INTERNATIONAL ISO/IEC
STANDARD 11404

Second edition
2007-12-15

/N —

Information technology — General-
Purpose Datatypes (GPD)

Technologies de l'information — Typés de données

Reference number
ISO/IEC 11404:2007(E)

1SO|IEC
g g © ISO/IEC 2007



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

ISO/IEC 11404:2007(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© ISO/IEC 2007

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO/IEC 2007 — All rights reserved


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

ISO/IEC 11404:2007(E)

Contents Page
0T =TT o Vi
0 0 Yo 11T T ) o vii
1 1Y o o - OSSO 1
2 LA L LILLLE= LN A = 1] = ¥ = s ERER 1
3 Terms and defiNitioNS .......ccoooociiiic e e P e e f e s e e 2
4 L0001 0 3 .4 F- 1 4 T P S Y S 8
4.1 Direct CONfOrMANCE ........ocoieeereeee e e e s mn e snssne e eessnnene ey enensmr e e nnna s ensnrenenssmneneas 8
4.2 Indirect CONfOrMANCE ... e bg e Ve n e e e mr e e e s e e e nmn e e e s mneneas 9
4.3 Conformance of a mapping standard............c.ocoiiii i e b 9
4.4 GPD program conformance...........cccoccviniinsimnninnsnsssssssge fr e, 10
5 Conventions used in this International Standard...................c 08 e e, 10
5.1 [T 1 F 1IN - G S SN (R 10
5.2 TeXt CONVENLIONS ........eeiiiiii e ncn e Db Ten s s mmmn e e e e e s s s mmnn e e e e s sesssnnafenssnnsssnnmnnnnees 1
6 Fundamental NOtIONS ... e e mme e e e s e s s 1
6.1 [ F: 1 - 147 1N S S 1
6.2 R 18 == o - - 2 407 SRS 12
6.3 [DEE1 2= 1477 o <IN 0] 0T o X=T o 1= Y F 12
L0 T T I o 11T 1132 S SN PO 13
L T I o - 0 B 13
L 0 T N = T T U] o N P 13
6.3.4 | Cardinality ....cccocciiiiiiiiri iR nnn e e 14
6.3.5 | Exact and approXimate ............cco i s mmn e s s s s e e e e e e 14
L T I 11T 4 =Y o e N P 14
6.4 Primitive and non-primitive datatypes ..o b 15
6.5 Datatype generator ....... uful e 15
6.6 Characterizing operations ...........ccccciiiiiiiiiinr s - 15
6.7 Datatype families ....ivuiiiiiicciiciiiii s n e e e s e s nmnn e e e s b s nnnnn e e e e e saanan 16
6.8 Aggregate datatyPes .........ccceeerrermrrrmmmmmmmrmrrrrrrrrrrrrrrerrrrr e nrnrennrnsnsnsssmsmsmsmsmsmsmsssssssasssmsnnshusnrereennnnnnnnns 17
6.8.1 | HOMOQENEItY /riiieviiiiiiiiiieieeeeeeee e se e e s ss s e ssee s e s s s e ss e se s s e es s s sssssnssnsnsssnnsnnsnsnsmnnnmnmsmnmnmnnsmnnnnnannnnnnnsfensnnnnnnnnnnnnnnns 17
LT 0 I N SO 17
6.8.3 | UNIQUENESS .. ..o ceiecececeieieisees s s e e s s e sess s s s s s e s s s e ssssssssesssesssssssssssssssnnsnnsnsnsnsnsnsnnnnnnnnnnnnnnnnnnnnnnnnnnsussssnnnnnnnnnnnnns 17
6.8.4 | Aggregate-imposed identifier UNiQUENESS.........ccccecccierrcccerrrrcrr e e e 18
6.8.5 | Aggregate-imposed Ordering ........ccccceiiniieiriinisir i b 18
6.8.6 | ACCESS MEthOd .........eeeie e mne e s s na e s 18
6.8.7 | RECUISIVE STIUCLUIE ... e e e e s e s s e s s e 19
(70 28 TR Y 4 8 [ 40 1 (=0 i 1 1o L0131 110 L0310 | (= o [ N 19
6.8.9 Mandatory and optional COmMPONENLES.......cccoiiiiiiiciiiriiir e e 19
6.9 Provisions associated with datatypes...........ccccvvimiiiiiiinn e —— 19
7 Elements of the Datatype Specification Language .........ccccerreeeierricecrerrcecce e 21
71 IDN Character-Set ....... ..o e s 21
7.2 L AT 11 TS o X Lo = PP 22
7.3 IR o= 1o o =Y o 3 23
A TR T T =Y o) 7Y 23
78 7 T 11 =3 T o 23
7.3.3 Character-literal and string-literal ...........ccccciiiiiiiiiini i —————— 23
A T S (=T AT o L 24
7.4 X T 4 T =1 e o 1= 24
7.5 £ 1L TS 25
© ISO/IEC 2007 — All rights reserved iii


