
and produce identical value spaces from identical parametric datatypes

3.1
cdmponent datatype
dgtatype which is a parametric datatype to a datatype generator

NQTE A component datatype is a datatype on which the datatype generator operates.

3.12
dgtatype
set of distinct values, characterized by properties of those values, and by operations on those values

3.13

ddtatype declaration
means provided by this International Standard for the definition of 3 datatype which is not itself defined by this
Infernational Standard

3.14

datatype family
collection of datatypes which have equivalent characterizing operations and relationships, but value gpaces
that differ in the number and identification of the individual values

3.15

dgtatype generator

ggnerator

operation on datatypes, as objects distinct from their values, that generates new datatypes

3.16
ddfined datatype
datatype defined by a type-declaration

3.17
ddfined generator
datatype generator defined by a type-declaration

3.18

exact
prkperty of a datatype indicating that every value of the conceptual datatype is distinct from all otherg in any
vah i

3.19

formal-parametric-type

identifier, appearing in the definition of a datatype generator, for which a datatype will be substituted in any
reference to a (defined) datatype resulting from the generator

1) Angle brackets indicate the subject field to which the concept belongs, in accordance with ISO 10241.
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3.20

formal-parametric-value

identifier, appearing in the definition of a datatype family or datatype generator, for which a value will be
substituted in any reference to a (defined) datatype in the family or resulting from the generator

3.21

general-purpose datatype

GPD

datatype defined by this International Standard

3.22
GPD-genaErated datatype
GPD datatype

datatype defined by the means of datatype definition provided by this International Standard

NOTE Although “GPD datatype” expands to “general-purpose datatype datatype” and might appear redundant, it if to
be read as|‘general-purpose-datatype datatype”, where GPD is an adjective and datatype (standalone).is*a noun.

3.23
generated datatype
datatype defined by the application of a datatype generator to one or more previaUsly-defined datatypes

3.24
generated internal datatype

datatype defined by the application of a datatype generator defined in &)particular programming language to
one or mdre previously-defined internal datatypes

3.25
generator declaration

means prgvided by this International Standard for the definition of a datatype generator which is not itself
defined by this International Standard

3.26
instructicln
provision fhat conveys an action to be performed

[ISO/IEC Guide 2]

3.27
internal datatype

datatype whose syntax and,semantics are defined by some other standard, specification, language, product
service or|other informatien,processing entity

3.28
inward mppping

conceptudl asseeiation between the internal datatypes of a language and the general-purpose datatypes
which assjgns'to each general-purpose datatype either a single semantically equivalent internal datatype or
no equivalentinternal datatype

3.29
lower bound
value L such that, for all values s in the value space in a datatype which is bounded below, L <

3.30
mandatory requirement
requirement of a normative document that must necessarily be fulfilled in order to comply with that document

NOTE 1 Adapted from the definition of “exclusive requirement” in ISO/IEC Guide 2.

NOTE 2 A “mandatory requirement” is also known as an “exclusive requirement”.

4 © ISO/IEC 2007 — All rights reserved


https://standardsiso.com/api/?name=14530117b0295c43284d3a4611096ce5

ISO/IEC 11404:2007(E)

3.31

mapping

(datatypes) formal specification of the relationship between the internal datatypes that are notions of, and
specifiable in, a particular programming language and the general-purpose datatypes specified in this
International Standard

3.32

mapping

(values) corresponding specification of the relationships between values of the internal datatypes and values
of the general-purpose datatypes

meta-identifier
ngme of a non-terminal symbol

[190/IEC 14977]

NQTE See note in 5.1 concerning the context of the specialized usage of this term for_describing the syntgx of
ISP/IEC 11404 program text.
ngn-terminal symbol

(EBNF) syntactic part of the language being defined

[190/IEC 14977]

pd

TE See note in 5.1 concerning the context of the specialized usage of this term.

5

rmative datatype
lection of specifications for datatype properties-that may be simultaneously satisfied by more tharf one
ual datatype

® O3 w

w

6
rmative document
cument that provides rules, guidelines or characteristics for activities or their results

Q3

[ISO/IEC Guide 2]

NQTE 1 The term “normative document” is a generic term that covers such documents as standards and teghnical
spEcifications.

NOQTE 2 A “documient” is to be understood as any medium with information recorded on or in it, such as a pgper
dofument or proagram code.

permitted
by that document
[ISO/IEC Guide 2]
NOTE An optional requirement may be either (1) one of two or more alternative requirements; or (2) an additional

requirement that must be fulfilled only if applicable and that may otherwise be disregarded.
3.38

order

mathematical relationship among values

NOTE See 6.3.2.
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3.39

ordered

property of a datatype which is determined by the existence and specification of an order relationship on its
value space

3.40

outward mapping

conceptual association between the internal datatypes of a language and the general-purpose datatypes that
identifies each internal datatype with a single semantically equivalent general-purpose datatype

3.41
parametric datatype
datatype @n which a datatype generator operates to produce a generated datatype

3.42
parametric value (1)
value whigh distinguishes one member of a datatype family from another

3.43
parametric value (2)
value whigh is a parameter of a datatype or datatype generator defined by a typetdeclaration

NOTE See 9.1.

3.44
primitive datatype
identifiabl¢ datatype that cannot be decomposed into other identifiable datatypes without loss of all semantigs
associated with the datatype

3.45
primitive internal datatype

datatype ip a particular programming language whaqse,values, conceptually, are not constructed in any way
from valugs of other datatypes in the language

3.46

provision
expression of normative wording that takes the form of a statement, an instruction, a recommendation or a
requiremgnt

NOTE 1 Adapted from ISO/IEC-Guide 2.
NOTE 2 | These types of proyvision are distinguished by the form of wording they employ; e.g. instructions are expressed

in the imperative mood, reCommendations by the use of the auxiliary “should” and requirements by the use of the auxiliary
“shall”.

3.47
recommendation
provision fhat’conveys advice or guidance

[ISO/IEC Guide 2]

3.48
regular value
element of a value space that is consistent with a datatype's properties and characterizing operations

3.49

representation

(general-purpose datatype) mapping from the value space of the general-purpose datatype to the value space
of some internal datatype of a computer system, file system or communications environment
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3.50
representation
(value) sign(s) of that value in the representation of the datatype

NOTE In this context, the term “sign” is used in its terminological sense (i.e. a symbol) and not in its mathematical
sense (i.e. positive or negative).

3.51
requirement
provision that conveys criteria to be fulfilled

[190/IEC Guide 2]
3.52

sentence
(EBNF) sequence of symbols that represents the start symbol

[

SO/IEC 14977]
NQTE See note in 5.1 concerning the context of the specialized usage of this term.

3.53

sentinel value
elegment of a value space that is not completely consistent with a.datatype's properties and characterizing
operations

NQTE A numeric datatype, which includes characterizing opéerations such as Equal and InOrder, may include
sentinel values such as not-a-number, indeterminate, not-applicable, +infinity, -infinity and so on. These
chpracterizing operations are not defined for sentinel values.

3.54
sequence
(EBNF) ordered list of zero or more items

[190/IEC 14977]

NQTE See note in 5.1 concerning the context of the specialized usage of this term.
3.55
start symbol

(EBNF) non-terminal.symbol that is defined by one or more syntax rules but does not occur in any other
syptax rule

[190/IEC 14977

NQTE See note in 5.1 concerning the context of the specialized usage of this term.

3.56
statement
provision that conveys information

[ISO/IEC Guide 2]

3.57

subsequence

(EBNF) sequence within a sequence

[ISO/IEC 14977]

NOTE See note in 5.1 concerning the context of the specialized usage of this term.
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3.58

subtype

datatype derived from another datatype by restricting the value space to a subset whilst maintaining all
characterizing operations

3.59

terminal symbol
(EBNF) sequence of one or more characters forming an irreducible element of a language

[ISO/IEC 14977]

NOTE See note in 5.1 on the context of the specialized usage of this term.
3.60
upper bound

value U guch that, for all values s in the value space in a datatype which is bounded above, s\ U

3.61
value spgce
set of valles for a given datatype

3.62
variable
computatipnal object to which a value of a particular datatype is associated at any given time; and to which
different vplues of the same datatype may be associated at different times

4 Conformance

An informgtion processing product, system, element or other entity may conform to this International Standard
either directly, by utilizing datatypes specified in this International Standard in a conforming manner (4.1), or
indirectly, by means of mappings between internal datatypes used by the entity and the datatypes specified jn
this Internptional Standard (4.2).

NOTE The general term information processing entity is used in this clause to include anything which processes
information[ and contains the concept of datatype: Information processing entities for which conformance to this
International Standard may be appropriate-include other standards (e.g. standards for programming languages or
language-related facilities), specifications, data handling facilities and services, etc.

4.1 Direct conformance

An informétion processing.entity which conforms directly to this International Standard shall:

1. specify which of the datatypes and datatype generators specified in Clause 8 and Clause 10 are providgd
by thg entity and which are not, and which, if any, of the declaration mechanisms in Clause 9 it provides
and

2. definethe value spaces of the general-purpose dafatypes used by the entity To be identical 1o the value
spaces specified by this International Standard; and

3. use the notation prescribed by Clause 7 through Clause 10 of this International Standard to refer to those
datatypes and to no others; and

4. to the extent that the entity provides operations other than movement or transformation of values, define
operations on the general-purpose datatypes which can be derived from, or are otherwise consistent with,
the characterizing operations specified by this International Standard.

NOTE 1 This International Standard defines a syntax for the denotation of values of each datatype it defines, but, in
general, requirement 3 does not require conformance to that syntax. Conformance to the value-syntax for a datatype is
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required only in those cases in which the value appears in a type-specifier, that is, only where the value is part of the
identification of a datatype.

NOTE 2  The requirements above prohibit the use of a type-specifier defined in this International Standard to designate
any other datatype. They make no other limitation on the definition of additional datatypes in a conforming entity, although
it is recommended that either the form in Clause 8 or the form in Clause 10 be used.

NOTE 3  Requirement 4 does not require all characterizing operations to be supported and permits additional
operations to be provided. The intention is to permit addition of semantic interpretation to the general-purpose datatypes
and generators, as long as it does not conflict with the interpretations given in this International Standard. A conflict arises
only when a given characterizing operation could not be implemented or would not be meaningful, given the entity-
prvided operations on the datatype.

NQTE 4  Examples of entities which could conform directly are language definitions or interface specifications whose
dafatypes, and the notation for them, are those defined herein. In addition, the verbatim support by a software tpol or
application package of the datatype syntax and definition facilities herein should not be precluded.

4.2 Indirect conformance
Ar information processing entity which conforms indirectly to this International’Standard shall:

1.| provide mappings between its internal datatypes and the general-purpose datatypes conforming|to the
specifications of Clause 11 of this International Standard; and

2.| specify for which of the datatypes in Clause 8 and Clause 10.an inward mapping is provided, forlwhich an
outward mapping is provided, and for which no mapping is‘provided.

NQTE 1 Standards for existing programming languages are_expected to provide for indirect conformance rather than
direct conformance.

NQTE 2  Examples of entities which could conform indirectly are language definitions and implementations, ipformation
exfhange specifications and tools, software engineering tools and interface specifications, and many other entifies which
hale a concept of datatype and an existing notation for it.

4.8 Conformance of a mapping-standard

Inforder to conform to this International Standard, a standard for a mapping shall include in its confofmance
requirements the requirement/te*conform to this International Standard.

NQTE 1 It is envisaged that-this International Standard will be accompanied by other standards specifying njappings
befween the internal datatypes specified in language and language-related standards and the general-purpose |datatypes.
Such mapping standards are required to comply with this International Standard.

NQTE 2  Suchimapping standards may define “generic” mappings, in the sense that for a given internal datatype the
stgndard spegcifies a parameterized general-purpose datatype in which the parametric values are not derived frgm
parametric values of the internal datatype nor specified by the standard itself, but rather are required to be spedjified by a
“uger” ortimplementor” of the mapping standard. That is, instead of specifying a particular general-purpose datatype, the

mgppifng specifies a family of general-purpose datatypes and requires a further user or implementor to specify which
m%mber of the family applies to a particular use of the mapping standard. This is always necessary when the infernal
datatypes themselves are, In the intention of the language standard, either explicitly or iImplicitly parameterized. For

example, a programming language standard may define a datatype INTEGER with the provision that a conforming
processor will implement some range of Integer; hence the mapping standard may map the internal datatype INTEGER to
the general-purpose datatype:

integer range (min..max)

and require a conforming processor to provide values for “min” and “max”.
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4.4 GPD program conformance

A GDP conforming program 2) is a specification that uses datatypes and datatype values and their syntaxes

as specifie

d in this International Standard. Such a specification may be self-contained: there is no requirement

for the existence of a GDP conformant implementation that can produce or operate on the specification. The
requirements of this International Standard to which the specification conforms shall be clearly identified,
either in the specification itself, or in documentation that is unambiguously identified in the specification.

NOTE

A GDP conforming program is a special case of directly conforming entity.

5 Conpyentions used in this International Standard

5.1 Formmal syntax

This Interm

ISO/IEC 14977, Extended Backus-Naur Form (EBNF), is used in defining that language. Table 5-1
summarizes the ISO/IEC 14977 EBNF syntactic metalanguage.

NOTE

symbol haye special meaning in the context of EBNF notation (see Clause 3).

ational Standard defines a formal datatype specification language. The notation defined in

The terms meta-identifier, non-terminal symbol, sentence, sequence, start symbol;subsequence, and terminal

Table 5-1 — Summary of ISO/IEC 14977 EBNF Syntactic/Metalanguage Notation

Representation | ISO/IEC 10646 Character Names

Metalanguage Symbol

asterisk with right parenthesis

' apostrophe first guote symbol
" | quotation mark second quote symbol
(* * left parenthesis with asterisk, start/end comment symbols

left parenthesis, right parenthesis

start/end group symbols

] left square bracket, right squaredracket

start/end option symbols

start/end repeat symbols

question mark

(

[

{ left curly bracket, right curly bracket
> ;

special sequence symbol

- hyphen-minus

except symbol

’ comma concatenate symbol

= equals sign defining symbol

| vertical line definition separator symbol
* asterisk repetition symbol

; semicolon terminator symbol

EXAMPLE [1 The follewing syntax rules illustrate repetition (asterisk and curly brackets) and option square brackets:

aa = "A" ;

bb =|3 *# aa, "B" ;

cc =|3~*“laa], "C" ;

dd =L{aa} "pr__-

ee = aa, {aa}), "E" ;

ff = 3 * aa, 3 * [aa], "F" ;

Terminal strings defined by these rules are as follows:

aa: A
bb: AAAB

2) A GPD conforming program might be an 11404 GPD datatype definition or a data declaration based upon an 11404

GPD datatype.

10
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cc: C AC AAC AAAC

dd: D AD AAD AAAD AAAAD etc.

ee: AE AAE AAAE AAAAE AAAAAE etc.
ff: AAAF AAAAF AAAAAF AAAAAAF

EXAMPLE 2 The following syntax rules illustrate a definitions list (vertical line), an exception (hyphen-minus), and
comments (parentheses and asterisks):

letter = "A " I "B " I "C " I "D " I "E " I "F”

I IIGII I IIH" I III n I "J" I "K" I "L n I "M"

I "N" I "o n I "P n I "Q n I "R " I "S n I "T"

| IR " AU RS A0 N | A EENMP: SU R SAN RN RA

VOWel = IIA n I "E n I "I n I "O n I "U"

consonant = letter - vowel ; (* These examples are from ISO/IEC 14977 *

Terminal strings defined by these rules are as follows:

letter: ABCDEVFGHTIJ etc.
vowel: AEIOTU
consonant: BCD FGHJKULM etc.

5.2 Text conventions

Within the text:

— A reference to a terminal symbol syntactic object consists ¢f the terminal symbol in fixed width cpurier,
e.g. type.

— A reference to a non-terminal symbol syntactic obje¢t'consists of the non-terminal-symbol in fixed width
italic courier, e.g. type-declaration.

— Mathematical notation, properties, and characterizing operations are in bold, e.g., InOrder(x,y).
— Non-italicized words which are identical or nearly identical in spelling to a non-terminal-symbol r¢fer to the

conceptual object represented by the-syntactic object. In particular, xxx-type refers to the syntactic
representation of an “xxx datatype” in all occurrences.

6| Fundamental notions

6.1 Datatype

A fatatype is a‘setof distinct values, characterized by properties of those values and by operations ¢n those
values. Charagtérizing operations are included in this International Standard solely in order to identify the
datatype.In this International Standard, characterizing operations are purely informative and have n¢

term general-purpose datatypes (plural) refers to some or all of the datatypes defined by this International

Standard. The term GPD datatype refers to datatypes generated or defined by means specified in this
International Standard.

The term internal datatype is used to mean a datatype whose syntax and semantics are defined by some
other standard, language, product, service or other information processing entity.

NOTE The datatypes included in this standard are “common”, not in the sense that they are directly supported by,
i.e. “built-in” to, many languages, but in the sense that they are common and useful generic concepts among users of
datatypes, which include, but go well beyond, programming languages.

© ISO/IEC 2007 — Al rights reserved 11


https://standardsiso.com/api/?name=14530117b0295c43284d3a4611096ce5

ISO/IEC

6.2 Val

11404:2007(E)

ue space

A value space is the collection of values for a given datatype. The value space of a given datatype can be

defined in

one of the following ways:

— enumerated outright, or

— defined axiomatically from fundamental notions, or

— defined as the subset of those values from some already defined value space which have a given set of

propefties, or

— defingd as a combination of arbitrary values from some already defined value spaces by a specified

const

NOTE 1

notion to “datatype” by adding computational properties supported by characterizing operations. ISQ/IE€ 11179,
Informatior] technology — Metadata registries (MDR), introduces the concept “value domain”. A “value domain” is a set of
<value, mepning> pairs, each pair consisting of a value and its conceptual interpretation. That is,4SO/IEC 11179 extends

the notion

A distinct

properties|and characterizing operations of each of them (see 6.6).

A value space contains regular values (elements of a value space that{are consistent with a datatype's
properties|and characterizing operations). A datatype may also havé sentinel values: elements that can be

said to 'be

characteriging operations of the datatype. For the purpose of this’international Standard, sentinel values do

not belong

form of th¢ Equal operator to distinguish these sentinel values from regular values (see also 8.2.6).

NOTE 2
sentinel va
characteriz

6.3 Dafatype properties

The modé€
It is “compq
makes dis
in the sen
properties

NOTE 1

representa
the charact
representa

uction procedure.

This International Standard defines the concept “value space”, which is just a set of values. It.€xtends that

alue space to “value domain” by adding its meaning for users and applications.

value may belong to the value space of more than one datatype, so lang as it properly supports th

1%

long' to the datatype but that may not be completely consistent with the properties and

to the value space of the datatype. If a datatype has'sentinel values, then there shall always be 3

A numeric datatype, which includes characterizing operations such as Equal and InOrder, may include
ues such as not-a-number, indeterminate, not-applicable, +infinity, -infinity, and so on. These
ng operations are not defined for sentine| values.

| of datatypes used in this-international Standard is said to be an “abstract computational model”.
utational” in the sense-that’it deals with the manipulation of information by computer systems and
tinctions in the typing.ofdata units which are appropriate to that kind of manipulation. It is “abstradt
5e that it deals with-the perceived properties of the data units themselves, rather than with the
of their representations in computer systems.

It is important to differentiate between the values, relationships and operations for a datatype and the

ions of these values, relationships and operations in computer systems. This International Standard specifieg
eristics;of the conceptual datatypes, but it only provides a means for specification of characteristics of
ionS'of'the datatypes.

NOTE 2

Some computational properties derive from the need for the data units to be representable in computers. Such

properties are deemed to be appropriate to the abstract computational model, as opposed to purely representational

properties,

NOTE 3
model has

which derive from the nature of specific representations of the data units.

It is not proper to describe the datatype model used herein as “mathematical”, because a truly mathematical
no notions of “access to data units” or “invocation of processing elements”, and these notions are important to

the definition of characterizing operations for datatypes and datatype generators.
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6.3.1 Equality
In every value space there is a notion of equality, for which the following rules hold:

— for any two instances (a, b) of values from the value space, either a is equal to b, denoted a =b,orais
not equal to b, denoted a#b;

— there is no pair of instances (a, b) of values from the value space such that both a =b and a #5b;

— for every value a from the value space, a=a;

— for any two instances (a, b) of values from the value space, a =5 ifandonlyif b=a;
— for any three instances (a, b, c¢) of values from the value space, if a =b and b=c, thenrna=Zc.
On every datatype, the operation Equal is defined in terms of the equality property of the value spacg, by:

— for any values a, b drawn from the value space, Equal(a,b) is frue if a« = b, and-false otherwise.

6.8.2 Order

A Value space is said to be ordered if there exists for the value space an order relation, denoted <, wjth the
following rules:

— for every pair of values (a, b) from the value space, eitheria <b or b <a, or both;
— for any two values (a, b) from the value space, if a<'?>and b<a,then a=5;

— for any three values (a, b, c) from the value space, if a« <b and b<c, then a<c.
Fdr convenience, the notation a < b is used. herein to denote the simultaneous relationships: a <b and a#5b.

A fatatype is said to be ordered if an order relation is defined on its value space. A corresponding
chiaracterizing operation, called InOrder, is then defined by:

— for any two values (a, b) fromthe value space, InOrder(a, b) is frue if a < b, and false otherwise.

NQTE There may be séveral possible orderings of a given value space. And there may be several different datatypes
which have a common value space, each using a different order relationship. The chosen order relationship is 3
chpracteristic of an ordered datatype and may affect the definition of other operations on the datatype.

6.3.3 Bound

A fatatype-is said to be bounded above if it is ordered and there is a value U in the value space such that, for
alllvalges s in the value space, s <U . The value U is then said to be an upper bound of the value space.
Sinilarly, a datatype is said to be bounded below if it is ordered and there is a value L in the space s$uch that,
for all values s in the value space, L <s. The value L is then said to be a Tower bound of the value space. A
datatype is said to be bounded if its value space has both an upper bound and a lower bound.

NOTE The upper bound of a value space, if it exists, must be unique under the equality relationship. For if U1 and
U2 are both upper bounds of the value space, then U1 <U2 and U2 <Ul, and therefore Ul=U2, following the second
rule for the order relationship. And similarly the lower bound, if it exists, must also be unique.

On every datatype which is bounded below, the niladic operation Lowerbound is defined to yield that value

which is the lower bound of the value space, and, on every datatype which is bounded above the niladic
operation Upperbound is defined to yield that value which is the upper bound of the value space.
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6.3.4 Cardinality

A value space has the mathematical concept of cardinality: it may be finite, denumerably infinite (countable),
or non-denumerably infinite (uncountable). A datatype is said to have the cardinality of its value space. In the
computational model, there are three significant cases:

— datatypes whose value spaces are finite,

— datatypes whose value spaces are exact (see 6.3.5) and denumerably infinite,

— datatyjpes Whose value spaces are approximate (Se€ 6.3.5), and therefore have a finite or denumeranly
infinit¢ computational model, although the conceptual value space may be non-denumerably infinite:

Every conceptually finite datatype is necessarily exact. No computational datatype is non-denumerably
infinite.

~

NOTE For a denumerably infinite value space, there always exist representation algorithms such'that no two disting
values have the same representation and the representation of any given value is of finite length.,Conversely, in a non-
denumeral]ly infinite value space there always exist values which do not have finite representations:.

6.3.5 Exact and approximate

The compptational model of a datatype may limit the degree to which valu€s of the datatype can be
distinguished. If every value in the value space of the conceptual datatype jis distinguishable in the
computatipnal model from every other value in the value space, then thé datatype is said to be exact.

Certain mathematical datatypes having values which do not have finite representations are said to be
approximdte, in the following sense:

Let M be the mathematical datatype and C be the Corresponding computational datatype, and let P be
the mapping from the value space of M to the value space of C . Then for every value v' in C, there i$
a corfesponding value v in M and a real valué-h such that P(x)=»' forall x in M such that |v—x|< .
That is, V' is the approximation in C to all values in M which are “within distance # of value v”.
Furthermore, for at least one value V' in_ G, there is more than one value y in M such that P(y)=v'. And
thus [C is not an exact model of M .

In this Intgrnational Standard, all appreximate datatypes have computational models which specify, via
parametri¢ values, a degree of approximation, that is, they require a certain minimum set of values of the
mathematjcal datatype to be distinguishable in the computational datatype.

NOTE The computationalymodel described above allows a mathematically dense datatype to be mapped to a
datatype with fixed-length‘representations and nonetheless evinces intuitively acceptable mathematical behavior. When
the real valpe h described above is constant over the value space, the computational model is characterized as having
“bounded dbsolute_erfor” and the result is a scaled datatype (8.1.9). When h has the form c~|v| , Where c is constant over
the value space, the'computational model is characterized as having “bounded relative error”, which is the model used fpr
the Real (8]1.10).and Complex (8.1.11) datatypes.

6.3.6 Numeric

A datatype is said to be numeric if its values are conceptually quantities (in some mathematical number
system). A datatype whose values do not have this property is said to be non-numeric.

NOTE The significance of the numeric property is that the representations of the values depend on some radix, but
can be algorithmically transformed from one radix to another.
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6.4 Primitive and non-primitive datatypes

In this International Standard, datatypes are categorized, for syntactic convenience, into:

— primitive datatypes, which are defined axiomatically without reference to other datatypes, and
— generated datatypes, which are specified, and partly defined, in terms of other datatypes.

In addition, this International Standard identifies structural and abstract notions of datatypes. The structural
notion of a datatype characterizes the datatype as either:

—1 conceptually atomic, having values which are intrinsically indivisible, or

— conceptually aggregate, having values which can be seen as an organization of specific.comporjent
datatypes with specific functionalities.

All primitive datatypes are conceptually atomic, and therefore have, and are defined in terms of, wellrdefined
abstract notions. Some generated datatypes are conceptually atomic but are dependent on specificdtions
which involve other datatypes. These too are defined in terms of their abstract notions. Many other datatypes
may represent objects which are conceptually atomic, but are themselves.conceptually aggregates, peing
organized collections of accessible component values. For aggregate datatypes, this International Standard
defines a set of basic structural notions (see 6.8) which can be recursjvely applied to produce the value space
ofja given generated datatype. The only abstract semantics assignéd to such a datatype by this Intefnational
Standard are those which characterize the aggregate value structure itself.

NQTE The abstract notion of a datatype is the semantics of, the'\values of the datatype itself, as opposed t¢ its
utilization to represent values of a particular information unit or a particular abstract object. The abstract and strpictural
notions provided by this International Standard are sufficient ta‘define its role in the universe of discourse betwgen two
larjguages, but not to define its role in the universe of discourse between two programs. For example, Array dafatypes are
supported as such by both Fortran and Pascal, so that Array of Real has sufficient semantics for procedure calls between
the two languages. By comparison, both linear operators and lists of Cartesian points may be represented by Afray of
Rdal, and Array of Real is insufficient to distinguish.those meanings in the programs.

6.p Datatype generator
A fatatype generator is a conceptual operation on one or more datatypes which yields a datatype. Al datatype
g€gnerator operates on datatypes.to generate a datatype, rather than on values to generate a value.
Specifically, a datatype generator is the combination of:

— a collection of criteria for the number and characteristics of the datatypes to be operated upon,

— a construction.procedure which, given a collection of datatypes meeting those criteria, creates ajnew
value spagcefrom the value spaces of those datatypes, and

[0

— a collection of characterizing operations which attach to the resulting value space to complete th
definition of a new datatype.

The application of a datatype generator 10 a Speciiic collection of datatypes meeting the criteria for the
datatype generator forms a generated datatype. The generated datatype is sometimes called the resulting
datatype, and the collection of datatypes to which the datatype generator was applied are called its parametric
datatypes.

6.6 Characterizing operations
The set of characterizing operations for a datatype comprises those operations on, or yielding values of, the

datatype that distinguish this datatype from other datatypes having value spaces which are identical except
possibly for substitution of symbols.
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The set of characterizing operations for a datatype generator comprises those operations on, or yielding
values of, any datatype resulting from an application of the datatype generator that distinguish this datatype
generator from other datatype generators which produce identical value spaces from identical parametric
datatypes.

NOTE 1 Characterizing operations are needed to distinguish datatypes whose value spaces differ only in what the
values are called. For example, the value spaces (one, two, three, four), (1, 2, 3, 4), and (red, yellow, green, blue) all have
four distinct values and all the names (symbols) are different. But one can claim that the first two support the
characterizing operation Add(), while the last does not:

Add(one,two) = three ; and _Add(1,2) =3 ; but Add(red, yellow) # green

It is this characterizing operation (Add) which enables one to recognize that the first two datatypes are the same datatype,
while the Igst is a different datatype.

NOTE 2 | The characterizing operations for an aggregate datatype are compositions of characterizing operations for it
datatype g¢nerator with characterizing operations for its component datatypes. Such operations are, of ¢olrse, only
sufficient td identify the datatype as a structure.

U7

NOTE 3 | The characterizing operations on a datatype may be:
— niladic|operations which yield values of the given datatype,

— monadic operations which map a value of the given datatype into a value of the given datatype or into a value of
datatype Boolean,

— dyadic|operations which map a pair of values of the given datatype into a value of the given datatype or into a valuq of
datatype Boolean,

— n-adic|operations 3) which map ordered n-tuples of values, each efdavhich is of a specified datatype, which may be the
given dlatatype or a parametric datatype, into values of the given\datatype or a parametric datatype.

NOTE 4 | In general, there is no unique collection of characterizing operations for a given datatype. This International
Standard specifies one collection of characterizing operations for each datatype (or datatype generator) which is sufficient
to distinguigh the (resulting) datatype from all other datatypes with value spaces of the same cardinality. While some effort
has been npjade to minimize the collection of characterizing operations for each datatype, no assertion is made that any pf
the specifigd collections is minimal.

NOTE 5 |Equal is always a characterizing operation on datatypes with the equality property.

NOTE 6 |[InOrder is always a characterizing operation on ordered datatypes (see 6.3.2).

6.7 Dafatype families

If there is B 1-to-1 symbOl.sUbstitution which maps the entire value space of one datatype (the domain) into a
subset of the value space of another datatype (the range) in such a way that the value relationships and
characteriging operations of the domain datatype are preserved in the corresponding value relationships and
characteriging aperations of the range datatype, and if there are no additional characterizing operations on the
range datatype, then the two datatypes are said to belong to the same family of datatypes. An individual
member C; afamily of datatypes is distinguished by the symbol set making up its value space. In this
International Standard, the symbol set for an individual member of a datatype family is specified by one or
more values, called the parametric values of the datatype family.

3) The term "n-adic" is a general term, which includes niladic, monadic, and dyadic.
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6.8 Aggregate datatypes

An aggregate datatype is a generated datatype, each of whose values is, in principle, made up of values of
the parametric datatypes. The parametric datatypes of an aggregate datatype or its generator are also called
component datatypes. An aggregate datatype generator generates a datatype by

— applying an algorithmic procedure to the value spaces of its component datatypes to yield the value space
of the aggregate datatype, and

— providing a set of characterizing operations specific to the generator.

Unlike other generated datatypes, it is characteristic of aggregate datatypes that the componentcvalyes of an
aggregate value are accessible through characterizing operations.

Adgregate datatypes of various kinds are distinguished one from another by properties which charagterize
relationships among the component datatypes and relationships between each component and the gggregate
value. This subclause defines those properties.

THe properties specific to an aggregate are independent of the properties of the‘ecomponent datatypgs. (The
fundamental properties of arrays, for example, do not depend on the nature of the elements.) In pringiple, any
combination of the properties specified in this subclause defines a particular form of aggregate datatype,
although most are only meaningful for homogeneous aggregates (see-6.8.1) and there are implicatigns of
some direct access methods (see 6.8.6).

6.8.1 Homogeneity

Ar) aggregate datatype is homogeneous, if and only if all.components must belong to a single datatype. If
different components may belong to different datatypes, ‘the aggregate datatype is said to be heterogeneous.
THe component datatype of a homogeneous aggregate is also called the element datatype.

NQTE 1 Homogeneous aggregates view all their'elements as serving the same role or purpose. Heterogendqous
agpregates divide their elements into different roles!

NQTE 2  The aggregate datatype is homogeneous if its components all belong to the same datatype, even if|the
elgment datatype is itself an heterogeneous aggregate datatype. Consider the datatype label_list defined by:

type label = choice (state(name, handle)) of ((name): characterstring, (handle): integer);
type label list = sequence of (label);

Formally, a 1abel_1list valug)is a homogeneous series of label values. One could argue that it is really a serieg of

heferogeneous values, beCause every label value is of a choice datatype (see 8.3.1). The choice datatype gengrator is
cldarly heterogeneous-because it is capable of introducing variation in element type. But sequence (see 8.4.4) is
homogeneous because it itself introduces no variation in element type.

6.8.2 Size

THe size of an aggregate-value is the number of component values it contains. The size of the aggregate
datatype is fixed, if and only if all values in its value space contain the same number of component values.
The size is variable, if different values of the aggregate datatype may have different numbers of component
values. Variability is the more general case; fixed-size is a constraint.

6.8.3 Uniqueness
An aggregate-value has the uniqueness property if and only if no value of the element datatype occurs more

than once in the aggregate-value. The aggregate datatype has the uniqueness property, if and only if all
values in its value space do.
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6.8.4 Aggregate-imposed identifier uniqueness

An aggregate-value has the identifier uniqueness property if and only if no identifier (e.g., label, index) of the
element datatype occurs more than once in the aggregate-value. The aggregate datatype has the identifier
uniqueness property, if and only if all values in its value space do.

6.8.5 Aggregate-imposed ordering

An aggregate datatype has the ordering property, if and only if there is a canonical first element of each non-
empty value in its value-space. This ordering is (externally) imposed by the aggregate value, as distinct from
the value-gpace of the element datatype itself being (internally) ordered (see 6.3.2Z). Ttis also distinct from th
value-spage of the aggregate datatype being ordered.

A%

EXAMPLE The type-generator sequence has the ordering property. The datatype characterstring is defined as
sequence pf (character (repertoire)). The ordering property of sequence means that in every value of.fype
charactergtring, there is a first character value. For example, the first element value of the characterstring value
"computatfon" is 'c'. This is different from the question of whether the element datatype character (xepertoire) is
ordered: is['a' < 'e'? Itis also different from the question of whether the value space of datatype characterstring is
ordered by[some collating-sequence, e.g. is "computation" < "Computer"?

6.8.6 Adcess method

The accegs method for an aggregate datatype is the property which deterniines how component values can
be extracted from a given aggregate-value.

An aggredate datatype has a direct access method, if and only if there'is an aggregate-imposed mapping
between Values of one or more “index” (or “key”) datatypes and the.component values of each aggregate
value. Sugh a mapping is required to be single-valued, i.e. therelts at most one element of each aggregate
value whi¢h corresponds to each (composite) value of the index datatype(s). The dimension of an aggregate
datatype i the number of index or key datatypes the aggregate has.

An aggredate datatype is said to be indexed, if and\only if it has a direct access method, every index datatype
is ordered, and an element of the aggregate valuelis actually present and defined for every (composite) valu
in the valJe space of the index datatype(s). Every indexed aggregate datatype has a fixed size, because of
the 1-to-1|mapping from the index value space. In addition, an indexed datatype has a “partial ordering” in

each dimgnsion imposed by the order relationship on the index datatype for that dimension; in particular, an
aggregate] datatype with a single orderedindex datatype implicitly has the ordering imposed by sequential

indexing.

[

An aggredate datatype is saiddo,be keyed, if and only if it has a direct access method, but either the index
datatypes|or the mapping do-not meet the requirements for indexed. That is, the index (or key) datatypes
need not e ordered, and\a)value of the aggregate datatype need not have elements corresponding to all of
the key vdlues.

An aggredate datatype is said to have only indirect access methods if there is no aggregate-imposed index
mapping. |ndirect-access may be by position (if the aggregate datatype has ordering), by value of the element
(if the aggregate datatype has uniqueness), or by some implementation-dependent selection mechanism,
modeled asrandom-setection:

NOTE 1 The access methods become characterizing operations on the aggregate types. It is preferable to define the
types by their intrinsic properties and to see these access properties be derivable characterizing operations.

NOTE 2  The sequence datatype generator (see 8.4.4) is said to have indirect access because the only way a given
element value (or an element value satisfying some given condition) can be found is to traverse the list in order until the
desired element is the “Head”. In general, therefore, one cannot access the desired element without first accessing all
(undesired) elements appearing earlier in the sequence. On the other hand, Array (see 8.4.5) has direct access because
the access operation for a given element is “find the element whose index is i” — the ith element can be accessed without
accessing any other element in the given Array. Of course, if the Array element which satisfies a condition not related to
the index value is wanted, access would be indirect.
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6.8.7 Recursive structure

A datatype is said to be recursive if a value of the datatype can contain (or refer to) another value of the
datatype. In this International Standard , a recursive capability is supported by the type-declaration facility
(see 9.1), and recursive datatypes can be described using type-declaration in combination with choice
datatypes (8.3.1) or pointer datatypes (8.3.2). Thus recursive structure is not considered to be a property of
aggregate datatypes per se.

EXAMPLE LISP has several “atomic” datatypes, collected under the generic datatype “atom”, and a “list” datatype

which is a sequence of elements each of which can be an atom or a list. This datatype can be described using the Tree
da nypp gpnc\mfnr defined in 102 .2

6.8.8 Structured and unstructured
Adgregate datatypes are:
— conceptually structured, having both the component datatypes and the access method specified| or

— conceptually semi-structured, having either the component datatypes or the‘atcess method specified, but
not both, or

—{ conceptually unstructured, having neither the component datatype-hor the access method specified.

6.8.9 Mandatory and optional components

THe components of an aggregate datatype may not all be required to have a valid value of the datatype, i.e.,
the actual value space of the datatype may include values, for which some of the component values are
unspecified.

When a component of the datatype is required to'have a valid value in order for the aggregate value|to be a
valid value of the datatype, the component is said to be a mandatory component.

When a component of the datatype is not required to have a valid value in order for the aggregate value to be
a yalid value of the datatype, the componhent is said to be an optional component.

NQTE 1  This property applies ta.fields of records, members of classes, and elements of sequences, tables, pnd arrays.

NQTE 2  See examples in 6.9,

6.p Provisions associated with datatypes

A brovision is tHe-ftindamental unit of normative wording 4) in a normative document, such as a stanglard or
specification-A'provision is an “expression of normative wording that takes the form of a statement, an
ingtruction,»afecommendation or a requirement”. Auxiliary verbs such as “shall’ (mandatory requirement),
“should™ frecommendation), and “may” (optional requirement) are used in normative wording to express

provisions.

This International Standard contains many provisions. Some provisions apply to datatypes in general, e.g.,

a datatype consists of a value space, properties, and characterizing operations — a “statement” provision.
Some provisions apply to specific datatypes, e.g., a mapping to the GPD integer datatype shall be a
datatype that is numeric — a “requirement” provision. Declarations may contain provisions described via
annotations (outside the scope of this International Standard). Declarations may contain provisions associated
with datatype families, as described by the provision () type-attribute.

4) Provisions, in general, may be expressed in natural language text and/or specialized notation. For the GPD
"provision()", the provision is expressed as a set of name-value pairs.
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A normative datatype is a collection of specifications for datatype properties that may be simultaneously
satisfied by more than one actual datatype. A related concept concerns conformity to a normative datatype:
a datatype conforms to a normative datatype if it satisfies all of the properties specified by the normative
datatype, i.e., a normative datatype does not have a specific value space, but it may specify properties that
any conforming value space must have. Similarly, a normative datatype may specify operations that must be
supported by a conforming datatype, without that set of operations itself being sufficient to characterize any
one datatype.

EXAMPLE 1 The normative datatype Any can be satisfied by any GPD datatype, with any value space. The only
requirement is that Equal is defined on the value space.

EXAMPLE|2 The normative datatype address_label_standard is a record that contains 6 components.

// shprthand for "mandatory data element" provision
normajtive MDE = provision(obligation=require, target=type, scope=identifier, subset=defined),

// shprthand for "optional data element" provision
normajtive ODE = provision(obligation=permit, target=type, scope=identifier, subset=defined),

// shprthand for "extended data element" provision
normajtive XDE = provision(obligation=permit, target=type, scope=identifier, 'Subset=undefined),

normajtive address label standard =
record XDE

(
name MDE: characterstring,

address MDE: characterstring,

city MDE: characterstring,
state_province MDE: characterstring,
postal_code MDE: characterstring,
country code ODE: characterstring,

) 4

It is not pogsible to instantiate a normative datatype directly, but it is possible to instantiate an implementation (of the
normative dlatatype) that conforms to the normative datatype. Thefollowing are examples of datatypes (implementationg
that conforn to the normative datatype address_label standard. It is possible to instantiate the following datatypes.

~

// address_label 1 conforms because it has all the mandatory data elements
type pddress_label 1 =

record
(
name: characterstring, // mandatory data element

address: characterstring, &/Y' mandatory data element

city: characterstring, //)mandatory data element
state_province: characterstring, // mandatory data element
postal_code: charactexstring, // mandatory data element

) 4

// address label 2 conforms because it has all the mandatory data elements,
// anfd the optionali\data element (present in address label 2) conforms to
// the requirements=in the normative datatype

type pddress_label 2 =

record
(
name :\/characterstring,

address: characterstring,

city: characterstring,

state_province: characterstring,

postal_code: characterstring,

country code: characterstring, // optional data element

) 4

// address label 3 conforms because it has the data elements
// of address_label 2 and the XDE permits the definition of
// additional data elements
type address_label 3 =
record
(

name: characterstring,

address: characterstring,

city: characterstring,

state_province: characterstring,
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postal_code: characterstring,
country code: characterstring,
telephone number: characterstring, // extended data element

) 4

The following are examples of datatypes that do not conform to the datatype.

// address label 4 does not conform because it is missing
// mandatory data elements "state province" and "postal code"
type address_label 4 =
record
(
name: characterstring,
address: characterstring,
city: characterstring,

) 4

// address label 5 does not conform because its optional data element
// conflicts with the definition of the normative datatype
type address_label 5 =
record
(

name: characterstring,

address: characterstring,

city: characterstring,

state_province: characterstring,

postal_code: characterstring,

country code: integer,

) 4

7| Elements of the Datatype Specification Language

THis International Standard defines a datatype specification language, in order to formalize the identffication
and declaration of datatypes conforming to this International Standard. The language is a subset of the
Inferface Definition Notation defined in ISO/IEC 13886:1996, Information technology — Language-
Inglependent Procedure Calling (LIPC).®) This clause defines the basic syntactic objects used in that
lapguage.

7.1 IDN character-set

THe following productions define the character-set of the datatype specification language.

mgn

letter = "a ”n I "b" I "c" I "d" I "e ” I
"ET | 'g" | "RT | "ito | "3
"k ”n I "1 ”n I "m ” I "n ” I "o " I
S S T BT L S L
"u ”n I "V" I "W" I "x ” I "Y" I
"z" | A" | "B" | "c" | "D" |
"E ”n I "F" I "G" I "H ” I "1‘ " I
"gvo|  "K" | "L" | "M" | "N" |
"O ”n I "P ”n I "Q ” I "R ” I "S " I
L L B A B A S
”n Y" I "z ”n ’.
digit = "o" | "1" | 2" | "3" | "4"
"5 ”n I ”n 6" I ”n 7 ” I "8 ” I "9 ” ’.
special = "(" | (* left parenthesis *)
L | (* right parenthesis *)
"o (* full stop *)
" , " I (* comma *)
e (* colon *)
"o (* semicolon *)
"=ro| (* equals sign *)
LA (* solidus *)
|

(* asterisk *)

5) The IDN is only one feature of ISO/IEC 13886. The primary purpose of ISO/IEC 13886 is to specify a technique for
language-independent procedure calling.
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m_n

"{"
"} "

(* hyphen-minus *)
(* left curly bracket *)
(* right curly bracket *)

" (* left square bracket *)
L ] (* right square bracket *)
underscore = """ ; (* low line *)
apostrophe = mrrooy (* apostrophe *)
quote = 'rrr. (* quotation mark *)
escape = "o, (* exclamation point *)
space = mr (* space *)
non-quote-character = letter |
digit |
special |
SToTe T
apostrophe |
space ;
bound-character = non-quote-character |
quote
added-character = ? not defined by this International Standard ? ;
These prdductions are nominal. Lexical productions are always subject to minor changes from~\implementatipn

to implem
always ap

1. Theb

bntation, in order to handle the vagaries of available character-sets. The following rules, however,
ply:

bund-characters, and the escape character, are required in any implementation to be associated

with p

2. Thec

articular members of the implementation character set.

naracter space is required to be bound to the “space” member of JSO/IEC 10646, but it only has
ng within character-literals and string-literals.

hd-character is required to be associated with the membenhaving the corresponding symbol, if any,

implementation character-set derived from ISO/IEC 10646.

ded-character is any other member of the implementation character-set which is bound to the

mean
3. Abouy
in any
4. An ad
membk

be ref
ISO/IH
a strin

7.2 Whijtespace

er having the corresponding symbol in an ISQ/EC 10646 character-set. An added-character may
brenced by name, by 8-digit short UCS identifier, or by 4-digit short UCS identifier, as specified by
FC 10646. For example, " 'QUOTATION MARK!", "1U00000022!'", and "'U+0022!" are all equivalent:
g literal that contains the one character,a quotation mark.