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

ISO/IEC 11404:2007(E)

7.51
7.5.2
7.6

8.1
8.11
8.1.2
8.1.3
8.14
8.1.5
8.1.6
8.1.7
8.1.8
8.1.9
8.1.10
8.1.11
8.1.12
8.2
8.21
8.2.2
8.2.3
8.24
8.2.5
8.2.6
8.3
8.3.1
8.3.2
8.3.3
8.4
8.41
8.4.2
8.4.3
8.44
8.4.5
8.4.6
8.4.7
8.5
8.6
8.6.1
8.6.2
8.6.3
8.6.4

9.1
9.11
9.1.2
9.1.3
9.2
9.3
9.4
9.5
9.5.1
9.5.2

10
10.1
10.1.1
10.1.2
10.1.3

Lo 1= o =Y Lo 1= o 1V 1 LU T 25
Dependent VAIUES ........ccccciiiiiiirririrsrsrsrsssssss s ssssssssssssss s s s s s s s s s s s s s s ss s s s s snsnsnsnsn s s snsnsnensnnnsnenensnensnnnnnnnnnnnnnnns 26
GPD Program tEXL .......cccceiiiiiiciieciierr s ssssssscer e s e s s s ssmn e e s e s s e e e e e ee e e s nnne e e reeea e e nnnneeneanesnnnneenenn 27
[ F: 1 £ 14 oY= 27
Primitive datatypes ... e e 28
= o T 1= N 29
1 1 (= 30
=TT 0 1= = 1 L= o 31
L0 5 - = T =T 32
.................................................................................................................................................. 33

[ F 1= 14 Lo LN I | 3 T 34
...... 35

RAtioONAl ... s nnne s b b 36
.................................................................................................................................................. 37
..................................................................................................................................................... 38
L0011 o7 =PSRRI .+ S-SR SUPR 40
..................................................................................................................................................... 41
Subtypes and extended tYPes ... ssee e s b annne e e e s sensnnafeneean 42
.................................................................................................................................................. 43

8= =Y o (13T - IS 43
Lo 11 5 T T T S S 44
..................................................................................................................................................... 44

L= o] [T [ =T V] ¢ 47 7= -~ S 45
€ =] 110 (= Y SRR S 45
Generated datatyPes....c.ccccvvicccicemiiiirir e e e e nnnn e e e e e e s s snnnneeenenssnnnne fereean 46
................................................................................................................................................. 47
................................................................................................................................................. 49

o 0T o= o T P SN 50
F= L= D F = 14 o L= SRR SRR 53
................................................................................................................................................. 55
................................................................................................................................................... 56
................................................................................................................................................... 58
................................................................................................................................................... 59

3 o = I 60
................................................................................................................................................... 61
................................................................................................................................................... 64

Lo e B 1 =1 4/ T 66

o 03V T 710 o = N SN 66
| parameters fOrProVISIONS ........cccciiiiiiccccscrrire e sssmsr e s e s s s smnee e e e e ssnsssnnafenenas 67
ate-specific FEATUIES......ccccvv i mne e e e e e s ssssmnns feeenas 70
ate-component-identifier UNiQUENESS ... e e 70
~SPECIfiC FEALUIES ... e r e ssnn e s e mnnn e e s e s s nnnnns feeenas 71

[ 7= o F= T = 1o TR S 72
Type AeClarations........ i s smn e e e s s mme e e e e e s e nnn e e e e sen s funnnes 72
L e (=T 2 F= T =1 e o 1= SN 73