A sequen

except wi:rin a character-literal or.string-literal (see 7.3), shall be considered whitespace. Any use of this

Internatio

te of one or more space characters, horizontal tabs, end of line characters, or newline characters

al Standard may define/any other characters or sequences of characters not in the above character

set to be whitespace as well; such as vertical tabulators, end of page indicators, etc.

A comment is either of:

— Any sequence of’characters beginning with the sequence /* (solidus, asterisk) and terminating with the
first ogcurrence thereafter of the sequence */ (asterisk solidus).

— Any sequence ofcharacters bcy;llll;lly with-thre sequence /7 (au“duo, ou“duo) ard tcnn;na‘ling withthe

occurrence thereafter of end-of-line character sequence.

Every cha

racter of a comment shall be considered whitespace.

With respect to interpretation of a syntactic object under this International Standard, any annotation (see 7.4)
is considered whitespace.

Any two lexical objects which occur consecutively may be separated by whitespace, without effect on the
interpretation of the syntactic construction. Whitespace shall not appear within lexical objects.

22
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Any two consecutive keywords or identifiers, or a keyword preceded or followed by an identifier, shall be
separated by whitespace.

7.3 Lexical objects

The lexical objects are all terminal symbols except those defined in 7.1, and the objects identifier, digit-string,
character-literal, string-literal.

7.3.1 Identifiers

An identifier is a terminal symbol used to name a datatype or datatype generator, a component df a
generated datatype, or a value of some datatype.

initial-letter-like, { pseudo-letter-like } ;
letter-like |
special-like ;

identifier
initial-letter-like

letter-like = letter |
ISO/IEC-10176-extended-letter ;
pseudo-letter-like = letter-like |
digit-like |
underscore ;
digit-like = digit |
ISO/IEC-10176-extended-digit ;
special-like = underscore |

ISO/IEC-10176-extended-special/;

NQTE ISO/IEC 10176 describes the notion of classes of letter-liké) characters (outside of ISO/IEC 646 lettgrs A
through Z), digit-like characters (outside of ISO/IEC 646 digits O through 9), and special characters that are all ysed in
identifiers.

Mdltiple identifiers with the same spelling are permitted, as long as the object to which the identifier fefers can
bg determined by the following rules:

1.| An identifier X declared by a type-declaration or value-declaration shall not be declared irf any
other declaration.

2.| The identifier X in a component of; say, a type-specifier (Y) refers to that component of Y which Y
declares X to identify, if any, or-whatever X refers to in the type-specifier which immediately qontains Y,
if any, or else the datatype er\value which X is declared to identify by a declaration.

7.3.2 Digit-string

A Higit-string is @terminal-symbol consisting entirely of digits. It is used to designate a value of spme
datatype, with thelinterpretation specified by that datatype definition.

digit-string
digit=like

digit-like, { digit-like } ;
digit |
ISO/IEC-10176-extended-digit ;

7.3.3") Character-literal and string-literal

A character-literal is a terminal-symbol delimited by apostrophe characters. It is used to designate a
value of a character datatype, as specified in 8.1.4.

character-literal
any-character

apostrophe, any-character, apostrophe ;
bound-character |

added-character |

escape-character ;

escape, character-name, escape ;
identifier, { " ", identifier } ;

escape-character
character-name
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A string-literal is a terminal-symbol delimited by quote characters. It is used to designate values of time
datatypes (8.1.6), bitstring datatypes (10.1.4), and characterstring datatypes (10.1.5), with the interpretation
specified for each of those datatypes.

string-literal
string-character

quote, { string-character |}, quote ;
non-quote-character |

added-character |

escape-character ;

Every character appearing in a character-literal or string-literal shall be a part of the literal, even when that
character would otherwise be whitespace.

7.3.4 Kegywords

The term keyword refers to any terminal symbol which also satisfies the production for identifier, i.e,‘is‘/hot
compose( of special characters. The keywords appearing below are reserved, in the sense that hgne of them
erpreted as an identifier. All other keywords appearing in this International Standard shall be
as predefined identifiers for the datatype or type-generator to which this International Standard
defines them to refer.

reserjved-keywords "array"
"choice" |
"default" |
"excluding" |
"from" |

"in" I
"inout" |
"new" I

"of" |

"out"” I
"plus" |
"pointer"
"procedure"” |
"raises" |
"record" |
"returns" |
"selecting"” |
"gize" I
"subtype"
"table"” I
"termination" |
"to" |

"type'." |
"value " ;

NOTE All of the above keywords jare reserved because they introduce (or are part of) syntax which cannot validly
follow an iflentifier for a datatyp@ or type-generator. Most datatype identifiers defined in Clause 8 are syntactically
equivalent fo a type-referenée(See 8.5), except for their appearance in Clause 8.

7.4 Annotations

An annotdtion, orextension, is a syntactic object defined by a standard or information processing entity whigh
uses this International Standard. All annotations shall have the form:

annotation "[", annotation-label, ":",
annotation-text, "y
objectidentifiercomponent-list

? not defined by this International Standard ? ;

annotation-label
annotation-text

The annotation-label shall identify the standard or information processing entity which defines the meaning
of the annotation-text. The entity identified by the annotation-label shall also define the allowable syntactic
placement of a given type of annotation and the syntactic object(s), if any, to which the annotation applies.

The objectidentifiercomponent-1list shall have the structure and meaning prescribed by clause 10.1.10.

NOTE Of the several forms of objectidentifiercomponent-value specified in 10.1.10, the nameformis the most
convenient for labeling annotations. Following ISO/IEC 8824, every value of the objectidentifier datatype must have
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as its first component one of iso, itu-t, Or joint-iso-itu-t, but an implementation or use is permitted to specify an
identifier which represents a sequence of component values beginning with one of the above, as:

value rpc : objectidentifier = { iso(l) standard(0) 11578 }

and that identifier may then be used as the first (or only) component of an annotation-label, as in:
[rpc: discriminant = n]

(This example is fictitious. ISO/IEC 11578 does not define any annotations.)

Non-standard annotations, defined by vendors or user organizations, for example, can acquire such labels through one of
the { iso member-body <nation> ... } Or { iso identified-organization <organization> ... } pathp, using
the appropriate national or international registration authority.

7.6 Values

THe identification of members of a datatype family, subtypes of a datatype, and the nesulting datatypgs of
datatype generators may require the syntactic designation of specific values of a datatype. For this reason,
this International Standard provides a notation for values of every datatype thatlis defined herein or ¢an be
defined using the features provided by Clause 10, except for datatypes for which designation of spegific
vajues is not appropriate.

A value-expression designates a value of a datatype.

Syntax:

value-expression = independent-value
dependent-value |
formal-parametric-value ;

Arn independent-value is a syntactic construction. which resolves to a fixed value of some general-purpose
datatype. A dependent-value is a syntactic construction which refers to the value possessed by angther
component of the same datatype. A formal-parametric-value refers to the value of a formal-type-
pdrameter in a type-declaration, as provided-in 9.1.

7.5.1 Independent values

Ar independent-value designates a specific fixed value of a datatype.

Syntax:
independent-vadue = explicit-value |
value-reference ;
explicit-value = boolean-literal

state-literal |
enumerated-literal |
character-literal |
ordinal-literal |
time-literal |
integer-literal |
rational-literal |
scaled-literal |
real-literal |
complex-literal |
void-literal |
extended-literal |
pointer-literal |
procedure-reference |
string-literal |
bitstring-literal |
objectidentifier-value |
choice-value |
record-value |
class-value |
set-value |
sequence-value |

© ISO/IEC 2007 — Al rights reserved 25


https://standardsiso.com/api/?name=14530117b0295c43284d3a4611096ce5

ISO/IEC 11404:2007(E)

bag-value |
array-value |
table-value
value-identifier ;
procedure-identifier

value-reference
procedure-reference

An explicit-value uses an explicit syntax for values of the datatype, as defined in Clause 8 and Clause 10.
A value-reference designates the value associated with the value-identifier by a value-declaration,
as provided in 9.2. A procedure-reference designates the value of a procedure datatype associated with a

procedure-identifier, as described in 8.3.3.

NOTE 1 f i = T ; =
3/4 and 6/8, or set of (integer) values (1,3,4) and (4,3,1).

NOTE 2 | The same explicit-value syntax may designate values of two different datatypes, as 19940101 cantbe an
integer vdlue, or an ordinal value. In general, the syntax requires that the intended datatype of a value-expréssion cap
be determined from context when the value-expression is encountered.

NOTE 3 | The IDN productions for value-reference and procedure-reference appearing in Apnex D are more
general. THe above productions are sufficient for the purposes of this International Standard.

7.5.2 Dgpendent values
When a p@rameterized datatype appears within a procedure parameter (see 8.3.3) or a record datatype (se¢

8.4.1), it ig possible to specify that the parametric value is always identicalie the value of another parameter
to the prog¢edure or another component within the record. Such a value is'feferred to as a dependent-valus.

Syntax:

dependent-value
primary-dependency

primary-dependency, { /"~ component-reference }
field-identifier |

parameter-name

field-identifier |

"ok rr

compopent-reference

A type-specifier x is said to involve a dependéent-value if x contains the dependent-value and no
component of x contains the dependent-value: Thus, exactly one type-specifier involves a given
dependen}t-value. A type-specifier Which involves a dependent-value is said to be a data-dependent
type. Everly data-dependent type shall be\the datatype of a component of some generated datatype.

The primary-dependency shall be the identifier of a (different) component of a procedure or record datatyp
which (alsp) contains the data-dependent type. The component so identified will be referred to in the following
as the primary component; the generated datatype of which it is a component will be referred to as the subjgct
datatype. [That is, the subject-datatype shall have an immediate component to which the primary-

dependenty refers, and a-different immediate component which, at some level, contains the data-dependen

type.

U

When the[subject-datatype is a procedure datatype, the primary-dependency shall be a parameter-name
and shall identify a parameter of the subject datatype. If the direction of the parameter (component) which

return-parameter or has direction out, then the primary-dependency may designate any parameter in the
parameter-1list. If the parameter which contains the data-dependent type is a termination parameter, then
the primary-dependency shall designate another parameter in the same termination-parameter-1list.

When the subject datatype is a record datatype, the primary-dependency shall be a field-identifier and
shall identify a field of the subject datatype.

When the dependent-value contains N0 component-references, it refers to the value of the primary

component. Otherwise, the primary component shall be considered the "Oth component-reference", and the
following rules shall apply:
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If the nth component-reference is the last component-reference of the dependent-value, the
dependent-value shall refer to the value to which the nth component-reference refers.

If the nth component-reference is not the last component-reference, then the datatype of the nth
component-reference shall be a record datatype or a pointer datatype.

If the nth component-reference is not the last component-reference, and the datatype of the nth
component-reference iS a record datatype, then the (n+1)th component-reference shall be a field-
identifier which identifies a field of that record datatype; and the (n+1)th component-reference shall
refer to the value of that field of the value referred to by the nth component-reference.

N(

If the nth component-reference is not the last component-reference, and the datatype of the' nth

component-reference iS a pointer datatype, then the (n+1)th component-reference shall be|'*"; and
the (n+1)th component-reference shall refer to the value resulting from Dereference applied to {he value
referred to by the nth component-reference.

TE 1 The datatype which involves a dependent-value must be a component of some generated datatypg, but that

geperated datatype may itself be a component of another generated datatype, and so on,, Fhe subject datatype|may be

seyeral levels up this hierarchy.

N(

TE 2  The primary component, and thus the subject datatype, cannot be ambiguous, even when the primary-

dependency identifier appears more than once in such a hierarchy, according to.the scope rules specified in 7.3.1.

N(
res

TE 3  Inthe same wise, an identifier which may be either a value<identifier Or a dependent-value cap be
olved by application of the same scope rules. If the identifier X is found to have a “declaration” anywhere within the

outermost type-specifier which contains the reference to X, thenthat declaration is used. If no such declaratfon is

fod

7.6 GPD program text

A program-text designates a collection of GPD\statements.

Sy

TH

nd, then a declaration of X in a “global” context, e.g. as a valide=<identifier, applies.

ntax:
program-text = {, program-statement, "," };
program-statement = \type-specifier |
declaration |
normative-datatype-declaration
Datatypes
is clause defines'the collection of general-purpose datatypes. A general-purpose datatype is eithgr:

a datatype(defined in this clause, or

a datatype defined by a datatype declaration, as defined in 9.1.

Si

©l

ot 1l tH H 1N dad k. £ £ ] +hadl P~ . dafiait: £ L1 +ot .
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explicit specification of primitive datatypes, which have universal well-defined abstract notions, each
independent of any other datatype.

implicit specification of generated datatypes, which are syntactically and in some ways semantically
dependent on other datatypes used in their specification. Generated datatypes are specified implicitly by
means of explicit specification of datatype generators, which themselves embody independent abstract
notions.

specification of the means of datatype declaration, which permits the association of additional identifiers
and refinements to primitive and generated datatypes and to datatype generators.
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— specification of the means of defining subtypes of the datatypes defined by any of the foregoing methods.

A reference to a general-purpose datatype is a type-specifier, with the following syntax:

type-specifier = primitive-type |
subtype |
generated-type |
type-reference |
formal-parametric-type ;

A type-specifier shall not be a formal-parametric-type, except in some cases in type-declarations,
as providgd-by-clause-9-1-3-

This clauge also provides syntax for the identification of values of general-purpose datatypes and their
generated datatypes. Notations for values of datatypes are required in the syntactic designations for'subtypgs
and for some primitive datatypes.

=

NOTE 1 For convenience, or correctness, some datatypes and characterizing operations are defined in terms of othe
general-pufpose datatypes. The use of a general-purpose datatype defined in this clause always refers to the datatype go
defined.

NOTE 2 | The names used in this International Standard to identify the datatypes are derived in many cases from
common pilogramming language usage, but nevertheless do not necessarily correspond te the names of equivalent
datatypes ip actual languages. The same applies to the names and symbols for the operations associated with the
datatypes, pnd to the syntax for values of the datatypes.

8.1 Primitive datatypes

A datatyp¢ whose value space is defined either axiomatically or by enumeration is said to be a primitive
datatype. All primitive general-purpose datatypes shall be defined by this International Standard.

Syntax:

primijtive-type = boolean-type |
state-type |
enumerated-type |
character+type |
ordinal-type |
time-type |
integer-type |
rational-type |
scaled-type |
real-type |
complex-type |
void-type

Each primjitive datatype; or‘datatype family, is defined by a separate subclause. The title of each such
subclaus€ gives the_ informal name for the datatype, and the datatype is defined by a single occurrence of the
following femplate:

Description:prose description of the conceptual datatype.

Syntaxi.the syntactic productions for the type-specifier for the datatype.

Parametric values: identification of any parametric values which are necessary for the complete
identification of a distinct member of a datatype family.

Values: enumerated or axiomatic definition of the value space.

Value-syntax: the syntactic productions for denotation of a value of the datatype, and the identification of
the value denoted.

Properties: properties of the datatype which indicate its admissibility as a component datatype of certain
datatype generators: numeric or non-numeric, approximate or exact, unordered or ordered and, if
ordered, bounded or unbounded.

Operations: definitions of characterizing operations.

28 © ISO/IEC 2007 — Al rights reserved


https://standardsiso.com/api/?name=14530117b0295c43284d3a4611096ce5

ISO/IEC 11404:2007(E)

The definition of an operation herein has one of the forms:

or

In

operation-name (parameters) : result-datatype = formal-definition

operation-name (parameters) : result-datatype is prose-definition

either case, parameters may be empty, or be a list, separated by commas, of one or more formal

parameters of the operation in the form:

or

Th
fo
re
fo
thd
op
e
ex

In
the

parameter-name : parameter-datatype

parameter-name1 , parameter-name2 : parameter-datatype

€ operation-name is an identifier unique only within the datatype being defined. The parameter-
mal identifiers appearing in the formal-definition Of prose-definition)Edch is understood t
bresent an arbitrary value of the datatype designated by parameter-datatype, and all occurrence

b datatype of the value resulting from an application of the operation~A formal-definition defin
eration in terms of other operations and constants. A prose-definition defines the operation in
mewhat formalized natural language. When there are constraints on the parameter values, they a
pressed by a phrase beginning “where” immediately before the = or is.

some operation definitions, characterizing operations of a previously defined datatype are referen
p form: datatype.operation (parameters), where datatype is the type-specifier for the referg

datatype and operation is the name of a characterizing operation defined for that datatype.

8.
De

Sy

.1 Boolean
scription: boolean is the mathematical datatype associated with two-valued logic.
ntax:
boolean-type =) "boolean"
rametric Values: none.
lues: true, fakse,/such that true = false.
lue-syntax:;

boolean-literal = "true" |
"false"

Inames are
D
s of the

mal identifier represent the same value in any application of the operation. The result-datatypd indicates

bs the

ced with
nced

Pr

operties—unerdered—exaetnen-numerie-

Operations: Equal, Not, And, Or.

©l

Equal(x, y: boolean): boolean is defined by tabulation:

X y Equal(x,y)
false false true

false true false

true false false

true true true
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Not(x: boolean): boolean is defined by tabulation:

X Not(x)
false true
true false

Or(x, y: boolean): boolean is defined by tabulation:

X y Or(x,y)
false false false
false true true
trije false true
tryie true true

And(¥, y: boolean): boolean = Not(Or(Not(x), Not(y)))

NOTE Either And or Or is sufficient to characterize the boolean datatype, and given one, the othercan be defined |n
terms of it. [They are both defined here because both of them are used in the definitions of operations’on other datatypes.

8.1.2 State

Description: state is a family of datatypes, each of which comprises a finite number of distinguished but
unordered values.

Syntax:

"state", "(", state-value,, ")"
state-value-list |

value-space-source ;

state-literal, { ","s\‘state-literal } ;

statel-type
statef-value

statef-value-list

statej-literal identifier ;
valuel-space-source = "import", list-source-reference ;
list-flsource-reference = identifier |
'mr, URI-text, ('™
URI-tHext = '"', URI defified by IETF RFC2396, '"'

Parametrit Values: Each state-literal identifier shall be distinct from all other state-literal
identifiers of the same state-type.

—

Values: When the state-value-list form of state-values is used, the value space of a state datatype is the s&
comprising exactly the namedvalues in the state-value-1ist, each of which is designated by a unigye
state¢-literal. When the_value-space-source form is used, the value set shall be exactly the set of
code jvalues specified-inthe document identified by the list-source value. When the list-source is a URI-
value) it shall denaote a/valid value of the URI datatype. When the list-source is an objectidentifier-
valuef it shall denpte a valid value of the objectidentifier datatype, as defined in 10.1.10. In either
case,|the list-source value shall identify a document that explicitly defines a set of code values and their
denolations.

Value-synfax:

state-literal = Jidentifier ;

A state-literal denotes that value of the state datatype which has the same identifier.
Properties: unordered, exact, non-numeric.
Operations: Equal.

Equal(x, y: state(state-value-list)): boolean is true if x and y designate the same value in the state-
value-1ist, and false otherwise.
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NOTE Other uses of the IDN syntax make stronger requirements on the uniqueness of state-literal identifiers.

EXAMPLE The declaration:

type switch = new state (on, off);

defines a state datatype comprising two distinguished but unordered values, which supports the

characterizing operation:

Invert(x: switch): switch is if x = off then on, else off.

8.1.3 Enumerated

De¢scription: enumerated is a family of datatypes, each of which comprises a finite number of disting
values having an intrinsic order.

Syntax:

"enumerated”, "(", enumerated-value, "9
enumerated-value-list |

URI-to-value-space ;

enumerated-literal, { ",", enumerated-literal } /
identifier ;

(* URI defined by RFC 2396 *) ;

enumerated-type
enumerated-value

enumerated-value-list
enumerated-literal
URI-to-value-space

Pgrametric Values: Each enumerated-literal identifier shall be distinct from all other enumerated-liter

identifiers of the same enumerated-type.

Vglues: The value space of an enumerated datatype is the set comprising exactly the named values
enumerated-value-list, each of which is designated by a unique enumerated-1literal. The

referred to as the naming sequence of the enumerated datatype.
V3glue-syntax:

enumerated-literal = identifier ;

An enumerated-1literal denotes that value of the enumerated datatype which has the same

identifier.
Prpperties: ordered, exact;\non-numeric, bounded.
Operations: Equal, InOrder, Successor

Equal(x, y: enumerated(enumerated-value-list)): boolean is true if x and y designate the same val
enumerated-value-list, and false otherwise.

these values is given by the sequence of their occlurrence in the enumerated-value-1ist, whig

Lished

al

in the
order of
h shall be

e in the

InOrder(x, y: enumerated(enumerated-value-list)): boolean, denoted x <y, is true if x=y orif x precedes y

in the naming sequence, else false.

Successor(x: enumerated(enumerated-value-list)): enumerated(enumerated-value-list) is

if for all y: enumerated(enumerated-value-list), x <y implies x =y, then undefined,;

else the value y: enumerated(enumerated-value-list), such that x < y and for all z #x, x <z implies

y<z.

NOTE 1 Other uses of the IDN syntax make stronger requirements on the uniqueness of enumerated-1literal

identifiers.
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NOTE 2  The ordering on enumerated types imposed by programming languages is a convenience that allows
programs to reference all the values via for-loops and enables the compiler to use integer encodings to simplify
implementation. Properly, the enumerated type should be chosen over the state type only when the ordering has semantic
value. However, it may be necessary to declare the datatype of an object to be an enumerated GPD when the purpose is
to ensure the correct interpretation of an integer-based implementation.

EXAMPLE Enumerated types (short, medium, tall) and (light, medium, heavy) are distinct types of the family
“enumerated”, even though they have exactly the same number of elements, and the same characterizing operations:
Equal and InOrder. Enumerated types (short, medium, tall) and (short, moderate, medium, tall) are distinct types. It is outside
the scope of this International Standard whether or not the value medium is the same in both enumerated types.

8.1.4 Character
Description: character is a family of datatypes whose value spaces are character-sets.

Syntax:

character-type = "character",

[ "(", repertoire-list, mnro] o,
repertoire-identifier,

{ ",", repertoire-identifier }
reperftoire-identifier = value-expression ;

reperjtoire-list

Parametrif Values: The value-expression for a repertoire-identifier shall designate a value of the
obje¢tidentifier datatype (see 10.1.10), and that value shall refer {0 aCharacter-set. A repertoiret
identifier shall not be a formal-parametric-value, exceptin séme cases in declarations (see 9.1)
All repertoire-identifiers in a given repertoire-1list shall désignate subsets of the same
refergnce character-set. When repertoire-1ist is not specified, it shall have a default value. The
mearls for specification of the default is outside the scope of;this International Standard.

Values: The value space of a character datatype comprises.exactly the members of the character-sets
identified by the repertoire-1ist. In cases where the character-sets identified by the individual
repertoire-identifiers have members in common, the value space of the character datatype is the
(set) tinion of the character-sets (without duplication).

Value-synfax:

character-literal
any-character

msr, . any-character, mom
bound-character |

added-character |

escape-character ;
non-quote-character |

quote

non-quote-character = letter |

digit |

special |

underscore |

apostrophe |

space ;

? not defined by this International Standard ? ;
escape, character-name, escape /
identifier, { " ", identifier } ;

bound-character

added-character
escaﬁF-character

character-name

Every character-literal denotes a single member of the character-set identified by repertoire-1list.
A bound-character denotes that member which is associated with the symbol for the bound-character
per 7.1. An added-character denotes that member which is associated with the symbol for the added-
character by the implementation, as provided in 7.1. An escape-character denotes that member
whose “character name” in the (reference) character-set identified by repertoire-1ist is the same as
character-name.

Properties: unordered, exact, non-numeric.

Operations: Equal.
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Equal(x, y: character(repertoire-list)): boolean is true if x and y designate the same member of the
character-set given by repertoire-1ist, and false otherwise.

NOTE 1  The Character datatypes are distinct from the State datatypes in that the values of the datatype are defined by
other standards rather than by this International Standard or by the application. This distinction is semantically
unimportant, but it is of great significance in any use of these standards.

NOTE 2  The standardization of repertoire-identifier values will be necessary for any use of this International Standard
and will of necessity extend to character sets which are defined by other than international standards. Such
standardization is beyond the scope of this International Standard. A partial list of the international standards defining such
character-sets is included, for informative purposes only, in Annex A

NQTE 3  While an order relationship is important in many applications of character datatypes, there is no.stapdard
ordler for any of the International Standard character sets, and many applications require the order relationship fo conform
to fules which are particular to the application itself or its language environment. There will also be applications |in which
the order is unimportant. Since no standard order of character-sets can be defined by this Internatienal Standar,
chpracter datatypes are said to be “unordered”, meaning, in this case, that the order relationship.is ‘an applicatign-defined
addition to the semantics of the datatype.

NQTE 4 The terms character-set, member, symbol and character-name are those of {SO/IEC 10646, but thgre should
belanalogous notions in any character set referenceable by a repertoire-identifier.

NQTE 5 The value space of a Character datatype is the character set, not the character codes, as those ters are
defined by ISO/IEC 10646. The encoding of a character set is a representationlissue and therefore out of the sgope of this
International Standard. Many uses of this International Standard , howeyer{may require the association to codgs implied
by|the repertoire-identifier.

NQTE 6  An occurrence of three consecutive APOSTROPHE characters (' ' ') is a valid character-1literal denoting
the APOSTROPHE character.

EXAMPLE character ({ iso standard 8859 part\1l }) denotes a character datatype whose values arg the
mgmbers of the character-set specified by ISO/IEC 8859-1 (Latin alphabet No. 1). It is possible to give this datatype a
copvenient name, by means of a type-declarationsee 9.1), e.g.:

type Latinl = character({ iso standard 8859 part 1 });
or by means of a value-declaration (5€€y9.2):
value latin : objectidentifier = { iso(l) standard(0) 8859 part(l) };

Ndw, the COLON mark (:) is a8 member of the ISO/IEC 8859-1 character set and therefore a value of datatype Latin1, or
eqpivalently, of datatype character(latin). Thus, ': ' and '!colon! ', among others, are valid character-literpls
depoting that value.

8.1.5 Ordinal

1*2}

De¢scriptionf.ordinal is the datatype of the ordinal numbers, as distinct from the quantifying number
(datatype integer). ordinal is the infinite enumerated datatype.

Syntax:

ordinal-type = '"ordinal"
Parametric Values: none.
Values: the mathematical ordinal numbers: “first”, “second”, “third”, etc., (a denumerably infinite list).
Value-syntax:

number ;
digit-string ;

ordinal-literal
number
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An ordinal-literal denotes that ordinal value which corresponds to the cardinal number identified by
the digit-string, interpreted as a decimal number. An ordinal-literal shall not be zero.

Properties: ordered, exact, non-numeric, unbounded above, bounded below.

Operations: Equal, InOrder, Successor

Equal(x, y: ordinal): boolean is true if x and y designate the same ordinal number, and false otherwise.

InOrder(x, y: ordinal): boolean, denoted x < y, is true if x=y orif x precedes y in the ordinal numbers,

else fhlse.

Succeéssor(x: ordinal): ordinal is the value y: ordinal, that x <y and forall z=x, x<z implies y<z-

8.1.6 Ddte-and-Time

Description: time is a family of datatypes whose values are points in time to various commen resolutions:

year, month, day, hour, minute, second, and fractions thereof.

Syntax:
time-jtype = "time", " (", time-unit,
[ ",", radix, ",", factor ],

time-unit = '"year" |

"month" |

"day" I

"hour" |

"minute" |

"second" |

formal-parametric-value \ ;
radix| = value-expression ;
factor = value-expression

Parametri¢ Values: time-unit shall be a value of the-datatype state (year, month, day, hour, minute
second), designating the unit to which the point in time is resolved. If radix and factor are omitted, the
resolyition is to one of the specified time=unit. If present, radix shall have an integer value greater thgn
1, andl factor shall have an integer value. When radix and factor are present, the resolution is to on
radix"f2°*%) of the specified time-unit. time-unit, and radix and factor if present, shall not be
formal-parametric-valueS except in some occurrences in declarations (see 9.1).

Values: The value-space of a date*and-time datatype is the denumerably infinite set of all possible points in

time with the resolution (time-unit, radix, factor).

Value-syntax:

time-|{literal = string-literal ;

A tine-Jiteral denotes a date-and-time value. The characterstring value represented by the stringf

[4

Y%

literdd-shall conform to ISO 8601. The time-1literal denotes the date-and-time value specified by tlpe

charactersiring as interpreted under ISO 860T.
Properties: ordered, exact, non-numeric, unbounded.

Operations: Equal, InOrder, Difference, Round, Extend.

Equal(x, y: time(time-unit, radix, factor)): boolean is true if x and y designate the same point in time to the

resolution (time-unit, radix, factor), and false otherwise.

InOrder(x, y: time(time-unit, radix, factor)): boolean is true if the point in time designated by y does not

precede that designated by x ; else false.

34
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Difference(x, y: time(time-unit, radix, factor)): timeinterval(time-unit, radix, factor) is:

if InOrder(x, y), then the number of time-units of the specified resolution elapsing between the time x

and the time y ; else, let z be the number of time-units elapsing between the time y and th
then Negate(z).

e time x,

Extend.res1tores2(x: time(unit1, radix1, factor1)): time(unit2, radix2, factor2), where the resolution (res2)

specified by (unit2, radix2, factor2) is more precise than the resolution (res?) specified by (unit1, ra
factor?), is that value of time(unit2, radix2, factor2) which designates the first instant of time occurri
the span of time(unit2, radix2, factor2) identified by the instant x.

dix1,
ng within

Round.res1tores2(x: time(unit1, radix1, factor1)): time(unit2, radix2, factor2), where the resolution (re
specified by (unit2, radix2, factor2) is less precise than the resolution (res?) specified by (unitl) raqg
factor1), is the largest value y of time(unit2, radix2, factor2) such that InOrder(Extend.res2tores1(y),

NQTE The operations yielding specific time-unit elements from a time(unit, radix, factor) value, e.g. Year,
DdyofYear, Dayof-Month, TimeofDay, Hour, Minute, Second, can be derived from Round, Extend, and Diff

2)
ix1,

)

Month,
Brence.

>

EXAMPLE time (second, 10, 0) designates a date-and-time datatype whose valdes are points in time with

acpuracy to the second.

"1p910401T120000" specifies the value of that datatype which is exactly noon‘en April 1, 1991, universal time.

8.1.7 Integer

De¢scription: integer is the mathematical datatype comprising'the exact integral values.

Syntax:
integer-type = '"integer"

Pgrametric Values: none.

Vdlues: Mathematically, the infinite ring\preduced from the additive identity (0) and the multiplicative idgntity (7)

Vglue-syntax:

signed-number
[ "-" ], number ;
digit-string

integer-literal
signed-number
number

is the fiegative of that value.

Prpperties: ordered, exact, numeric, unbounded.

by requiring 0<1 and Add(x,]) =y forany y<x.Thatis: ...,-2,-1,0, 1, 2, ... (a denumerably infinite list).

An integer-literal denotes an integer value. If the negative-sign ("-") is not present, the value derjoted is
that of thé digit-string interpreted as a decimal number. If the negative-sign is present, the value|denoted

Operations: Equal, InOrder, NonNegative, Negate, Add, Multiply.

Equal(x, y: integer): boolean is true if x and y designate the same integer value, and false otherwise.

Add(x, y: integer): integer is the mathematical additive operation.
Multiply(x, y: integer): integer is the mathematical multiplicative operation.

Negate(x: integer): integer is the value y: integer such that Add(x,y)=0.
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NonNegative(x: integer): boolean is
true if x=0 or x can be developed by one or more iterations of adding 1 to 0,
i.e.if x=Add(1, Add(l,... Add(1, Add(1,0))...)) ;
else false.

InOrder(x, y: integer): boolean = NonNegative(Add(x, Negate(y))).

The fpllowing operations are defined solely in order to facilitate other datatype definitions:

Quotipnt(x, y: integer): integer, where 0 < y , is the upperbound of the set of all integers z such that
MuItiIIy(y,z) <x.

Remalinder(x, y: integer): integer, where 0 <x and 0 < y , = Add(x, Negate(Multiply(y, Quotient(x,y))));

8.1.8 Rdtional
Description: Rational is the mathematical datatype comprising the “rational numbers”.

Syntax:
ratiopal-type = '"rational"

Parametri¢ Values: none.
Values: Mathematically, the infinite field produced by closing the Integer ring under multiplicative-inverse.

Value-synfax:
ratiopal-literal = signed-number, °‘{-"/", number ] ;

Signgd-number and number shall denote the’corresponding integer values. number shall not designate
the value 0. The rational value denoted by the form signed-number is:

Promote(signed-number),

and the rational value denoted by the form signed-number/number is:

Multiply(Promote(signed-number), Reciprocal(Promote(number))).
Propertieq: ordered, exact, numeric, unbounded.

Operationp: Equal;-NonNegative, InOrder, Promote, Add, Negate, Multiply, Reciprocal.

Equa!(x, y: rational): boolean is true if x and y designate the same rational number, and false otherwisgq.

NonNegative(k: rational): boolean is defined by:

For every rational value %, there is a non-negative integer n, such that Multiply(n,k) is an integral
value, and:

NonNegative(k) = integer.NonNegative(Multiply(n,k)).
InOrder(x, y: rational): boolean = NonNegative(Add(x, Negate(y)))

Promote(x: integer): rational is the embedding isomorphism between the integers and the integral rational
values.
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Add(x, y: rational): rational is the mathematical additive operation.
Negate(x: rational): rational is the value y: rational such that Add(x,y)=0.
Multiply(x, y: rational): rational is the mathematical multiplicative operation.

Reciprocal(x: rational): rational, where x = 0, is the value y: rational such that Multiply(x,y)=1.

8.1.9 Scaled

De¢scription: Scaled is a family of datatypes whose value spaces are subsets of the rational value,sp
individual datatype having a fixed denominator, but the scaled datatypes possess the concépt o
approximate value.

Syntax:
scaled-type = "scaled", "(", radix, ",", factor, ")" ;
radix = value-expression ;
factor = value-expression

Pgrametric Values: radix shall have an integer value greater than 1, andfactor shall have an intege
radix and factor shall not be formal-parametric-values exceptiin’some occurrences in deq
(see 9.1).

Vglues: The value space of a scaled datatype is that set of values.of the rational datatype which are
expressible as a value of datatype Integer divided by radix raised to the power factor.

V3glue-syntax:

scaled-literal
scale-factor

integer-literal,\\[ "*", scale-factor ] ;
number, "*", (/signed-number

A scaled-1literal denotes a value of a(scaled datatype. The integer-literal is interpreted
decimal integer value, and the scaleifactor, if present, is interpreted as number raised to the

be the same as the radix of the.datatype. If the scale-factor is not present, the value is that
by integer-literal. If the scale-factoris present, the value denoted is the rational value
Multiply(integer-literal, scale-factor).

Prpperties: ordered, exact;\numeric, unbounded.

Operations: Equal, InQrder, Negate, Add, Round, Multiply, Divide

Equal(x, y:-scaled(r,f): boolean is true if x and y designate the same rational number, and false
otherwise.

InOrder(x, y: scaled (r,f)): boolean = rational.InOrder(x,y)

ace, each
f

r value.
larations

ps a
power

signed-number, Where number and-signed-number are expressed as decimal integers. Number should

lenoted

Negate(x: scaled (r,f)): scaled (r,f) = rational.Negate(x)
Add(x, y: scaled (r,)): scaled (r,f) = rational. Add(x,y)

Round(x: rational): scaled(r,f) is the value y: scaled(r,f) such that rational.InOrder(y, x) and for all z:
scaled(r,f), rational.InOrder(z,x) implies rational.InOrder(z,y).

Multiply(x, y: scaled(r,f)): scaled(r,f) = Round(rational.Multiply(x,y))

Divide(x, y: scaled(r,f)): scaled(r,f) = Round(rational.Multiply(x, Reciprocal(y)))
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EXAMPLE 1 A datatype representing monetary values exact to two decimal places can be defined by:

type currency = new scaled (10, 2);

where the keyword new is used because currency does not support the Multiply and Divide operations characterizing
scaled(10,2).

EXAMPLE 2 The value 39.50 (or 39,50), i.e. thirty-nine and fifty one-hundredths, is represented by: 3950x10_2 ,
while the value 10.00 (or 10,00) may be represented by: 10 .

NOTE 1

Integer under all operations except Divide, which is not defined on Integer in this International Standard, but could be
defined conpsistent with the Divide operation for scaled(r, 0). It is recommended that the datatype scaled(r, .0) 1ot Qe
used expliditly.

NOTE 2 | Any reasonable rounding algorithm is equally acceptable. What is required is that any rational\value v which
is not a val(ie of the scaled datatype is mapped into one of the two scaled values »-»©/ and (n +1)-r(’f) , such that in

the Rationgl value space, n-r") <v<(n+1)-r .

NOTE 3 | The proper definition of scaled arithmetic is complicated by the fact that scaled.datatypes with the same rad|x
can be conpbined arbitrarily in an arithmetic expression and the arithmetic is effectively Rational until a final result must e
produced. At this point, rounding to the proper scale for the result operand occurs. Consequently, the given definition of
arithmetic, for operands with a common scale factor, should not be considered a specification for arithmetic on the scaled
datatype.

NOTE 4 | The values in any scaled value space are taken from the value space of the Rational datatype, and for that
reason Scdled may appear to be a “subtype” of both Rational and Real (s€e’/8.2). But scaled datatypes do not “inherit” the
Rational or|Real Multiply and Reciprocal operations. Therefore scaled datatypes are not proper subtypes of datatype Rdal
or Rationalf The concept of Round, and special Multiply and Divide eperations, characterize the scaled datatypes. Unlike
Rational, Reeal and Complex, however, Scaled is not a mathematieal group under this definition of Multiply, although the
results are jintuitively acceptable.

NOTE 5 | The value space of a scaled datatype contains.the multiplicative identity (1) if and only if factor >0.

NOTE 6 | Every scaled datatype is exact, because every value in its value space can be distinguished in the
computatiohal model. (The value space can be mapped 1-to-1 onto the integers.) It is only the operations on scaled
datatypes Which are approximate.

NOTE 7 | Scaled-literals are interpreted as decimal values regardless of the radix of the scaled datatype to which they
belong. It was not found necessary fer, this International Standard to provide for representation of values in other radicesg,
particularly|since representation of-values in radices greater than 10 introduces additional syntactic complexity.

8.1.10 Reqal

Description: real is7a family of datatypes which are computational approximations to the mathematical
datatype comprising the “real numbers”. Specifically, each real datatype designates a collection of
mathgmatical real values which are expressed to some finite precision and must be distinguishable to af
least that,precision.

Syntax:
real-type = "real", [ "(", radix, ",", factor, ")" ] ;
radix = value-expression ;
factor = value-expression

Parametric Values: radix shall have an integer value greater than 1, and factor shall have an integer value
greater than 0. radix and factor shall not be formal-parametric-values except in some occurrences in
declarations (see 9.1). When radix and factor are not specified, they shall have default values. The
means for specification of these defaults is outside the scope of this International Standard.
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Values: The value space of the mathematical real type comprises all values which are the limits of convergent

sequences of rational numbers. The value space of a computational real datatype shall be a subset of the
mathematical real type, characterized by two parametric values, radix and factor, which, taken
together, describe the precision to which values of the datatype are distinguishable, in the following
sense:

Let R denote the mathematical real value space and for v in R, let |v| denote the absolute value of v.
Let ' denote the value space of datatype real (radix, factor), and let & =radix""*” . Then V shall
be a subset of R, with the following properties:

V4

Pr

Operations: Equal, InOrder, Promote, Negate, Add’Multiply, Reciprocal.

—0isin 7V ;
—for each r in R such that |r| > ¢, there exists at least one ' in ¥ such that |r—r'|s|r|og;

—for each r in R such that |r| < ¢, there exists at least one »' in ¥ such that |r—r'|£82.

lue-syntax:
real-literal = integer-literal, [ "*", scale-factor-\]
scale-factor = number, "ar,  signed-number ;
A real-literal denotes a value of a real datatype. The integer=literal is interpreted as a ¢iecimal
integer value, and the scale-factor, if present, is interpreteddas number raised to the power sjgned-
number, where number and signed-number are expressed.as)decimal integers. If the scale-f4ctor is
not present, the value is that denoted by integer-literaX, If the scale-factor is present, the value
denoted is the rational value Multiply(integer-literal, scale-factor).

bperties: ordered, approximate, numeric, unbounded:

In the following operation definitions, letA7 designate an approximation function which maps each r in
R into a corresponding 7' in V' with the properties given above and the further requirement that for each
vinV, M(v)=v.

Equal(x, y: real(radix, factor))iboolean is true if x and y designate the same value, and false othgrwise.

InOrder(x, y: real(radjx;factor)): boolean is true if x <y, where < designates the order relationship on R,
and false otherwise:-

Promote(x: rational): real(radix, factor) = M (x) .

Add(x;y: real(radix, factor)): real(radix, factor) = M (x + y), where + designates the additive operation on the
mathematical reals.

pperation

on the mathematical reals.

Negate(x: real(radix, factor)): real(radix, factor) = M (—x) , where —x is the real additive inverse of x.

Reciprocal(x: real(radix, factor)): real(radix, factor), where x =0, = M (x') where x' is the real multiplicative
inverse of x.

NOTE 1 The general-purpose datatype real is not the abstract mathematical real datatype, nor is it an abstraction of
floating-point implementations. It is a computational model of the mathematical reals which is similar to the “scientific
number” model used in many sciences. Details of the relationship of a real datatype to floating-point implementations may

be

specified by the use of annotations (see 7.4). For languages whose semantics in some way assumes a floating-point
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representation, the use of such annotations in the datatype mappings may be necessary. On the other hand, for some
applications, the representation of a real datatype may be something other than floating-point, which the application would
specify by different annotations.

NOTE 2  Detailed requirements for the approximation function, its relationship to the characterizing operations, and the
implementation of the characterizing operations in languages are provided by ISO/IEC 10967-1, Information technology —
Language independent arithmetic — Part 1: Integer and floating point arithmetic.8) IEC 60559:1989, Binary floating-point
arithmetic for microprocessor systems, specifies the requirements for floating-point implementations thereof.

EXAMPLES

real (10, J) denotes a real datatype with values which are accurate to / significant decimal figures.
real (2, 4B) denotes a real datatype whose values have at least 48 bits of precision.

1 * 10 ~ p denotes the value 1 000 000 000, i.e. 10 raised to the ninth power.

15 * 10 ~| -4 denotes the value 0,0015, i.e. fifteen ten-thousandths.

3 x2~

L denotes the value 1.5, i.e. 3/2.

8.1.11 Cgmplex

Description: complex is a family of datatypes, each of which is a computational approximation to the
mathg¢matical datatype comprising the “complex numbers”. Specifically, each complex datatype
desighates a collection of mathematical complex values which are‘known to certain applications to some
finite precision and must be distinguishable to at least that precision in those applications.

Syntax:

"complex", [ "(", - radix, m, ", factor, m"T 1 ;
value-expression
value-expression (7

complex-type
radix|
factor

Parametri¢ Values: radix shall have an integer yalue greater than 1, and factor shall have an integer value
greater than 0. radix and factor shall notbe formal-parametric-values exceptin some occurrencgs
in deglarations (see 9.1). When radix-and factor are not specified, they shall have default values. The
mearls for specification of these defaults is outside the scope of this International Standard.

Values: The value space of the mathematical complex type is the field which is the solution space of all
polynpmial equations having.real coefficients. The value space of a computational complex datatype shjll
be a $ubset of the mathematical complex type, characterized by two parametric values, radix and
facter, which, taken-together, describe the precision to which values of the datatype are distinguishable,
in the| following serse:

Let  denote:thé mathematical complex value space and for v in C, let |v| denote the absolute value
of v.|Letd”\‘denote the value space of datatype complex (radix, factor), and let & = radix"" "
Then| ¥~shall be a subset of C with the following properties:

—0isin V;
—for each v in C such that |v|> ¢, there exists at least one v' in ¥ such that [v—v|<|\|-;

—for each v in C such that || < ¢, there exists at least one v' in ¥ such that |v—v‘| <g’.

6) The ISO/IEC 10967 series provides a common model of arithmetic in programming and database languages.
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Value-syntax:

"(", real-part, ",", imaginary-part, ")
real-literal ;
real-literal

complex-literal
real-part
imaginary-part

A complex-literal denotes a value of a complex datatype. The real-part and the imaginary-part
are interpreted as real values, and the complex value denoted is: M (realpart + (imaginarypart -i)) , where
+ is the additive operation on the mathematical complex numbers and « is the multiplicative operation on
the mathematical complex numbers, and i is the “principal square root” of —1 (one of the two solutions to
x24+1=0)

Prpperties: approximate, numeric, unordered.
Operations: Equal, Promote, Negate, Add, Multiply, Reciprocal, SquareRoot.