L1 0 N 73

New generator declarations..........cccocceiiiiiiiiiinn i ———— 73
Value deClarations ... s mn e e n e e e s s e e e e s e nnnnnes 73
Termination declarations ... ——————— 74
Normative datatype declarations ... mmnnas 74
[ o= 1 o o T=T = Lo 4 N 74
] o o o 74
1o T o N 75
Defined datatypes and generators ............ccccorireeoeriircceminrce e 75
[ 1T T L= e F= 1 1 1= 75
L E= LB = 1 TW T 0 o = 76
1 o o 1] [ 76
PSSP SRR 77

© ISO/IEC 2007 — All rights reserved


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

ISO/IEC 11404:2007(E)

0T T = = ] o 77
10.1.5 Character STriNg ......ccccciiiiiiiiciirr e s e e e s s s s ssm s s e e e e e s e s s s mnn e e e e e e sas s s snnnneeeessssnnnnenenssnnnsn 77
10.1.6 TimMe INTEIVAL........eeeeee e s e mn e 79
S T A © T - 79
0 TR R @ T oY =3 i 3 T SRR 79
TR e T o - 1 80
10.1.10 Object identifier.......ccco i —————————————— 80
10.2  Defined generators ... 82
O TR - L RS SEPS ST 82
0T I Y = 83
007 T 0 T o1 ' o - 1 S 83
1 IV A D I g et e e e 84
11.1 | Outward MapPingsS.....ccccevicccriemerrerisissssssmnreserssssssssssseseesesssssssssnssssssessssssssnnnsssssssnsssssnsfobeshesssnnnnnnenssnnnns 85
11.2 | INWard MapPingsS.....cccueueuemmmmmmnnnnnnnnnnsnsssnsnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssfiothadonsfosssssssnsssssnnnnn 86
11.3 | Reverse Inward Mapping .......ccccccccerrrrrrsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssosbassnssanafasssasssssssnsnsnns 87
11.4 | Support of Datatypes .......ccccccriiiiiiicccccrrrr e ssssr e e s n s sene b Pen s e mnn e e e s b e sesnmnne e e e e eanann 87
11.4.1| Support of @QUALIEY ....ccoeeiiiciiceirr e sssrr e re s s Pas e se s mmnn e e e b e smmn e e e e e e ennann 87
11.4.2 | SUPPOIt Of OFAEN......ceiiiieei e sssrrr e e s s s ssmnns e e eesssssfnasenenessasssssnnnnenehesssnnnnneenssnnnn 88
11.4.3 | SUPPOIt Of BOUNAS.....ooo e (€ s e e e s e mmn e e e s b s e e e e e 88
11.4.4| Support of cardinality.........ccoooommiiiiiiicr e e e b 88
11.4.5| Support for the exact or approximate property ..o e reerreer s b 88
11.4.6 | Support for the NUMETIC ProPerty ... e e re e e s ssmee e e b 88
11.4.7 | Support for the mandatory components...........ccccomriiiiiie N riiiiinicccssrre e b 88
Annex A (informative) Character-set standards............cccce i@, 89
Annex|B (informative) Recommendation for the placement’of annotations.........ccccccccvrrriccifoenninniniccnns 91
Annex| C (informative) Implementation notions of datatypes ........cccccceeerirreccrrrccccenrccceeeeeee e 93
L= T 0] [T o T o] 42 P 96

© ISO/IEC 2007 — All rights reserved v


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

ISO/IEC 11404:2007(E)

Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental
and non-goverpmet tatmrtatsomrwith1SSandHECatsotake part i the-work—inthe-fietd-ofinformation

technology, ISP 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 Directives, Part 2.

The main task|of the joint technical committee is to prepare International Standards. Draft International
Standards adogpted by the joint technical committee are circulated to national bodies for'voting. Publicatjon as
an Internationgl Standard requires approval by at least 75 % of the national bodies casting a vote.

Attention is drgwn to the possibility that some of the elements of this documentmay be the subject of patent
rights. ISO and IEC shall not be held responsible for identifying any or all suéhpatent rights.

ISO/IEC 11404 was prepared by Joint Technical Committee ISO/IEC JTC1, Information technology,
Subcommittee|SC 22, Programming languages, their environmentsand system software interfaces.

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

Vi © ISO/IEC 2007 — All rights reserved
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Introduction

Introduction to the second edition

This second edition of ISO/IEC 11404 incorporates recent technologies and improvements since the first
edition (ISO/IEC 11404:1996). The following improvements have been incorporated into the second edition.