In the following operation definitions, let A designate an approximation function.which maps each v
in C. into a corresponding V' in V' with the properties given above and the further requirement that for
eachvinV, M(v)=v.

Equal(x, y: complex(radix, factor)): boolean is true if x and y designate’the same value, and falsq
otherwise.

Promote(x: real(radix, factor)): complex(radix, factor) = M (x) ,,eonsidering x as a mathematical rea] value.

Add(x, y: complex(radix, factor)): complex(radix, factor) =¢MXx + y) , where + designates the additiye
operation on the mathematical complex numbers,

Multiply(x, y: complex(radix, factor)): complex(radix, factor) = M (x - y), where « designates the multiplicative
operation on the mathematical complex numbers.

Negate(x: complex(radix, factor)): complex(radix, factor) = M (—x), where —x is the complex additive inverse
of x.

Reciprocal(x: complex(radix;.faetor)): complex(radix, factor), where x =0, = M(x') where x' is the complex
multiplicative inverse of _x.

SquareRoot(x: complex(radix, factor)): complex(radix, factor) = M(y), where y is one of the two
mathematical cemplex values such that y -y =x . Every complex number can be uniquely represented in
the form a +4 i, where i is the “principal square root” of —1, in which a is designated the real|part and
b is designated the imaginary part. The y value used is that in which the real part of y is posifjive, if

any, elseythat in which the real part of y is zero and the imaginary part is non-negative.

NQTE Detailed requirements for the approximation function, its relationship to the characterizing operatiorjs, and the
impleémentation of the characterizing operations in languages are to be provided by Parts of ISO/IEC 10967, Infprmation

tn hanl | BNV TRV indanandant-acithnaati
CCrmrorogy —angoaagCTTTaCPCTTa T itHiicte:

8.1.12 Void

Description: void is the datatype representing an object whose presence is syntactically or semantically
required, but carries no information in a given instance.

Syntax:
void-type = '"void"

Parametric Values: none.
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Values: Conceptually, the value space of the void datatype is empty, but a single nominal value is necessary
to perform the “presence required” function.

Value-syn

void-

tax:

literal = "nil"

“nil” is the syntactic representation of an occurrence of void as a value.

Properties: none.

Operation

Equal(x, y: void) = true,

NOTE 1
returns no

NOTE 2
this Interna
of a record

NOTE 3
aggregate

NOTE 4

8.2 Subtypes and extended types

A subtypelis a datatype derived from an existing datatype, designated the base datatype, by restricting the

value spa

are created by a kind of datatype generator which is unusual in that its only function is to define the

relationsh|p between the value spaces of the base datatype and the subtype.
Syntax:
subtype = range-Subtype |

5: Equal.

The void datatype is used as the implicit type of the result parameter of a procedure datatype|(8-3.3) which
alue, or as an alternative of a choice datatype (8.3.1) when that alternative has no content,

The void datatype is represented in some languages as a record datatype (see 8.4.4) which has no fields. |
datatype.

Like the motivation for the void datatype itself, Equal is required in order tosupport the comparison of
alues containing void and it must yield true.

The “empty set” is not a value of datatype void, but rather a value‘of the appropriate set datatype (see 8.4.2

Ce to a subset of that of the base datatype whilstmaintaining all characterizing operations. Subtyp

selecting-subtype |
excluding-subtype |
size-subtype |
explicit-subtype |
extended-type

informal n
following

Each subEpe generator i$ defined by a separate subclause. The title of each such subclause gives the

Description: prose description of the subtype value space.

me for the subtype generator, and the subtype generator is defined by a single occurrence of the
mplate:

Synt
identi

tional Standard, the void datatype is not a record datatype, because it has none of the'properties or operations

n

subtype.

Components: constraints on the base datatype and parametric values.

Values: formal definition of resulting value space.

Properties:

the presence and values of the bounds. This entry therefore defines only the effects of the subtype
generator on the bounds.

42

all datatype properties are the same in the subtype as in the base datatype, except possibly
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All characterizing operations are the same in the subtype as in the base datatype, but the domain of a
characterizing operation in the subtype may not be identical to the domain in the base datatype. Those values
from the value space of the subtype which, under the operation on the base datatype, produce result values
which lie outside the value space of the subtype, are deleted from the domain of the operation in the subtype.

8.21

Range

Description: range creates a subtype of any ordered datatype by placing new upper and/or lower bounds on

the value space.

Syntax:
range-subtype = base, "range'", "(", select-range, "o
select-range = Jlowerbound, "..'", wupperbound ;
lowerbound = value-expression |
"ok
upperbound = value-expression |
"ok
base = type-specifier ;

Cq

[«

Pr

8-A

De

Sy

mponents: Base shall designate an ordered datatype. When lowerbound-and upperbound are v.

n*v it indicates that no upper bound is being specified. lowerbound and upperbound shall not
formal-parametric-valueS, except in some occurrences in-déclarations (see 9.1).

lues: all values v from the base datatype such that lowerbound < v, if lowerbound is specified, and
upperbound, if upper-bound is specified.

pperties: The subtype is bounded (above, below, both) if the base datatype is so bounded or if the
range specifies the corresponding bounds.

p.2 Selecting

scription: selecting creates a subtype of any exact datatype by enumerating the values in the su
value-space.

ntax:

base, "selecting”,
select-item, {
value-expression |
select-range
lowerbound,

"(", select-list,
select-item }

selecting-subtype nyn
select-list

select-item

[ o
7o ’

7
" "
. 7

select-range

upperbound

’

lowerbound value-expression |
"o

upperbound = value-expression |
"o

base = type-specifier ;

Cq

ue-

expressions, they shall have values of the base datatype such that InOrder(lowerbound, upperbound).
When lowerboundis "*", it indicates that no lower bound is being specified, and when upperbgund is

e

V<

select-

btype

list. A select-itemshall not be a select-range unless the base datatype is ordered. When

ions, they

shall have values of the base datatype, and each value shall be distinct from all others in the select-

lowerbound and upperbound are value-expressions, they shall have values of the base datatype such
that InOrder(lowerbound, upperbound). When lowerboundis "*", it indicates that no lower bound is being
specified, and when upperbound is "*", it indicates that no upper bound is being specified. No value-
expression OcCcurring in the select-1list shall be a formal-parametric-value, exceptin some

occurrences in declarations (see 9.1).

Values: The values specified by the select-1ist designate those values from the value-space of the base
datatype which comprise the value-space of the selecting subtype. A select-itemwhich is a value-
expression specifies the single value designated by that value-expression. A select-item which is a
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select-range specifies all values v of the base datatype such that lowerbound < v, if Iowerbound is
specified, and v < upperbound, if upperbound is specified.

Properties: The subtype is bounded (above, below, both) (1) if the base datatype is so bounded, or (2) if no

select-range appears in the select-1ist, or (3) if all select-ranges in the select-1ist specify the
corresponding bounds.

8.2.3 Excluding

Description: excluding creates a subtype of any exact datatype by enumerating the values which are to be
exclugded in constructing the subtype value-space.

Syntax:

excluding-subtype
seledt-list
seledt-item

base, '"excluding”, "(", select-list, ")"
select-item, { ",", select-item } ;
value-expression |

select-range ;

lowerbound, "..", upperbound ;

seledt-range

lowerppound value-expression |
"ok

upperpound = value-expression |
"ok

base = type-specifier ;

Componehts: base shall designate an exact datatype. A select-item shall\not be a select-range unless
the base datatype is ordered. When lowerbound and upperbound.aré value-expressions, they shall
have [values of the base datatype such that InOrder(lowerbound, upperbound). When lowerboundis "*"| it
indicgtes that no lower bound is being specified, and when upperbound is "*", it indicates that no uppef
bou:ﬁ is being specified. NO value-expression occurring:in' the select-1ist shall be a formal-
parahetric-value, except in some occurrences in deglarations (see 9.1).

Values: The value space of the excluding subtype comprises all values of the base datatype except for thoge
specified by the select-1ist. A select-itemWhich is a value-expression specifies the single valug
desighated by that value-expression. A select-item which is a select-range specifies all values v of
the base datatype such that lowerbound.<'v;if a lower bound is specified, and v < upperbound, if an upper
bound is specified.

Propertieq: The subtype is bounded (above, below, both) if the base datatype is so bounded or if some
sele¢t-range appears in the select-1ist and does not specify the corresponding bound.

‘size” (. minimum-size
[ "..", maximum-size ], ")"
value-expression ;

value-expression |
ral

minimum-size
maximum-size

base

type-specifier ;

Components: base shall designate a generated datatype resulting from the sequence, set, bag, or table
generator, or from a new datatype generator whose value space is constructed by such a generator (see
9.1.3). minimum-size shall have an integer value greater than or equal to zero, and maximum-size, if it is
a value-expression, shall have an integer value such that minimum-size < maximum-size. If maximum-
size is omitted, the maximum size is taken to be equal to the minimum-size, and if maximum-size is
n*v_the maximum size is taken to be unlimited. minimum-size and maximum-size shall not be formai-
parametric-valueS, except in some occurrences in declarations (see 9.1).
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Values: The value space of the subtype consists of all values of the base datatype which contain at least
minimum-size values and at most maximum-size values of the element datatype.

Subtypes: Any size subtype of the same base datatype, such that base-minimum-size < subtype-minimum-
size, and subtype-maximum-size < base-maximum-size.

Properties: those of the base datatype; the aggregate subtype has fixed size if the maximum size is (explicitly
or implicitly) equal to the minimum size.

8.2.5 Explici

Description: Explicit subtyping identifies a datatype as a subtype of the base datatype and defines)the
construction procedure for the subset value space in terms of general-purpose datatypes)or datatype
generators.

Syntax:

explicit-subtype
base
subtype-definition

base, '"subtype”, "(", subtype-definition,~"")"
type-specifier ;
type-specifier

Components: base may designate any datatype. The subtype-definiitien shall designate a datatype whose
value space is (isomorphic to) a subset of the value space of the base datatype.

Vglues: The subtype value space is identical to the value space ofthe datatype designated by the subtype-
definition.

Prpperties: exactly those of the subtype-definition datatype.
NQTE 1 When the base datatype is generated by a datatype generator, the ways in which a subset value space can be
copstructed are complex and dependent on the nature\of the base datatype itself. Clause 8.3 specifies the subtyping

popsibilities associated with each datatype generator.

NQTE 2 It is redundant, but syntactically acceptable, for the subtype-definition to be an occurrence of a subfype-
generator, e.g.

integer subtype (integer .selecting(0..5))
8.2.6 Extended

De¢scription: Extended creates a datatype whose value-space contains the value-space of the base datatype
as a proper subset.

Syntax:

extended-type base, [ "plus", '"sentinel" ],

"(", extended-value-list, "
extended-value, { ",", extended-value }
extended-literal |
formal-parametric-value
identifier ;
type-specifier

extended-value-list
extended-value

extended-literal
base

Components: base may designate any datatype. An extended-value shall be an extended-1iteral, except
in some occurrences in declarations (see 9.1). Each extended-1iteral shall be distinct from all value-
literals and value-identifiers, if any, of the base datatype and distinct from all others in the
extended-value-list.

Values: The value space of the extended datatype comprises all values in the value-space of the base

datatype plus those additional values specified in the extended-value-1ist. If sentinel is included in
the type specification, the additional values are sentinel values in the value space.
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NOTE 1  The value space of a datatype is the set of values specified in the definition of the datatype. Sentinel values
are values that can occur wherever values of the value space can occur; they can be distinguished by Equal from values
in the value space. Sentinel values must be specified explicitly even for a datatype that is defined axiomatically. For
example, it follows that {short, medium, tall} and {short, medium, tall, sentinels = Unknown, Unspecified} are two
distinct datatypes with the same value space.

Properties: The subtype is bounded (above, below, both) if the base datatype is so bounded or if the
additional values are upper or lower bounds.

The definition of an extended datatype shall include specmcatlon of the characterlzmg operatlons on the base
datatype a
base data

ype is ordered, the behavior of the InOrder operation on the added values shall be specified.

NOTE 2 |extended produces a subtype relationship in which the base datatype is the subtype and the extended
datatype has the larger value space.

NOTE 3 | Other uses of the IDN syntax make stronger requirements on the uniqueness of extended-literal identifiers.

8.3 Generated datatypes

A generated datatype is a datatype resulting from an application of a datatype generator. A datatype
generatorl|is a conceptual operation on one or more datatypes which yields a datatype. A datatype generatof
operates ¢n datatypes to generate a datatype, rather than on values to generate a value. The datatypes on
which a datatype generator operates are said to be its parametric or compohent datatypes. The generated
datatype is semantically dependent on the parametric datatypes, but has its own characterizing operations. An
important characteristic of all datatype generators is that the generator can be applied to many different
parametri¢ datatypes. The Pointer and Procedure generators generate datatypes whose values are atomic,
while Chol|ce and the generators of aggregate datatypes generate datatypes whose values admit of
decompogition. A generated-type designates a generated datatype.

Syntax:

generfated-type = pointer-type |
procedure-type |
choice-type\\J
aggregate+<type |
import-type

This Interpational Standard defines common datatype generators by which an application of this International
Standard may define generated datatypes. (An application may also define “new” generators, as provided in
clause 9.1.3.) Each datatype generator is defined by a separate subclause. The title of each such subclause
gives the Informal name for thé-datatype generator, and the datatype generator is defined by a single
occurrencg of the following template:

Description: prose-description of the datatypes resulting from the generator.

Syntax: thesyntactic production for a generated datatype resulting from the datatype generator,
including identification of all parametric datatypes which are necessary for the complete identification of]
a distjnct'datatype.

the generator
Values: formal definition of resulting value space.

Properties: properties of the resulting datatype which indicate its admissibility as a component datatype
of certain datatype generators: numeric or non-numeric, approximate or exact, ordered or unordered, and
if ordered, bounded or unbounded.

Subtypes: generators, subtype-generators and parametric values which produce subset value spaces.

Operations: characterizing operations for the resulting datatype which associate to the datatype
generator. The definitions of operations have the form described in 8.1.
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NOTE Unlike subtype generators, datatype generators yield resulting datatypes whose value spaces are entirely
distinct from those of the component datatypes of the datatype generator.

8.3.1 Choice

Description: Choice generates a datatype called a choice datatype, each of whose values is a single value
from any of a set of alternative datatypes. The alternative datatypes of a choice datatype are logically
distinguished by their correspondence to values of another datatype, called the tag datatype.

Syntax:
choice-type = '"choice", "(", [ field-identifier ":" ],
tag-type, [ "=" discriminant ], "
"of", "(" alternative-list ")"

field-identifier
tag-type
discriminant
alternative-list

identifier ;
type-specifier ;
value-expression ;
alternative, { ",", alternative 1},
[ ",", default-alternative ] /
tag-value-list, [ field-identifier ],
":", alternative-type
"default”, ":", alternative-type
type-specifier ;
"(", select-list, ")"
select-item, { ",", select-item‘ } ;
value-expression |
select-range ;
lowerbound, "..", upperbound ;

value-expression |
"ok

alternative

default-alternative
alternative-type
tag-value-list
select-list
select-item

select-range
lowerbound

value-expression |
"ok

upperbound

Components: Each alternative-type in the alternative-1list may be any datatype. The tag-type shall
be an exact datatype. The tag-value-1list of each alternative shall specify values in the value|space of
the (tag) datatype designated by tag-type A select-item shall not be a select-range unless the tag
datatype is ordered. When lowerbound and upperbound are value-expressions, they shall hgve values
of the tag datatype such that InOrder(lowerbound, upperbound). When lowerboundis "*", it indicates that
no lowerbound is being specified,\and when upperboundis "*", it indicates that no upperbound is being
specified. No value-expressionin the select-1ist shall be a parametric value, except in some
occurrences in declarations.(see 9.1).

A choice datatype defines“an association from the value space of the tag datatype to the set of|
alternative datatypes-in.the alternative-1ist, such that each value of the tag datatype associjates with
exactly one alternative datatype. The tag-value-1list of an alternative specifies those values ¢f the tag
datatype which(are associated with the alternative datatype designated by the alternative-type in the
alternative. A\select-item which is a value-expression specifies the single value of the tag datatype
designated by that value-expression. A select-item which is a select-range specifies all vplues v of
the tag{datatype such that lowerbound < v, if lowerbound is specified, and v < upperbound, if upperbound
is specified. The default-alternative, if present, specifies that all values of the tag datatype which do
n6t appear in any other alternative are associated with the alternative datatype designated by it$
alternative-type.

No value of the tag datatype shall appear in the tag-value-1ist of more than one alternative.

The occurrence of a field-identifier before the tag-type or in an alternative has no meaning in the
resulting choice-type. Its purpose is to facilitate mappings to programming languages.

The discriminant, if present, shall designate a value of the tag datatype. It identifies the tag value, or
the source of the tag value, to be used in a particular occurrence of the choice datatype.

Values: all values having the conceptual form (tag-value, alternative-value), where tag-value is a value of
the tag datatype which occurs (explicitly or implicitly) in some alternative in the alternative-list and is
uniquely mapped to an alternative datatype thereby, and alternative-value is any value of that alternative
datatype.
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Value-syntax:

", tag—value, e, alternative-value, ")

independent-value ;
independent-value

choice-value
tag-value
alternative-value

A choice-value denotes a value of a choice datatype. The tag-value of a choice-value shall be a value
of the tag datatype of the choice datatype, and the alternative-value shall designate a value of the
corresponding alternative datatype. The value denoted shall be that value having the conceptual form

(tag-value, alternative-value).

Propertieu. unordered, exact IT and onty It all alternative dataltypes dre exact, non-numeric.

Subtypes:any choice datatype in which the tag datatype is the same as, or a subtype of, the tag datatype of
the base datatype, and the alternative datatype corresponding to each value of the tag datatype inthe
subtype is the same as, or a subtype of, the alternative datatype corresponding to that value ir' the base

datatype.

Operationp: Equal, Tag, Cast, Discriminant.

Discriminant(x: choice (tag-type) of (alternative-list)): tag-type is the tag-value of the value x

Tag.type(x: type, s: tag-type): choice (tag-type) of (alternative-list), where type-is that alternative datatype in
alterniative-list which corresponds to the value s, is that value of the choice datatype which has tag-valug

s andl alternative-value x .

Cast.{ype(x: choice (tag-type) of (alternative-list)): type, where type‘is'an alternative datatype in alternative-
list, ig:

if the tag value of x selects an alternative whose alternative-type is type, then that value of type
Wwhich is the (alternative) value of x, else undefined.

Equal(x, y: choice (tag-type) of (alternative-list)): boolean is:
if Discriminant(x) and Discriminant(y)-select the same alternative, then

type.Equal(Cast.type(x), Cast.type(y)),

where type is the alternative datatype of the selected alternative and type.Equal is the Equal
operation on the datatype type,

dlse false.

NOTE 1 | The choice'datatype generator is referred to in some programming languages as a “(discriminated) union”
datatype, and in others as a datatype with “variants”. The generator defined here represents the Pascal/Ada “variant-
record” cor|cept, butit allows the C-language “union”, and similar discriminated union concepts, to be supported by a slight

subterfuge| E.g{ thie C datatype:

union

{
float al;
int a2;
char* a3;

}i
may be represented by:

choice ( state(al, a2, a3) ) of
(

(al): real,

(a2) : integer,

(a3) : characterstring
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The actual value space of the tag datatype from which tag-values may be drawn is actually a subtype of the

value space of the designated tag datatype, namely that subtype consisting exactly of the values which are mapped into
alternative datatypes by the alternative-list. The set of tag values appearing explicitly or implicitly in the alternative-list is
not required to cover the value space of the tag datatype.

NOTE 3

simplest case, the list is reduced to a single datatype.

NOTE 4

The subtypes of a choice datatype are typically choice datatypes with a smaller list of alternatives, and in the

The operation Discriminant is a conceptual operation which reflects the ability to determine which alternative

of a choice-type is selected in a given value. When a choice-value is moved between two contexts, as between a program
and a data repository, representation of the chosen alternative is required, and most implementations explicitly incorporate

th¢ tag-value.
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.3.2 Pointer

TE 5  Another useful model of choice is choice (field-list), where exactly one field is present in any\given
means of discrimination is not specified. In this model, the operation:

IsField.field(x: choice (field-list)): boolean = true if the designated field is present in the yalue x, otherw

laces Discriminant, with corresponding changes to the other characterizing operations. It is recognized that
nathematically more elegant (the Or-graph to match the And-graph of the fields in Reeord), but in practice, e
hot provided (which makes all operations user-defined) or IsField is implemented by, tag-value (which makes
uivalent to Discriminant).

[AMPLES See 10.2.2 and 10.2.3.

scription: pointer generates a datatype, called a pointerdatatype, each of whose values constity
means of reference to values of another datatype, designated the element datatype. The valueg
pointer datatype are atomic.

ntax:

pointer-type
element-type

"pointer",” '"to", "(", element-type, ")"
type-specifier

mponents: Any single datatype, designated the element-type.

lues: The value space is that\of an unspecified state datatype, each of whose values, save one, is
associated with a valu€ of the element datatype. The single value null may belong to the value s
it is never associated with any value of the element datatype.

lue-syntax:
pointer-literal = "null"

"null* 'denotes the null value. There is no denotation for any other value of a pointer datatype.

pperties: unordered, exact, non-numeric.

value, and

ise false;

this model
ther IsField
sField

tes a
of a

pace but

Subtypes: any pointer datatype for which the element datatype is a subtype of the element datatype of the

base pointer datatype.

Operations: Equal, Dereference.

©l

Equal(x, y: pointer(element)): boolean is true if the values x and y are identical values of the unspecified

state datatype, else false;

Dereference(x: pointer(element)): element, where x = null , is the value of the element datatype associated

with the value x.
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NOTE 1 A pointer datatype defines an association from the “unspecified state datatype” into the element datatype.
There may be many values of the pointer datatype which are associated with the same value of the element datatype; and
there may be members of the element datatype which are not associated with any value of the pointer datatype. The
notion that there may be values of the “unspecified state datatype” to which no element value is associated, however, is
an artifact of implementations — conceptually, except for null, those values of the (universal) “unspecified state datatype”
which are not associated with values of the element datatype are not in the value space of the pointer datatype.

NOTE 2  Two pointer values are equal only if they are identical; it does not suffice that they are associated with the
same value of the element datatype. The operation which compares the associated values is

Equal.element(Dereference(x), Dereference(y)),

where Equpl.element is the Equal operation on the element datatype.

NOTE 3 | The computational model of the pointer datatype often allows the association to vary over time. E.g., if x is a
value of dafatype pointer to (integer), then x may be associated with the value 0 at one time and with the value 71 at
another. This implies that such pointer datatypes also support an operation, called assignment, which associates a (new
value of dafatype e to a value of datatype pointer(e), thus changing the value returned by the Dereference operation on
the value of datatype pointer to e. This assignment operation was not found to be necessary to characterize the pointer
datatype, and listing it as a characterizing operation would imply that support of the pointer datatype fequires it, which is
not the intention.

~

NOTE 4 | The term Ivalue appears in some language standards, meaning “a value whichrefers to a storage object or
area”. Sincg the storage object is a means of association, an Ivalue is therefore a valug~of some pointer datatype.
Similarly, the implementation notion machine-address, to the extent that it can be manipulated by a programming
language, ik often a value of some pointer datatype.

NOTE 5 | The hardware implementation of the “means of reference to” a value of the element-type is usually a memory
cell or cellsf which contain a value of the element-type. The memory cell’has an “address”, which is the “value of the
unspecified state datatype”. The memory cell physically maintains the-association between the address (pointer-value)
and the element-value which is stored in the cell. The Dereference operation is conceptually applied to the “address”, bt
is implemepted by a “fetch” from the memory cell. Thus in the computational model used here, the “address” and the
“memory cgll” are not distinguished: a pointer-value is both the\¢ell and its address, because the cell can only be
manipulate through its address. The cell, which is the pointer-value, is distinguished from its contents, which is the
element-vajue.

NOTE 6 | The notion “variable of datatype T” appears in programming languages and is usually implemented as a cell
which contgins a value of type T. Language standards often distinguish between the “address of the variable” and the
“value of thie variable” and the “name of the variable”, and one might conclude that the “variable” is the cell itself. But all
operations jon such a “variable” actually operate on either the “address of the variable” — the value of general-purpose
datatype “pointer to (T)” — or the “valugof-the variable” — the value of general-purpose datatype T. And thus those are
the only objects which are needed in-the-datatype model. This notion is further elaborated in ISO/IEC 13886, which relafes
pointer-vallies to the “boxes” (or “eells”) which are elements of the state of a running program.

8.3.3 Prpcedure

Description: procediire generates a datatype, called a procedure datatype, each of whose values is an
operdtion onwvalles of other datatypes, designated the parameter datatypes. That is, a procedure
datatype . comprises the set of all operations on values of a particular collection of datatypes. All values ¢f
a progedure datatype are conceptually atomic.

Syntax:
procedure-type = '"procedure", ", [ parameter-list ], ",
[ '"returns", "(", return-parameter, ")", ],
[ '"raises", "(", termination-list, ")" ] ;

parameter-list parameter-declaration,
{ ",", parameter-declaration } ;

parameter-declaration direction parameter ;

direction "in" |
"out"” I
"inout”
parameter = [ parameter-name, ":" ], parameter-type ;
parameter-type = type-specifier ;
parameter-name = Jidentifier ;
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return-parameter
termination-list

[ parameter-name, ":" ], parameter-type
termination-reference,

{ ",", termination-reference }
termination-identifier ;

termination-reference

Components: A parameter-type may designate any datatype. The parameter-names of parameters in the
parameter-1list shall be distinct from each other and from the parameter-name of the return-
parameter, if any. The termination-references in the termination-1ist, if any, shall be distinct.

Values: Conceptually, a value of a procedure datatype is a function which maps an input space to a result
space. A parameter in the parameter-1list is said to be an input parameter if its parameter-

mmmwmrw = value
spaces of the datatypes designated by the parameter-types of all the input parameters. A paraneter is

said to be a result parameter if it is the return-parameter or it appears in the parametez'=1ist and its
parameter-declaration contains the direction "out" or "inout". The normal result space is the cross-
product of the value spaces of the datatypes designated by the parameter-types of all the resylt
parameters, if any, and otherwise the value space of the void datatype. When there'is no termjnation-
1ist, the result space of the procedure datatype is the normal result space, andevery value p gf the
procedure datatype is a function of the mathematical form:

pilyxIyx..xI, - R XR XR,x..xR,

where I, is the value space of the parameter datatype of the & thrinput parameter, R, is the value space
of the parameter datatype of the & th result parameter, and R, s the value space of the returs-

parameter.

When a termination-1listis present, each termination-reference shall be associated, by some
termination-declaration (see 9.3), with an alternative result space which is the cross-produgt of the
value spaces of the datatypes designated by the ‘parameter-types of the parameters in the
termination-parameter-list. Let 4, be thealternative result space of the ; th termination. Then:

A, =E ,xE, x..xE, .,
where E;; is the value space of the:parameter datatype of the k th parameter in the terminatipn-
parameter-list of the jth termihation. The normal result space then becomes the alternative [result
space associated with normal‘termination ( 4, ), modeled as having termination-identifier
"*normal". Consider the\termination-references, and "*normal", to represent values of an
unspecified state datatype ST. Then the result space of the procedure datatype is:

Sy x(Ay | kA |- [ 4y) s

where Ag:is-the normal result space and 4, is the alternative result space of the k th terminatign; and
everyvalue of the procedure datatype is a function of the form:

pilyxIyx..xI, =S, x(Ay |4, |4, ]...| 4Ay) .

Any of the input space, the normal result space and the alternative result space corresponding to a given
termination-identifier may be empty. An empty space can be modeled mathematically by
substituting for the empty space the value space of the datatype void (see 8.1.12).

The value space of a procedure datatype conceptually comprises all operations which conform to the
above model, i.e. those which operate on a collection of values whose datatypes correspond to the input
parameter datatypes and yield a collection of values whose datatypes correspond to the parameter
datatypes of the normal result space or the appropriate alternative result space. The term corresponding
in this regard means that to each parameter datatype in the respective product space the “collection of
values” shall associate exactly one value of that datatype. When the input space is empty, the value
space of the procedure datatype comprises all niladic operations yielding values in the result space.
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When the result space is empty, the mathematical value space contains only one value, but the value
space of the computational procedure datatype may contain many distinct values which differ in their
effects on the “real world”, i.e. physical operations outside of the information space.

Value-syntax:

procedure-declaration = '"procedure", procedure-identifier, "(",

[ parameter-list ], ",

[ '"returns", "(", return-parameter, ")" ],

[ "raises", "(", termination-list, m" ] ;
procedure-identifier = lidentifier
A prdcedure-declaration declares the procedure-identifier to refer to a (specific) value of the
procedure datatype whose type-specifier is identical to the procedure-declaration after deletion
the procedure-identifier. The means of association of the procedure-identifier with a particular
value|of the procedure datatype is outside the scope of this International Standard.

Propertieq: unordered, exact, non-numeric.

Subtypes:

For two procedure datatypes P and Q:

— P is said to be formally compatible with Q if their parameter-lists are of the samglength, the direction of

each

paranleter-1list of Q, both have a return-parameter or neither does, and the termination-1ists of

parameter in the parameter-1ist of P is the same as the corresponding-parameter in the

and Q| if present, contain the same termination-references.

— IfPis

formally compatible with Q, and for every result parameter of Q; the parameter datatype of the

corregponding parameter of P is a (not necessarily proper) subtype of the parameter datatype of the

paran

parameter datatypes in the parameter-list of P and Q are idéentical (none are proper subtypes), then eac
is a rgsult-subtype of the other.

— IfPis

formally compatible with Q, and for every inputiparameter of Q , the parameter datatype of the

corregponding parameter of P is a (not necessarity proper) subtype of the parameter datatype of the
paramjeter of Q, then Q is said to be an input=subtype of P. If all of the input parameter datatypes in the

paran
other.

Every

subtype of a procedure datatype shall be both an input-subtype of that procedure datatype and a

result{subtype of that procedure-datatype.

Operation

The d
opers
whos

5. Equal, Invoke.

e first parameter is a value of the procedure datatype, and whose remaining input parameters, if

any, have the\datatypes in the input space of that procedure datatype, and whose result-list has the

datat

Invokp(xUprocedure(parameter-list), vi: Iy, ..., Va: In): record (r1: Ry, ..., rmt Ri)) is that value in the result space

pes of.the result space of the procedure datatype.

eter of Q, then P is said to be a result-subtype of Q. If the-return parameter datatype and all of the

eter-lists of P and Q are identical (none are proper subtypes), then each is an input-subtype of the

efinitions of Invoke-and Equals below are templates for the definition of specific Invoke and Equals
tors for eachdndividual procedure datatype. Each procedure datatype has its own Invoke operator

P

=

D

which is produced by the procedure x operating on the value of the input space which corresponds to

value

S (V1 «ery V).

Equal(x, y: procedure(parameter-list)): boolean is:

true if for each collection of values (vs: I, ..., va: In), corresponding to a value in the input space of x
and y, either:

neither x nor y is defined on (v, ..., vn), Or

Invoke(x, v1, ..., Vs) = Invoke(y, v, ..., V»);

and false otherwise.
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NOTE 1 The definition of Invoke above is simplistic and ignores the concept of alternative terminations, the
implications of procedure and pointer datatypes appearing in the parameter-list, etc. The true definition of Invoke is
beyond the scope of this International Standard and forms a principal part of ISO/IEC 13886.

NOTE 2  Considered as a function, a given value of a procedure datatype may not be defined on the entire input space,
that is, it may not yield a value for every possible input. In describing a specific value of the procedure datatype it is
necessary to specify limitations on the input domain on which the procedure value is defined (“procedure value” means
conceptual functionality, and not a specific body). In the general case, these limitations are on combinations of values
which go beyond specifying proper subtypes of the individual parameter datatypes. Such limitations are therefore not
considered to affect the admissibility of a given procedure as a value of the procedure datatype.

type P = procedure (in a: integer range (0..100), out b: typeX);
type Q = procedure (in a: integer range (0..100), out b: typeY);
type R = procedure (in a: integer, out b: typeX);

If typeX is a subtype of typeY then P is a subtype of Q, as one might expect. But integer range)(0:.100) is a su:ttype of
accept an

arlbitrary input from the larger input datatype (integer) is a subset of the collection of procedures which can accgpt an input

from the more restricted input datatype (integer range (0..100)). If a procedure is required to be of type P, then itis

be|safely applied to any value in integer range (0..100), because integer range,*(0..100) is a subtype of the domain
of the procedures in R. But the converse is not true. If a procedure is required to b& of type R, then it is presuméd to be
applicable to an arbitrary integer value, for example, -1, and therefore a procedure of type P, which is not necegsarily

NQTE 4 In describing individual values of a procedure datatype,.it iS common in programming languages to gpecify

digtinguishing the functionality of the individual parameter values. But while this functionality is important in distihguishing
ong value of a procedure datatype from another, it has no meaning at all for the procedure datatype itself. For gxample,
Suptract(in a:real, in b:real, out diff: real) and Multiply(in a:real, in b:real, out prod: real) are
both values of the procedure datatype procedure (in réal, in real, out real), but the functionality of the parameters
a and b in the two procedure values is unrelated.

NQTE 5 In describing procedures in programming languages, it is common to distinguish parameters as inpuit, output,
anfd input/output, to import information fromr common interchange areas, and to distinguish returning a single regult value
from returning values through the paraméters and/or the interchange areas. These distinctions are supported by the
syntax, but conceptually, a procedure operates on an set of input values to produce a set of output values. The [syntactic
digtinctions relate to the methods of.moving values between program elements, which are out-side the scope of| this
International Standard. This syntax\is used in other international standards which define such mechanisms. It is|used here
to facilitate the mapping to programming language constructs. ISO/IEC 13886 explains the model of procedures.

NQTE 6  As may be apparent from the definition of Invoke above, there is a natural isomorphism between th¢ normal
resgult space of a procédure datatype and the value space of some record datatype (see 8.4.1). Similarly, there |s an

isgmorphism between)the general form of the result space and the value space of a choice datatype (see 8.3.1} in which
the tag datatype is‘the unspecified state datatype and each alternative, including "*normal”, has the form:

termination-name: alternative-result-space (record-type)

8.|4 Aggregate Datatypes

An aggregate datatype is a generated datatype each of whose values is, in principle, made up of values of the
component datatypes. An aggregate datatype generator generates a datatype by

— applying an algorithmic procedure to the value spaces of its component datatypes to yield the value space
of the aggregate datatype, and

— providing a set of characterizing operations specific to the generator.
Thus, many of the properties of aggregate datatypes are those of the generator, independent of the datatypes

of the components. Unlike other generated datatypes, it is characteristic of aggregate datatypes that the
component values of an aggregate value are accessible through characterizing operations.
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This clause describes commonly encountered aggregate datatype generators, attaching to them only the
semantics which derive from the construction procedure.

Syntax:

aggregate-type =

record-type |
class-type |
set-type |
sequence-type |
bag-type |
array-type |
table-type

The defini
addition o

possessed by that generator.

NOTE 1
degeneratg

NOTE 2
aggregate
component
the existen
operations,

NOTE 3

ion template for an aggregate datatype is that used for all datatype generators (see 8.3), with an
the Properties paragraph to describe which of the aggregate properties described in clause-6.8 afe

In general, an aggregate-value contains more than one component value. This does not, however, preclude|
cases where the “aggregate” value has only one component, or even none at all.

Many characterizing operations on aggregate datatypes are “constructors”, which construct a value of the
Hatatype from a collection of values of the component datatypes, or “selectors”, whichiselect a value of a
datatype from a value of the aggregate datatype. Since composition is inherent in-the*concept of aggregate,
Ce of construction and selection operations is not in itself characterizing. Howeyer;-the nature of such
together with other operations on the aggregate as a whole, is characterizing.

In principle, from each aggregate it is possible to extract a single component, using selection operations of

some form
hence not

But some languages may specify that particular (logical) aggregatesimust be treated as atomic values, and
rovide such operations for them. For example, a character string may be regarded as an atomic value or as gn

aggregate pf Character components. This international standard models characterstring (10.1.5) as an aggregate, in order

to support languages whose fundamental datatype is (single) Character. But'Basic, for example, sees the characterstrin

as the pri

not even aspecial case. This difference in viewpoint does not prevent.a meaningful mapping between the characterstrin
datatype afd Basic strings.

NOTE 4
essential s

type
(

)/

or:

The first is
Which of th

O

tive type, and defines operations on it which yield other characterstring values, wherein 1-character strings a

=

e

Q

Some characterizations of aggregate datatypes afe-essentially implementations, whereas others convey
emantics of the datatype. For example, an object\which is conceptually a tree may be defined by either:

tree = record

label: character string ({ iso 'standard 8859 1 }),
branches: set of (tree)

tree = record

label: charactér—-string ({ iso standard 8859 1 }),
son: pointerx)to’ (tree),
sibling: peinter to (tree)

B proper.conceptual definition, while the second is clearly the definition of a particular implementation of a treg.
ese datatype definitions is appropriate to a given usage, however, depends on the purpose to which this

Internationgl Standard is being employed in that usage.

NOTE 5

There is no “generic” aggregate datatype. There is no “generic” construction algorithm, and the “generic” form

of aggregate has no characterizing operations on the aggregate values. Every aggregate is, in a purely mathematical
sense, at least a bag (see 8.4.3). And thus the ability to “select one” from any aggregate value is a mathematical
requirement given by the axiom of choice. The ability to perform any particular operation on each element of an aggregate
is sometimes cited as characterizing. But in this International Standard, this capability is modeled as a composition of

more primitive functions, viz.:

Applytoall(A: aggregate-type, P: procedure-type) is:
if not IsEmpty(A) begin
e := Select(A);
Invoke (P, e);
Applytoall (Delete(A, €), P);
end;
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and the particular Select operations available, as well as the need for IsEmpty and Delete, are characterizing.

8.41 Record

Description: record generates a datatype, called a record datatype, whose values are heterogeneous
aggregations of values of component datatypes, each aggregation having one value for each component
datatype, keyed by a fixed field-identifier.

Syntax:

"record"”, { provision-statement }, (* see 8.6 *)
"(" field-list ")"

record-type

field-list = field { "," field }

field = field-identifier ":" field-type
field-identifier = Jidentifier

field-type = type-specifier ;

Components: A list of fields, each of which associates a field-identifier with a.single field datatype,
designated by the field-type, which may be any datatype. All field-identifiers of fields in|the
field-1ist shall be distinct.

V4dlues: all collections of named values, one per field in the field-1ist, Such that the datatype of eqach value
is the field datatype of the field to which it corresponds.

V3glue-syntax:

field-value-list |
value-list
"(", field-value, {- ",", field-value }, ")"
field-identifier, ~/.", independent-value
"(", independent-value,
{ ",", independent-value }, ")"

record-value

field-value-list
field-value
value-list

A record-value denotes a value of a record datatype. When the record-valueis a field-value-
list, each field-identifierin the field-1ist of the record datatype to which the record—vaiue
belongs shall occur exactly once in the field-value-1list, each field-identifier in the reqord-
value shall be one of the field<identifiers in the field-1ist of the record-type, and the
corresponding independent-value“shall designate a value of the corresponding field datatype. When the
record-value iS a value-dist, the number of independent-values in the value-1ist shall be equal to
the number of fields in the field-1ist of the record datatype to which the value belongs, each
independent-value shall be associated with the field in the corresponding position, and each
independent-value shall designate a value of the field datatype of the associated field.

Prpperties: non-numefic, unordered, exact if and only if all component datatypes are exact.

Adgregate properties: heterogeneous, fixed size, no ordering, no uniqueness, access is keyed by figjd-
identifiery/one dimensional.

Sybtypes: any record datatype with exactly the same field-identifiers as the base datatype, such thaf the field
datatype of each field of the subtype is the same as, oris a subtype of, the corresponding field datatype
of the base datatype.

Operations: Equal, FieldSelect, FieldReplace.
Equal(x, y: record (field-list)): boolean is true if for every field-identifier /' of the record datatype,
field-type.Equal(FieldSelect.f(x), FieldSelect.f(y)), else false

(where field-type.Equal is the equality relationship on the field datatype corresponding to f*).
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NOTE 1 | The sequence of fields in a record datatype is not semantically significant in the definition of the record
datatype g¢nerator. An implementation of a record datatype may define a representation convention which\is an ordering
of physically distinct fields, but that is a pragmatic consideration and not a part of the conceptual notion of the datatype.
Indeed, thg optimal representation for certain record values might be a bit string, and then FieldReplace would be an
encoding operation and FieldSelect would be a decoding operation. Note that in a record-value Which is a value-1lis
however, the physical sequence of fields is significant: it is the convention used to associate the.edomponent values in th
value-1lisf with the fields of the record value.

NOTE 2 | A record datatype can be modeled as a heterogeneous aggregate of fixed¢size which is accessed by key,
where the key datatype is a state datatype whose values are the field identifiers. But in_a value of a record datatype,
totality of tHe mapping is required: no field (keyed value) can be missing.

NOTE 3 | A record datatype with a subset of the fields of a base record datatype (a “sub-record” or “projection” of the
record datdtype) is not a subtype of the base record datatype: none of the values in the sub-record value space appears
the base v3lue-space. And there are, in general, a great many different “embeddings” which map the sub-record datatyge
into the bage datatype, each of which supplies different values for thermiissing fields. Supplying void values for the
missing fields is only possible if the datatypes of those fields are ofithe form

NOTE 4 | “Subtypes” of a “record” datatype which have additional fields is an object-oriented notion which goes beyond
the scope ¢f this International Standard.

8.4.2 Class

Description: class generates a datatype, called a class datatype, whose values are heterogeneous

Syntax:
class|-type = '"class", { provision-statement }, (* see 8.6 *)
SL "(", attribute-list, ")" ;
attripute-list attribute, {( ",", attribute } ;

There is one FieldSelect and one FieldReplace operation for each field in the record datatype, of the
forms:

FieldSelect.field-identifier(x: record (field-list)): field-type is the value of the field of record x whose field-
identifier is field-identifier.

FieldReplace.field-identifier(x: record (field-list), y: field-type): record (field-list) is that value z : record(field-list)
such that FieldSelect.field-identifier(z) = y , and for all other fields f in record(field-list), FieldSelect.f(x) =
FieldSelect.f(z)

i.e. FieldReplace yields the record value in which the value of the designated field of x has been replacéd
by y

o

w

n

choicp (tag-type) of (..., v: wvoid)

aggrggations of values of component datatypes, each aggregation having one value for each component
datatype, keyed by a fixed £ield-identifier. Components of a class may include procedure definitions.
The gqverride type qualifier specifies that the labeled class attribute definition that follows replaces the
prior ¢lass attribute definition with the same label.

attribute [ override-qualifier ], attribute-identifier, ":",
attribute-type

"override" ;

identifier ;

type-specifier

override-qualifier
attribute-identifier
attribute-type

Components: A list of attributes, each of which associates an attribute-identifier with a single

56

attribute datatype, designated by the attribute-type, which may be any datatype. All attribute-
identifiers of attributes in the attribute-1ist shall be distinct. The keyword override shall not
appear unless the class is being defined as an explicit subtype (see 8.2.5). The attribute-identifier
following the keyword override shall be the identifier for an attribute of the base datatype for the explicit
subtype. The attribute-type following the keyword override shall designate a subtype of the attribute-
type that was declared for that attribute of the base datatype.

© ISO/IEC 2007 — All rights reserved


https://standardsiso.com/api/?name=14530117b0295c43284d3a4611096ce5

ISO/IEC 11404:2007(E)

Values: The value space is that of an unspecified state datatype, each of whose values denotes a single
object that supports the interface represented by the class. The values of a class datatype are atomic.

Value-syntax: None. In general, values of a class datatype have no external representation.
Properties: non-numeric, unordered.

Subtypes: any class datatype whose attributes include one attribute corresponding to each attribute of the
base datatype, such that:

— WIS dllTOUlS=IUCTIUNCT 10T U1 SUULYPC dUNDULE 1S TUCTTIULATD tU U1 dulmoutc=1ucTItuiicT 101 Ui durtoute Of the
base datatype, and

—

— the attribute datatype of the attribute of the subtype is the same as, or is a subtype of, the lattribyte

datatype of the attribute of the base datatype.
Operations: Equal, AttributeSelect, AttributeReplace.

Equal(x, y: class (attribute-list)): boolean If there exists an Equal procedure for.the class, then is Equal(x,y).
Otherwise if there are no procedure definitions then is true if for every attiibute-identifier f of the class

datatype, attribute-type.Equal(AttributeSelect.f(x), AttributeSelect.f(y)), €lse false (where attribute
type.Equal is the equality relationship on the attribute datatype corresponding to f ). Otherwise |s
indeterminate.