Titlechange 1o reflect actual usage. 1he use of ISONET 11404715 no Ionger S|mply a tool jof

coﬂnmunicating among programming languages (old title: Language-independent datatypes)).

1S(
stg
do
thg
ca

Ind

D/IEC 11404 is used for formal description of conceptual datatypes in binding (or binding-
ndards and used as formalization of metadata for data elements, data element concepts

t ISO/IEC 11404 is only useful for programming languages. The new title, Geheral-Purpg
ptures the essence of ISO/IEC 11404 and its use.

orporation of latest technologies. Provide enhancements to the use 6fISO/IEC 11404 as|

no
lan

Sul

guages, specifically Java, IDL, Express, and XML.

pport for semi-structured and unstructured data aggregates: Semi-structured data and urj

da
Fo
m4g
(e.

Suj

a includes aggregates where datatyping and navigation may be unknown or unspecified
F example, some systems permit “discovery” (or “introspection”) of data. In some cases, {
y be unknown in advance (e.g. at compilation time), but may be discovered and process
j. via datatype libraries or metadata registries).

pport for data longevity, versioning, and migration. There is a need to support, from a dat

pe
(en
SYS
po
pra
SYS

EXx|

spective, obsolete and reserved features, such as data elements and permissible values
umerations and states). Marking features as “obsolete” allows processing, compilation, g
tems to “flag” or diagnose old (deprecated) features, while still maintaining compatibility,
Esible to support transitions frem past to present. Similarly, marking features as “reserved
cessing, compilation, and runtime systems to “flag” or diagnose potential incompatibilitie
tems, so that it is possible_to support transitions from present to future.

fensibility of datatypes*and value spaces. There is a need to support some kind of extens

Fo
cre
ag
up
ca
de

F example: (1) aGPD specification of an aggregate contains the elements A and B. (2) A
ates an aggregate with the elements A, B, and C. (3) Are the application's “extensions” g
jregate aceeptable/in conformity with the GPD specification in (1)? The answer to (3) is d

independent)
and value

mains (see ISO/IEC 11179-3). The old title was potentially misleading because‘readers might believe

se Datatypes

a datatype

menclature reference for current programming languages, interface'languages and data fepresentation

structured

in advance.
he datatype
bd at runtime

atyping

nd runtime

so that it is

” allows

5 with future

ibility concept.
N application

f the
ependent

bn the intent and design of the specification in (1): in some cases extensions are permitte
bes extensions are not permitted. The extensibility concept would allow the user of GPD
Ecribe_the kind of extensions permitted. This feature is particularly important in (a) data ¢

a

>

1 (byapplication runtime environments that permit “discovery” or “introspection”

$

. This feafure is

d, in some
atatypes to
nformance

available via the "provision()” capabllity.

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

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

© ISO/IEC 2007 — All 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 approach leads directly to a situation in which the standardization of a new service library immediately
requires the standardization of the interface bindings to every standard programming language whose users
might reasonably be expected to use the service, and the standardization of a new programming language
immediately requires the standardization of the interface binding to every standard service package which
users of that Ignguage might reasonably be expected to use. To avoid this n-to-m binding problem,
ISO/IEC JTC 1, Information technology assigned to SC 22 the task of developing an International’Standard for
language-independent procedure calling and a parallel International Standard for language-independent
datatypes, which could be used to describe the parameters to such procedures.

This Internatiopal Standard provides the specification for the language-independent datatypes. It definep a set
of datatypes, ifdependent of any particular programming language specification orimplementation, thaf is rich
enough so that any common datatype in a standard programming language or(service package can be
mapped to some datatype in the set.

The purpose of this International Standard is to facilitate commonality@and’interchange of datatype notigns, at
the conceptual level, among different languages and language-related entities. Each datatype specified|in this
International Sfandard has a certain basic set of properties sufficient to set it apart from the others and {o
facilitate identification 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 poncept datatype. It is expected that each programming language standard will define a
mapping from the datatypes supported by that programming language into the datatypes specified herejn,

semantically identifying its datatypes with datatypes of;the reference model, and thereby with corresporlding
datatypes in other programming languages.