There is one AttributeSelect and one AttributeReplace operation for each attribute in the class datatype
that is not an attribute procedure, of the form:

AttributeSelect.attribute-identifier(x: class (attribute-list)): attribute-type is the value of the attribute |of class x
whose attribute-identifier is attribute-identifier.

AttributeReplace.attribute-identifier(x: class (attribute-list), y: attribute-type): class (attribute-list) is thpat value z:
class(attribute-list) such that AttributeSelect.attribute-identifier(z) = y , and for all other attributes [ in
class(attribute-list), AttributeSelect.f(x)-=-AttributeSelect.f(z), i.e. AttributeReplace yields the class vplue in
which the value of the designated attribute of x has been replaced by y .

There is one AttributeFunctioninvoke and one AttributeFunctionOverride operation for each attritpute in the
class datatype that is an attribute procedure, of the forms:

AttributeFunctioninvoke.attribute-identifier(x: class (attribute-list)): attribute-type(parameter-list) is thie value of
the attribute procedure of class x whose attribute-identifier is attribute-identifier.

AttributeFunctionOverride.attribute-identifier(x: class (attribute-list), y: attribute-type): class (attribute-list) is
that function' z: class(attribute-list) such that AttributeFunctioninvoke.attribute-identifier(z) is y , and for all
other attributes f in class(attribute-list), AttributeFunctioninvoke.f(x) = AttributeFunctioninvoke.f(Z

i‘ew AttributeFunctionOverride yields the class datatype in which the function of the designated attribute
of x has been replaced by v

NOTE 1 Class models the object-oriented programming language concept with the same name.

NOTE 2  The characterization of class that distinguishes it from Pointer to Record, which is the typical implementation
of Class, is the characterization of the allowable subtypes. A subtype of a Class datatype models the object-oriented
notion of “subtype” or “subclass”. A subtype of a Class datatype can have additional attributes; a subtype of a Record
cannot.

NOTE 3  An operation is represented by an attribute whose attribute-type is a procedure datatype. Invoking an
operation associated with a value of a class datatype can be derived from the characterizing operations as:
Invoke(AttributeSelecty...)).
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8.4.3 Set

Description: set generates a datatype, called a set datatype, whose value-space is the set of all subsets of
the value space of the element datatype, with operations appropriate to the mathematical set.

Syntax:
set-type = '"set", { provision-statement }, (* see 8.6 *)
"Of", u(n, element—type, ") "
element-type = type-specifier ;

Componefitst The element-type shall designate an exact datatype, called the element datatype.

Values: eyYery set of distinct values from the value space of the element datatype, including the set of-no
valuep, called the empty-set. A value of a set datatype can be modeled as a mathematical function whose
domagin is the value space of the element datatype and whose range is the value space of theyboolean
datatype (true, false), i.e., if s is a value of datatype set of (E), then s: E—B, where B is the set of Boolean
valuep true and false, and for any value e in the value space of E, s(e) = true means e “issxa member of”
the se¢t-value s, and s(e) = false means e “is not a member of” the set-value s. The yalue-space of the sgt
datatype then comprises all functions s which are distinct (different at some value\€.of the element
datatype).

Value-synfax:

set-vlalue empty-value |
value-list ;
"(", ") ”n
"(", independent-value,
{ ",", independent-value™ }, ")"

emptyl-value
valuel-list

Each|independent-value in the value-1ist shall designate a value of the element datatype. A set-
value denotes a value of a set datatype, namely the.set containing exactly the distinct values of the
elemént datatype which appear in the value-1ist\or equivalently the function s which yields true at
everylvalue in the value-1ist and false at all other values in the element value space.

Propertieq: non-numeric, unordered, exact.

Aggregate properties: homogeneous, variable size, uniqueness, no ordering, access indirect (by value).

Subtypes:

a) any set datatype in which'the element datatype of the subtype is the same as, or a subtype of, the
elemgnt datatype of the_base set datatype; or

=

b) any datatype derived from a base set datatype conforming to (a) by use of the Size subtype-generatd
(see 8.2.4).

Operationg: Isiny'Subset, Equal, Difference, Union, Intersection, Empty, Setof, Select

IsIn(x:
v, else false;

Subset(x, y: set of (element-type)): boolean is true if for every value v of the element datatype,
Or(Not(IsIn(v,x)), IsIn(v,y)) = true, else false; i.e. true if and only if every member of x is a member of y;

Equal(x, y: set of (element-type)): boolean = And(Subset(x,y), Subset(y,x));

Difference(x, y: set of (element-type)): set of (element-type) is the set consisting of all values v of the element
datatype such that And(IsIn(v, x), Not(IsIn(v,y)));
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Union(x, y: set of (element-type)): set of (element-type) is the set consisting of all values v of the element

datatype such that Or(Isin(v,x), Isin(v,y));

Intersection(x, y: set of (element-type)): set of (element-type) is the set consisting of all values v of
element datatype such that And(IsIn(v,x), IsIn(v,y));

Empty(): set of (element-type) is the function s such that for all values v of the element datatype,
false; i.e. the set which consists of no values of the element datatype;

the

s(v) =

Setof(y: element-type): set of (element-type) is the function s such that s(y) = true and for all values v= y,

N(
se
ch

8.4

De

Sy

Cq

V4

V4

s(v) = false; i.e. the set consisting of the single value y ;

Select(x: set of (element-type)): element-type, where Not(Equal(x, Empty())), is some one value-fron
space of element datatype which appears in the set x.

TE Set is modeled as having only the (undefined) Select operation derived from the axiom of choice. Ir]
hse, the access method for an element of a set value is “find the element (if any) with value v*, which actually
bracterizing “IsIn” operation, and the uniqueness property.

.4 Bag

scription: bag generates a datatype, called a bag datatype, whose values are collections of instan
values from the element datatype. Multiple instances of the same value may occur in a given co
and the ordering of the value instances is not significant.

ntax:

"bag", { provision-statement }, (* see 8.6 *)
"Of", " (", element—type, ") "
element-type = type-specifier,

bag-type

mponents: The element-type shall designate an exact datatype, called the element datatype.

lues: all finite collections of instances.of values from the element datatype, including the empty co
value of a bag datatype can be modeled as a mathematical function whose domain is the value
the element datatype and whose range is the non-negative integers, i.e., if b is a value of dataty
(E), then b: E—~Z, where Z.is:the set of integers, and for any value e in the value space of E, b(e
means e “does not occur'in” the bag-value b, and b(e) = n, where n is a positive integer, means ¢
n times in” the bag-value’b. The value-space of the bag datatype then comprises all functions b
distinct.

lue-syntax:

bag-value empty-value |
value-list ;
" (", ") "
"(", independent-value,
{ ", ", independent—value }, ") "

empty-value
valye=list

the value

another
uses the

ices of
llection;

lection. A
space of
pe bag of
=0

b “occurs
which are

Each independent-value in the value-1ist shall designate a value of the element datatype. A bag-
value denotes a value of a bag datatype, namely that function which at each value e of the element

datatype yields the number of occurrences of e in the value-1ist.

Properties: non-numeric, unordered, exact.

Aggregate properties: homogeneous, variable size, no uniqueness, no ordering, access indirect.

Subtypes:

©l

a) any bag datatype in which the element datatype of the subtype is the same as, or a subtype of, the

element datatype of the base bag datatype; or
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b) any datatype derived from a base bag datatype conforming to (a) by use of the Size subtype-generator
(see 8.2.4).

Operations: IsEmpty, Equal, Empty, Serialize, Select, Delete, Insert

IsEmpty(x: bag of (element-type)): boolean is true if for all e in the element value space, x(e)=0, else
false;

Equal(x, y: bag of (element-type)): boolean is true if for all ¢ in the element value space, x(e) = y(e), else
false;

Empty(): bag of (element-type) is that function x such that for all ¢ in the element value space, x(e) 0%
Serialize(x: bag of (element-type)): sequence of (element-type) is:
if IsEmpty(x), then (),

dlse any sequence value s such that for each e in the element value space, £, 0ecurs exactly x(e
timesin s;

Selecl(x: bag of (element-type)): element-type = Sequence.Head(Serialize(x));

Deletg(x: bag of (element-type), y: element-type): bag of (element-type) is that function z in bag of (element-
type)|[such that:

—h

brall ey, z(e) =x(e), and
il x()>0 then z(y)=x(y)-1 and if x(y)=0 then z(y)=0;
i.e. thie collection formed by deleting one instance of\the value y , if any, from the collection e;

Insert(x: bag of (element-type), y: element-type): bag of (element-type) is that function z in bag of (element-
type)|[such that:

forall e=y, z(e)=x(e), and z(W) = x(y)+1;

i.e. thie collection formed by adding one instance of the value y to the collection x;

8.4.5 Sequence

Description: Sequence deneérates a datatype, called a sequence datatype, whose values are ordered
sequgnces of values from the element datatype. The ordering is imposed on the values and not intrinsig
in the| underlying/datatype; the same value may occur more than once in a given sequence.

Syntax:

sequence-type = 'sequence', { provision-statement }, (* see 8.6 *)
"Of", "(", element—type, ") "
type-specifier ;

element-type

Components: The element-type shall designate any datatype, called the element datatype.
Values: all finite sequences of values from the element datatype, including the empty sequence.

Value-syntax:

empty-value |
value-list
empty-value = m(n, mn

sequence-value
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value-list = "(", independent-value,
{ ",", independent-value 1}, mro;

Each independent-value in the value-1ist shall designate a value of the element datatype. A
sequence-value denotes a value of a sequence datatype, namely the sequence containing exactly the
values in the value-1list, in the order of their occurrence in the value-list.

Properties: non-numeric, unordered, exact if and only if the element datatype is exact.

Aggregate properties: homogeneous, variable size, no uniqueness, imposed ordering, access indirect (by
position).

Sybtypes:

a) any sequence datatype in which the element datatype of the subtype is the same a$;.or a subtype of,
the element datatype of the base sequence datatype; or

b) any datatype derived from a base sequence datatype conforming to (a) by-use'of the Size suptype-
generator (see 8.2.4).

Operations: IsEmpty, Head, Tail, Equal, Empty, Append.
IsEmpty(x: sequence of (element-type)): boolean is true if the sequenice x contains no values, els¢ false;

Head(x: sequence of (element-type)): element-type, where Not(ISEmpty(x)), is the first value in the
sequence x;

Tail(x: sequence of (element-type)): sequence of (elemeht-type) is the sequence of values formed by deleting
the first value, if any, from the sequence x;

Equal(x, y: sequence of (element-type)): boolean’is:

if ISsEmpty(x), then IsEmpty(y);

else if Head(x)= Head(y), then Equal(Tail(x), Tail(y));

else, false;
Empty(): sequence of-(elément-type) is the sequence containing no values;
Append(x: sequénce of (element-type), y: element-type): sequence of (element-type) is

the sequence formed by adding the single value y to the end of the sequence x.

NQTE 1 sequence differs from bag in that the ordering of the values is significant and therefore the operations Head,
Taiil, and\Append, which depend on position, are provided instead of Select, Delete and Insert, which depend|on value.

if IsEmpty(y) then x ; else Concatenate(Append(x, Head(y)), Tail(y));

NOTE 3  The notion sequential file, meaning “a sequence of values of a given datatype, usually stored on some
external medium”, is an implementation of datatype sequence.

8.4.6 Array

Description: array generates a datatype, called an array datatype, whose values are associations between
the product space of one or more finite datatypes, designated the index datatypes, and the value space

© ISO/IEC 2007 — Al rights reserved 61


https://standardsiso.com/api/?name=14530117b0295c43284d3a4611096ce5

ISO/IEC 11404:2007(E)

of the element datatype, such that every value in the product space of the index datatypes associates to
exactly one value of the element datatype.

Syntax:
array-type = Tarray", { provision-statement }, (* see 8.6 *)
"(", index-type-list, ")", { provision-statement },
"of",

" (", element—t_ype, ") " ;

index-type-list index-type, { ",", index-type }

index-type type-specifier |
index-lowerbound, "..", index-upperbound
index}-lowerbound = value-expression
indeEEupperbound = value-expression
element-type = type-specifier ;

Componehts: The element-type shall designate any datatype, called the element datatype. Each \index-
type shall designate an ordered and finite exact datatype, called an index datatype. When.thé index-
type has the form:

inde:[lowerbound .. index-upperbound

the inpplied index datatype is:

integer range (index-lowerbound .. index-upperbound),

and index-lowerbound and index-upperbound shall have integer values, such that index-
lowerpound < index-upperbound.

The value-expressions for index-lowerbound and index-upperbound may be dependent-values
when|the array datatype appears as a parameter-type, or_in<a component of a parameter-type, of a
procegdure datatype, or in a component of a record datatype. Neither index-1lowerbound NOr index-
uppetbound shall be dependent-values in any other case. Neither index-lowerbound NOr index-
uppetbound shall be formal-parametric-values,\exceptin certain cases in declarations (see 9.1).

Values: al| functions from the cross-product of the(value spaces of the index datatypes appearing in the
index-type-1list, designated the index product space, into the value space of the element datatype,
such fhat each value in the index product space associates to exactly one value of the element datatyp

D

Value-syntax:

arrayl-value = ~value-list ;
valuel-list =\_" (", independent-value,
{ ",", independent-value 1}, "

An azray-value defofes a value of an array datatype. The number of independent-values in the
valué-1list shallbe equal to the cardinality of the index product space, and each independent-value
shall esignate ayvalue of the element datatype. To define the associations, the index product space is
deredYexically, with the last-occurring index datatype varying most rapidly, then the second-last,
ith4he first-occurring index datatype varying least rapidly. The first independent-value in the array
value|dssociates to the first value in the product space thus ordered, the second to the second, etc. Thq
al’l’ay- Ole dl Vdlue O e difdy ddldlype W Nakes exd V 0OSE d OcClatlof

Properties: non-numeric, unordered, exact if and only if the element datatype is exact.

Aggregate properties: homogeneous, fixed size, no uniqueness, no ordering, access is indexed,
dimensionality is equal to the number of index-types in the index-type-list.

Subtypes: any array datatype having the same index datatypes as the base datatype and an element datatype
which is a subtype of the base element datatype.

Operations: Select, Equal, Replace.
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Select(x: array (indexi, ..., index,) of (element-type), yi: indexi, ..., yn: indexy): element-type is that value of the
element datatype which x associates with the value (y1, ..., y») in the index product space;

Equal(x, y: array (index, ..., index,) of (element-type)): boolean is true if for every value (v, ..., v,) in the index
product space, Select(x, vy, ..., v,) = Select(y, v, ..., v,), else false;

Replace(x: array (indexi, ..., index,) of (element-type), y1: indexi, ..., ya: indexy, z: element-type): array (indexi, ...,
index,) of (element-type) is that value w of the array datatype such that w: (y, ..., y») — z, and for all values
p of the index product space except (y1, ..., ¥n), w: p — x(p) ; i.e. Replace yields the function which
associates z with the value (y4, ..., ¥») and is otherwise identical to x .

NQTE 1 The general array datatype is “multidimensional”, where the number of dimensions and the index datatypes
themselves are part of the conceptual datatype. The index space is an unordered product space, although.it is pecessarily
ordlered in each “dimension”, that is, within each index datatype. This model was chosen in lieu of the “arfay of array”
m@del, in which an array has a single ordered index datatype, in the belief that it facilitates the mappings to programming
larjguages. Note that:

type arrayA = array (1..m, 1..n) of (integer);
defines arrayA to be a 2-dimensional datatype, whereas
type arrayB = array (l1..m) of (array (1l..n) of (integer));

defines arrayB to be a 1-dimensional (with element datatype afray” (1..n) of (integer), ratherjthan
integer). This allows languages in which A[i][j] is distinguished from A[j, j] to maintain the distindtion in
mappings to the general-purpose datatypes. Similarly, languages which disallow the AJi][j] cons{ruct can
properly state the limitation in the mapping or treat it as the same as A[i, j], as appropriate.

NQTE 2  The array of a single dimension is simply the case.in which the number of index datatypes is 1 and the index
pr¢duct space is the value space of that datatype. The orderof the index datatype then determines the associafion to the
inHependent-valueS in a corresponding array-value.

NQTE 3  Support for index datatypes other than-integer is necessary to model certain Pascal and Ada datatypes (and
popsibly others) with equivalent semantics.

NQTE 4 Itis not required that the specific'index values be preserved in any mapping of an array datatype, byt rather
that each index datatype be mapped 1-to-1 onto a corresponding index datatype and the corresponding indexing functions
be|preserved.

NQTE 5  Since the values of an array datatype are functions, the array datatype is conceptually a special cage of the
procedure datatype (see 8.3:8): In most programming languages, however, arrays are conceptually aggregates} not

procedures, and have such,constraints as to ensure that the function can be represented by a sequence of valdes of the
elgment datatype, where\the size of the sequence is fixed and equal to the cardinality of the index product space.

NQPTE 6 In order-to define an interchangeable representation of the Array as a sequence of element values, [it is first
nefessary to define the function which maps the index product space to the ordinal datatype. There are various| possible
sufh functions,/ The one used in interpreting the array-value construct is as follows:

L&t A be a value of datatype array (index1, ..., indexn) of (element-type).For each index datatypg¢ index;,
Iet 1owerbound; and upperbound; be the lower and upper bounds on its value space. Define the operation Map; to
map the Index datatype index; INnto a range of Integer by:

Mapi(x: index;): integer is
Mapi(lowerbound;) = 0; and
Mapi(Successori(x)) = Mapi(x) + 1, for all x # upperbound .
And define the constant: size; = Mapi(upperbound;) - Mapi(lowerbound;) + 1. Then

Ord(x: indexy, ..., X,: index,): ordinal
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is the ordinal value corresponding to the integer value:

1+ ZMapi (x;)e (HSizejH)
i=l j=1

where the non-existent sizeq+ is taken to be 1. And the Ord(x, ..., Xp)th position in the sequence representation is

occupied by A(X1, ..., Xn).

EXAMPLE

The Fortran standard (ISO/IEC 1539-1:2004, Information technology — Programming languages —

Fortran — Part 1: Base language) specifies that multidimensional arrays are stored with the left-most varying most rapidly.

Thus in th

followina-declaration:
)

CHARACTER*1 SCREEN (80, 24)

which declares the variable “screen” to have the general-purpose datatype:

array| (1..80, 1..24) of character (unspecified)

The Fortran subscript operation:
S = SCREEN (COLUMN, ROW)
is equivalent to the characterizing operation:
Select (screen, column, row)
while
SCREEN (COLUMN, ROW) = S
is equivaler

t to the characterizing operation:

Replace(screen, column, row, S)

8.4.7 Table

Descriptio)

an a

n: table generates a datatype, called a table datatype, whose values are collections of values in

ociation among the values df.its fields. Although the field datatypes may be infinite, any given val

the L;quct space of one or more field'datatypes, such that each value in the product space represents

of a table datatype contains a finite’'number of associations.

Syntax:
tablel-type = "table", { provision-statement },

"(", field-list, ")"

field-list = field, { ",", field } ;
fiel = field-identifier, ":", field-type ;
field-identifier = lidentifier ;
field-type = type-specifier ;

field-1ist shall be distinct.

(* see 8.6 *)

Values: The value space of table (field-1ist) is isomorphic to the value space of bag of (record(field-
list)), thatis, all finite collections of associations represented by values from the cross-product of the

value spaces of all the field datatypes in the field-1ist.

Value-syntax:

table-value

empty-value |

"(", table-entry, {
field-value-list |
value-list ;

mon
r o7

table-entry

64
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Operations: MaptoBag, MaptoTable, Serialize, IsEmpty, Equal, Empty, Delete, Insert, Select, Fetch.

pperties: non-numeric, unordered, exact if and only if all field datatypes are exact.

btypes:

ISO/IEC 11404:2007(E)

field-value-list "(", field-value, ( ",", field-value }, ")"

field-value = field-identifier, ":", independent-value ;
value-list = "(", independent-value,
{ ",", independent-value 1}, mro;

A table-value denotes a value of a table datatype, namely the collection comprising exactly the
associations designated by the table-entrys appearing in the table-value. A table-entry denotes a
value in the product space of the field datatypes in the field-1ist of the table-type. When the table-
entryis a field-value-list, each field-identifierin the field-1ist of the table datatype to
which the table-value belongs shall occur exactly once in the field-value-1ist, each field-
identifierin the table-entry shall be one of the field-identifiers in the field-1ist of the

table-type, and the COMesponding independent-valde Shdlt designate a vatue of thecorresponding

field datatype. When the table-entryis a value-1ist, the number of independent-values in the
value-1list shall be equal to the number of fields in the field-1ist of the table datatype.to which the
value belongs, each independent-value shall be associated with the field in the corresponding position,
and each independent-value shall designate a value of the field datatype of the associated field.

gregate properties: heterogeneous, variable size, no uniqueness, no orderingydimensionality is tWo.

a) any table datatype which has exactly the same field-identifiers in the field-list, and the field dgtatype of
each field of the subtype is the same as, or is a subtype of,-the corresponding field datatype of the base
datatype; or

b) any table datatype derived from a base table datatype conforming to (a) by use of the Size sybtype-
generator (see 8.2.4).

MaptoBag(x: table(field-list)): bag of (record(field-list)) is the isomorphism which maps the table to @ bag of
records.

MaptoTable(x: bag of (record(field-fist))): table(field-list) is the inverse of the MaptoBag isomorphisn).
Serialize(x: table(field-list)): sequence of (record(field-list)) = Bag.Serialize(MaptoBag(x));
IsEmpty(x: table(field-list)): boolean = Bag.IsEmpty(MaptoBag(x));

Equal(x, y: table(field-list)): boolean = Bag.Equal(MaptoBag(x), MaptoBag(y));

Empty(): table(field-list) = ();

Delete(x: table(field-list), y: record(field-list)): table(field-list) = MaptoTable(Bag.Delete(MaptoBag(x), y));

Insert(x: table(field-list), y: record(field-list)): table(field-list) = MaptoTable(Bag.Insert(MaptoBag(x), y))

Select(x: table (field-list), criterion: procedure(in row: record(field-list)): boolean): table(field-list) =
MaptoTable(z), where z is the bag value whose elements are exactly those record values r in
MaptoBag(x) for which criterion(r) = true.

Fetch(x: table(field-list)): record(field-list), where Not(IsEmpty(x)), = Sequence.Head(Serialize(x));

NOTE 1 Table would be a defined-generator (as in 10.2), but the type (generator) declaration syntax (see 9.1) does not
permit the parametric element list to be a variable length list of field-specifiers.
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NOTE 2  This definition of Table is aligned with the notion of Table specified by ISO 9075, Information technology —
Database languages — SQL. In SQL, the “select procedure” may take as input rows from more than one table, but this is
a generalization of the characterizing operation Select, rather than an extension to the Table datatype concept.

NOTE 3 In general, access to a Table is indirect, via Fetch or MaptoBag. Access to a Table is sometimes said to be
“keyed” because the common utilization of this data structure represents “relationships” in which some field or fields are
designated “keys” on which the values of all other fields are said to be “dependent”, thus creating a mapping between the
product space of the key value spaces and the value spaces of the other fields. (In database terminology, such a
relationship is said to be of the “third normal form”.) The specification of this mapping, when present, is a complex part of
the SQL language standard and goes beyond the scope of this International Standard.

8.5 Defiined datatypes

A defined [datatype is a datatype defined by a type-declaration (see 9.1). It is denoted syntactically by)a-type
reference with the following syntax:

type-freference = type-identifier,
[ "(", actual-type-parameter-list, ")" ] ;
type-lidentifier = lidentifier ;
actuall -type-parameter-list = actual-type-parameter,
I { ",", actual-type-parameter } ;
actuall -type-parameter = value-expression |

type-specifier ;

The typetidentifier shall be the type-identifier of some type-declar&tion and shall refer to the

datatype gr datatype generator there-by defined. The actual-type-paraméters, if any, shall correspond in
number and in type to the formal-type-parameters of the type-deciaration. Thatis, each actual-type-
parametef corresponds to the formal-type-parameter in the corresponding position in the formal-type-
parametef-list. If the formal-parameter-type iS a type-specifier, then the actual-type-parameter
shall be alvalue-expression designating a value of the datatype’ specified by the formal-parameter-type.
If the formal-parameter-type is “type”, then the actual-type-parameter shall be a type-specifier ang
shall have the properties required of that parametric datatype in the generator-declaration.

The typetdeclaration identifies the type-identifier in the type-reference with a single datatype, a
family of datatypes, or a datatype generator. If the.type-identifier designates a single datatype, then the
type-refprence refers to that datatype. If thestype-identifier designates a datatype family, then the
t_ype—refErence refers to that member of the_family whose value space is identified by the type-definitipn
after substitution of each actual-type-parameter value for all occurrences of the corresponding formal-
parametrlic-value. If the type-identifier designates a datatype generator, then the type-reference
designatep the datatype resulting from application of the datatype generator to the actual parametric
datatypes| that is, the datatype whose value space is identified by the type-definition after substitution o
each actyal-type-parameter-datatype for all occurrences of the corresponding formal-parametric-type.
In all casgs, the defined datatype has the values, properties and characterizing operations defined, explicitly
or implicitly, by the typesdeclaration.

When a type-reférence OCCUrs in a type-declaration, the requirements for its actual-type-parametens
are as specified.by clause 9.1. In any other occurrence of a type-reference, NO actual-type-parameter
shall be a|fofmal-parametric-value OF a formal-parametric-type.

8.6 Provisions
Provisions may be attached to a datatype or aggregate keyword.

Syntax:

provision-statement
actual-parameter-list
actual-parameter

"provision", " (", actual-parameter-list, ")"
actual-parameter, { ",", actual-parameter } ;
identifier, '"=", identifier ;

The following features may be included in a parameter list. The obligation parameter shall be included. The
obligation parameter should be the first element of the list to improve reading clarity.
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NOTE Typically, obligation, target, and scope are required as parameters.

A normative datatype includes a characterizing operation IsConforming(NDT,DT) that determines if a
DT conforms to the provisions of NDT.

8.6.1 General parameters for provisions

This subclause describes the general parameters for provisions.

datatype

EXAMPLE 1 The following provision specifies that for all aggregates (and subcomponents, recursively) their data

elgmentsare optionat:

normative all data elements_optional =
provision (obligation=permit, target=type, scope=recursiveidentifier, subset=define
normative Rl =
record all_data_ elements_optional
(
//
)I

EXAMPLE 2 The following provisions combine Example 1 above with the additionahprovision that the datat
extended with additional data elements:

normative extended data_elements permitted =
provision(obligation=permit, target=type, scope=recursiveidentifier, subset=undefi
normative R2 =
record all_data elements optional extended data elements_permitted
(
//
)I

EXAMPLE 3 The following provision specifies that the datatype for data element B has a smallest of array s

// SPM: smallest permitted maximum
normative SPM(limit) =
provision(obligation=require, target=type, scope=size, value=range (limit..¥)),

normative R =
record
(
a: type a,
b: array (0..maxsize)\SPM(17) of integer,

8.6.1.1  Obligation
Description: Descriles the kind of obligation for the provision.

Syntax:

"obligation", "=", obligation-kind-value ;
"require" |

"recommend" |

"permit" |

obligation-kind
obligation-kind-value

d) ,

pe may be

hed) ,

ze 17:

Upermitrotti—
"recommendnot" |
"requirenot" |
"unspecified"” |
"default"” ;

The values have the following meaning:

— require: the provision is a mandatory requirement, i.e., “shall” (the implementation is required to

satisfy ...)

— recommend: the provision is a recommendation, i.e., “should” (the implementation is recommended to

satisfy ,,,)

© ISO/IEC 2007 — All rights reserved

67


https://standardsiso.com/api/?name=14530117b0295c43284d3a4611096ce5

ISO/IEC 11404:2007(E)

— permit: the provision is an optional 7) requirement, i.e., “may” (the implementation is permitted to
satisfy ...)

— permitnot: the provision is an optional requirement in the negative, i.e., “may not” (the implementation is
permitted not to satisfy ...)

— recommendnot: the provision is a recommendation, i.e., “should not” (the implementation is recommended
not to satisfy ...)

— requirenot: the provision is a mandatory requirement, i.e., “shall not” (the implementation is required not
to satisfy ...)

— unspelcified: there is no further specification of the provision

— defadlt: the default value

8.6.1.2 |[Target
Description: Describes the target of the provision, i.e., what is intended to satisfy the provision.

Syntax:

target-kind
target-kind-value

"target"”, "=", target-kind-value ;,
"value" |

"valuespace" |

"properties" |

"charops" |

"type " I

"runtimetype" |

"access'" |

"runtimeaccess" ;

The Values have the following meaning:
— valué: the provision is associated with the instantiation of a datatype 8)
— valuespace: the provision is associated with'the value space of datatype
— propedrties: the provision is associated ‘with the properties of datatype
— chardps: the provision is associatedwith the characterizing operations of datatype
— type: [the provision is associated with a datatype
— runtimetype: the provision is associated with the datatype at execution time
— access: the provisiofiis associated with the access methods of a datatype
— runtimeaccess:*he provision is associated with the access methods of a datatype at execution time

NOTE Except for value, runtimetype, and runtimeaccess, all others concern provisions of datatypes.

7) The “optional” feature described here concerns the requirements for accessing components, while the “optional”
feature of 10.2.4 concerns the support of the nil sentinel value within a datatype.

8) Supplying target=value means that the provisions apply to the value itself, in contrast to the properties (properties)
or characterizing operations (charops).
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8.6.1.3 Scope

De

Syntax:

scription: Describes the scope of the provision, i.e., what is affected by the provision.
scope-kind = '"scope", "=", scope-kind-value ;
scope-kind-value = '"identifier"
"allidentifier" |

"recursiveidentifier" |
"gsize" I

"allsize! |
T

8.6.1.4 Subset

De

Sy

"recursivesize" ;

The values have the following meaning:
identifier: the provision is associated with a single identifier
allidentifier: the provision is associated with all identifiers in an aggregate.type

recursiveidentifier: the provision is associated with the all identifiers inall aggregate types,
recursively

size: the provision is associated with a single sizing parameter
allsize: the provision is associated with all sizing parameters)in an aggregate type

recursivesize: the provision is associated with the sizing parameters in all aggregate types, re

scription: Describes the subset scope of the provision, i.e., a pattern that describes the subset.
ntax:
subset-kind = '"subset", "="  subset-kind-value ;
subset-kind-value = '"defined" |
"undefined"”

sl I
"(", select-list, ")" |
value-expression ;

The values have the following meaning:

defined: chooses those elements that are defined, e.g., for identifiers, if the identifier is defined
values, if the{value is defined

undefined: chooses those elements that are undefined, e.g., neither the identifier nor the value

*=chooses all elements

cursively

for

is defined

select-list: a selecting expression that limits the selection

value-expression: a value expression that describes a pattern for the selection

8.6.1.5 Value

Description: Describes the subset scope of the provision, i.e., a pattern that describes the subset.
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Syntax:
value-spec = '"value", "=", value-spec-value ;
value-spec-value = "nil" |

select-range |
"(", select-list, ")" |
value-expression ;

The values have the following meaning:

— nil: the value nil

— seledt-range: a range of values
— seledt-list: a selecting expression that limits the range

— valud-expression: a value expression that specifies the value

8.6.2 Adgregate-specific features

This subclause describes features that are specific to aggregate values, datatypes,(and normative datatypes.

8.6.2.1 |Aggregate-component ordering

Description: Specifies that the components of record or class type are ofdered, unordered, or unspecified.

Syntax:
aggregate-order = '"aggregateorder', "='", .aggregate-order-value ;
aggrzate-order-value = '"ordered" |
"notordered" |
"unspecified"” |
"default" ;

The Values have the following meaning:
— ordered: the aggregate's components areJordered
— notordered: the aggregate's component's ordering is indeterminate
— unspecified: it is not specified.Whether the aggregate's components are ordered or unordered

— defadlt: the ordering is‘the default value

8.6.3 Adgregate-component-identifier uniqueness

Description: Specifies that the components of record or class type whose identifiers are unique or not (see
6.8.4).

Syntax:
aggregate-uniqueness = 'aggregateuniqueness', '"='", aggregate-uniqueness-value ;
aggregate-uniqueness-value =
"unique" I
"notunique” |
"unspecified"” |
"default" ;
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unspecified: it is not specified whether the aggregate's components' identifiers are unique or not

default: the uniqueness is the default value

8.6.

4 Usage-specific features

THis subclause describes features that are specific to the use of values, datatypes, and normative datatypes.

EXAMPLE

normative obsolete =
provision (obligation=require, target=type,
scope=identifier, trigger=oninstantiation, action=diagnostic)

normative R =
record obsolete
(

//
)

8.6.4.1 Usage triggers

Description: Specifies usage triggers for the provisions features.

Syntax:

8.6

usage-trigger = '"onuse", "=", usage-trigger-value ;
usage-trigger-value = '"ondeclaration" |
"oninstantiation" |

"onaccéss" ;
The values have the following meaning:

ondeclaration: the action.s\triggered on a declaration that uses this provision
oninstantiation: the action is triggered on instantiation of a value

onaccess: the action'is triggered on the use of a value

4.2 Usage-actions

De¢scription; Specifies the action to take if a provision is triggered.

Syntax:

The following provision specifies that a diagnostic message occurs every time Rjis.instantiated.

action-trigger = T"action", "=", action-trigger-value ;
action-trigger-value = '"diagnostic" |
"none" ;

The values have the following meaning:
diagnostic: an implementation-defined diagnostic message occurs

none: NO action is taken
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9 Declarations

This International Standard specifies an indefinite number of generated datatypes, implicitly, as recursive
applications of the datatype generators to the primitive datatypes. This clause defines declaration
mechanisms by which new datatypes and generators can be derived from the datatypes and generators of
Clause 8, named and constrained. It also specifies a declaration mechanism for naming values and a
mechanism for declaring alternative terminations of procedure datatypes (see 8.3.3).

Syntax:
declaffation = type-declaration |
value-declaration |
procedure-declaration |
termination-declaration ;
NOTE This clause provides the mechanisms by which the facilities of this International Standard can be\extended fo

meet the ng¢eds of a particular application. These mechanisms are intended to facilitate mappings by allowing for definitipn
of datatypefs and subtypes appropriate to a particular language, and to facilitate definition of application,services by
allowing th¢ definition of more abstract datatypes.

9.1 Type declarations

A type-deglaration defines a new type-identifier to refer to a datatype or a datatype generator. A datatype
declaration may be used to accomplish any of the following:

— to renpme an existing datatype or to name an existing datatype whigh.,has a complex syntax, or
— as thg syntactic component of the definition of a new datatype, or

— as thg syntactic component of the definition of a new datatype generator.

Syntax:
type-declaration = '"type", type-identifier,
[ "(" formal-type-parameter-list, m" 7,
"=", [ "new" ], type-definition |
normative-datatype-declaration ;
type-lidentifier = identifier
formall -type-parameter-list = formal-type-parameter,
{ \,", formal-type-parameter } ;
formall -type-parameter = formal-parameter-name, '":", formal-parameter-type /
formall -parameter-name = lidentifier ;
formall -parameter-type = type-specifier |
"tY})e"

type-specifier ;
formal-parameter-name ;
formal-parameter-name ;

type-definition
form:ﬁ -parametric-value
formall -parametric-type

Every formal-parameter-name appearing in the formal-type-parameter-1ist shall appear at least
once |in the typerdefinition. Each formal-parameter-name whose formal-parameter-type iS a
typetspecifier shall appear as a formal-parametric-value and each formal-parameter-name
whosg férmal-parameter-type is type shall appear as a formal-parametric-type. Except for such
occurrencges, Nno value-expression appearing in the type-definition shall be a formal-parametrig-
value and No type-specifier appearing in the type-definition shall be a formal-parametric-type.

The type-identifier declared in a type-declaration may be referenced in a subsequent use of a
type-reference (see 8.5). The formal-type-parameter-1ist declares the number and required
nature of the actual-type-parameters which must appear in a type-reference which references this
type-identifier. A type-reference Which references this type-identifier may appear in an
alternative-type Of a choice-type Or in the element-type of a pointer-type in the type-
definition Of this or any preceding type-declaration. In any other case, the type-declaration for
the type-identifier shall appear before the first reference to it in a type-reference.

No type-identifier shall be declared more than once in a given context.
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What the type-identifier is actually declared to refer to depends on whether the keyword new is
present and whether the formal-parameter-type type is present.

9.1.1 Renaming declarations

A type-declaration Which does not contain the keyword new declares the type-identifier to be a
synonym for the type-definition. A type-reference referencing the type-identifier refers to the
general-purpose datatype identified by the type-definition, after substitution of the actual datatype
parameters for the corresponding formal datatype parameters.

9.1.2 New datatype declarations

A ftype-declaration that contains the keyword new and does not contain the formal-parameter-tlype type
is paid to be a datatype declaration. It defines the value-space of a new general-purposedatatype, which is
digtinct from any other general-purpose datatype. If the formal-type-parameter-1ist ishot present, then
thé type-identifier is declared to identify a single general-purpose datatype. If the, formal-type-
parameter-list is present, then the type-identifier is declared to identify a family of datatypes
parameterized by the formal-type-parameters.

THe type-definition defines the value space of the new datatype (family) — there is a 1-to-1
correspondence between values of the new datatype and values of thedatatype described by the type-
ddfinition. The characterizing operations, and any other property of'the new datatype which canngt be
deduced from the value space, shall be provided along with the €ype-declaration to complete the definition
of the new datatype (family). The characterizing operations may’be taken from those of the datatype|(family)
degscribed by the type-definition directly, or defined by seme algorithmic means using those operations.

NQTE The purpose of the new declaration is to allow beth'syntactic and semantic distinction between datafypes with
idgntical value spaces. It is not required that the characterizing operations on the new datatype be different fron those of
th¢ type-definition. A semantic distinction based on-application concerns too complex to appear in the basid
chpracterizing operations is possible. For example, acceleration and velocity may have identical computational yalue
sppces and operations (datatype real) but quite different physical meanings.

9.1.3 New generator declarations

A ftype-declaration which contains the keyword new and at least one formal-type-parameter wihose
fdrmal-parameter-type iS type is said to be a generator declaration. A generator declaration declares the
e-identifier to be a newdatatype generator parameterized by the formal-type-parameters)and the
ociated value space construction algorithm to be that specified by the type-definition. The
racterizing operations, and other properties of the datatypes resulting from the generator which gannot be
duced from the value space, shall be provided along with the generator declaration to complete the
inition of the new datatype generator.

QOO0 QO

THe formal-type-parameters Whose formal-parameter-type iS type are said to be parametric datatypes.
A pgenerator'declaration shall be accompanied by a statement of the constraints on the parametric datatypes
d on the values of the other formal-type-parameters, if any.

O

9.2 Value declarations

A value-declaration declares an identifier to refer to a specific value of a specific datatype.

Syntax:
value-declaration = '"value", value-identifier, ":", type-specifier,
"=", independent-value ;
value-identifier = Jidentifier

The value-declaration declares the identifier value-identifier to denote that value of the datatype
designated by the type-specifier which is denoted by the given independent-value (see 7.5.1). The
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independent-value shall (be interpreted to) designate a value of the designated general-purpose datatype,

as specified by Clause 8 or Clause 10.

NO independent-value appearing in a value-declaration shall be a formal-parametric-value and no
type-specifier appearing in a value-declaration shall be a formal-parametric-type.

9.3 Termination declarations

A termination-declaration declares a termination-identifier to refer to an alternate termination
common to multiple procedures or procedure datatypes (see 8.3.3) and declares the collection of procedure

parametefs returned by that termination.
Syntax:
termination-declaration = "termination'", termination-identifier,
[ "(", termination-parameter-list, mT ] ;
termipation-identifier identifier ;

termination-parameter-list

par ter

par ter-type

par. ter-name identifier ;
The par

identifipr

The termination-declaration is a purely syntactic object. All semantics are'derived from the use of the
terminatlion-identifier as a termination-reference in a procedure or procedure datatype (see 8.3.3)

9.4 Normative datatype declarations

A normati

Syntax:

normajtive-datatype-declaration =
"normative'.,
[ ”n ("

n=n
’

9.5 Lexical operations

This secti
A defined

reference with the following-syntax:

9.5.1 Import

Description: Import retrieves the contents of a type definition.

Syntax:

parameter, {
[ parameter-name,
type-specifier ;

eter-names Of the parameters in a termination-parameter-1ist shallbe distinct. No
terminatlion-identifier shall be declared more than once, nor shall it be the same as any type-

e datatype declaration defines a new type-identifier to refer to a family of datatypes.®)

formal-type-parameter-1list,
type-definition ;

bn describes declarations that relate to construction of a program-text from other program-texts.
datatype is a datatype)defined by a type-declaration (see 9.1). It is denoted syntactically by a type

mon
77

parameter } ;
], parameter-type ;

mon

identifier,

") " J/

import-type = T"import",

{ "including",

"excluding",

source-value,

" ("
7

select-1list,

select-1list, ")" |

") " } ;

"(",

source-value = URI

identifier
tag-type type-specifier ;
discriminant

select-item,
identifier

select-list
select-item
URI

9) See6.9.

74

value-expression ;

{ mon
77

select-item } ;

(* described by RFC 2396 *)
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Components: The source value identifies a resource that contains a program-text. Each declaration in that
program-text is included in the current program-text as if it appeared verbatim in the current program-text.
Exceptions: If the including keyword is used, then only those elements are included in the source. If the
excluding keyword is used, then all other elements are included in the source.

NOTE 1 The import datatype generator is referred to in some programming languages as #include operator:

record

(
import "http://headers.org/my-public-api-definition/record.txt",

)

NQTE 2  The import datatype generator might be used to perform basic inheritance and subclassing:

class

(
import superclass,
override methodl: procedure // ...,

)

9.5.2 Macro

Degscription: Macro transforms string parameter value to declaration text. The‘macro capability permits the
definition of textual replacements within 11404 program text, but doeshot declare new datatypes.

Syntax:
macro-definition = '"macro", identifier, "(",\parameter-list, ")" ,
"{", text, "} ";
EXAMPLE A parameter is used to insert declaration text.

type X(extra) = record

(
name: characterstring,
address: characterstring,
city: characterstring,
eval (extra)

}

Y: X("country: characterstting, postalcode: characterstring")

In this example, the datatype of-¥.includes the three elements in the definition of X (name, address, city) and tyo
adgitional elements specified as.parameters (country, postalcode).

10 Defined datatypes and generators

THis clausesspecifies the declarations for commonly occurring datatypes and generators which can ke derived
frgm the datatypes and generators defined in Clause 8 using the declaration mechanisms defined in|Clause 9.
THey arevincluded in this International Standard in order to standardize their designations and definitjons for

intIerchange purposes.

10.1 Defined datatypes

This clause specifies the declarations for a collection of commonly occurring datatypes which are treated as
primitive datatypes by some common programming languages, but can be derived from the datatypes and
generators defined in Clause 8.

The template for definition of such a datatype is:

Description: prose description of the datatype.

Declaration: a type-declaration for the datatype.
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Parametric values: when the defined datatype is a family of datatypes, identification of and constraints
on the parametric values of the family.

Values: formal definition of the value space.

Value-syntax: when there is a special notation for values of this datatype, the requisite syntactic
productions, and identification of the values denoted thereby.

Properties: properties of the datatype which indicate its admissibility as a component datatype of
certain datatype generators: numeric or non-numeric, approximate or exact, ordered or unordered, and if

L L L L L L L
order EC,ootmnaedorunmootnaea:

Operptions: characterizing operations for the datatype.
The notatipn for values of a defined datatype may be of two kinds:

1. If the gatatype is declared to have a specific value syntax, then that value syntax is a valid notation for
valueg of the datatype, and has the interpretation given in this clause.

2. If the gatatype is not declared to have a specific value syntax, then the syntax foryexplicit-values of the
datatype identified by the type-definition is a valid notation for values of the defined datatype.

10.1.1 Ngtural number
Description: naturalnumber is the datatype of the cardinal or natural ndmbers.
Declaratign:

type paturalnumber = integer range (0..%*)
Parametrig Values: none.
Values: the non-negative subset of the value-space of datatype Integer.
Propertieq: ordered, exact, numeric, unbounded above, bounded below.

Operationg: all those of datatype Integer; except Negate (which is undefined everywhere).

10.1.2 Modulo

Description: modulo is a faniily of datatypes derived from Integer by replacing the operations with arithmetic
operdtions using the.nmodulus characteristic.

Declaratign:

type fmodulo (modulus: integer) = new integer range(0..modulus-1) excluding(modulus)

Parametric Values: modulus is an integer value, such that 1 < modulus, designated the modulus of the Modulo
datatype.

Values: all Integer values v such that 0 < v and v < modulus.
Properties: ordered, exact, numeric, bounded.
Operations: Equal, InOrder from Integer; Add, Multiply, Negate.

Add(x, y: modulo (modulus)): modulo(modulus) = Integer.Remainder(integer.Add(x,y), modulus)
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