It is further exgected that each programming\language standard will define a mapping from those langupge-
independent (L) datatypes which that language can reasonably support into datatypes which may be
specified in thg programming language.‘At the same time, this International Standard will be used, amohg
other applicatipns, to define a “language-independent binding” of the parameters to the procedure calls
constituting the principal elements-0f the standard interface to each of the standard services. The production
of such servicg bindings and lafiguage mappings leads, in cooperation with the parallel language-indepgndent
procedure calling mechanism, to a situation in which no further “<language> binding of <service>" documents
need to be produced: Eagh.service interface, by defining its parameters using LI datatypes, effectively defines
the binding of $uch parameters to any standard programming language; and each language, by its mapping
from the LI datatypestinto the language datatypes, effectively defines the binding to that language of
parameters to pny efthe standard services.

viii © ISO/IEC 2007 — All rights reserved
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Information technology — General-Purpose Datatypes (GPD)

1

Scope

This Infernational Standard specifies the nomenclature and shared semantics for a collectionof|datatypes
comma@nly occurring in programming languages and software interfaces, referred to as the.Gengral-Purpose
Datatypes (GPD). It specifies both primitive datatypes, in the sense of being defined ab initio wifhout reference
to other 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 sense that

the dafatypes specified are classes of datatype of which the actual datatypes used.in programm
and other entities requiring the concept “datatype” are particular instances. These datatypes arg

nature
This In

thg
an

the
sp

thg
ref]

This In
datatyq
atomic
This In
and pr
defineq

This In
for the
identify

notions.

This In

thus, they serve a wide variety of information processing applications:
fernational Standard expressly distinguishes three notions of datatype:

conceptual, or abstract, notion of a datatype, which characterizes the datatype by its no
 properties;

structural notion of a datatype, which characterizes‘the datatype as a conceptual organi
pcific component datatypes with specific functionalities; and

implementation notion of a datatype, which characterizes the datatype by defining the ry
resentation of the datatype in a given environment.

fernational Standard defines the abstract notions of many commonly used primitive and 1
es which possess the structuralnetion of atomicity. This International Standard does not
datatypes; it defines only thase-which are common in programming languages and softw
fernational Standard defines structural notions for the specification of other non-primitive
pvides a means by which datatypes not defined herein can be defined structurally in term
herein.

fernational Standard defines a partial terminology for implementation notions of datatype

use of this terminology in the definition of datatypes. The primary purpose of this termino
common implementation notions associated with datatypes and to distinguish them fron

ferpational Standard specifies the required elements of mappings between the GPDs ang

ing languages
general in

minal values

yation of

les for

on-primitive
define all

are interfaces.
datatypes,

s of the GPDs

5 and provides
ogy is to
conceptual

the datatypes

of som

e ofher language This International Standard does nat specify the precise form of a2 map

ing, 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
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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 239

6, Uniform Resource Identifiers (URI): Generic Syntax

3 Terms and definitions

For the purpos

NOTE The
same terms.

3.1

actual parametric datatype

datatype appe
parametric-typ

3.2

es of this document, the following terms and definitions apply.

Bring as a parametric datatype in a use of a datatype generator, in contrast te the formal-
bs appearing in the definition of the datatype generator

actual para
value appeari
the formal-par

3.3
aggregate dat

generated datatype each of whose values is made up of values.of the component datatypes, in the sen

operations on

3.4
annotation
descriptive infq

characterize spme aspect of the representations, variables, or operations associated with values of the

datatype

3.5
approximate
property of a d
datatype and t

3.6
bounded
property of a d

3.7

m’1tric value

g as a parametric value in a reference to a datatype family or datatype generator, in cont
metric-values appearing in the corresponding definitions

atype

bll component values are meaningful

rmation unit attached to a datatype, :o’a component of a datatype, or a procedure (valug

atatype indicating that'there is not a 1-to-1 relationship between values of the conceptual
ne values of a valid computational model of the datatype

ptatype;. meaning both bounded above and bounded below

rast to

e that

), to

bounded abo

Ve

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, s

3.8

<U

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

© ISO/IEC 2007 — All rights
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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
compgnent datatype
datatype which is a parametric datatype to a datatype generator

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

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

3.13
datatype declaration
means|provided by this International Standard for the definition of-a-datatype which is not itself gefined by this
International Standard

3.14
datatype family
collection of datatypes which have equivalent characterizing operations and relationships, but value spaces
that differ in the number and identification of the individual values

3.15
datatype generator

genergtor

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

3.16
defined datatype
datatype defined by a type=declaration

3.17
define generator
datatype generator defined by a type-declaration

3.18
exact
property of a datatype indicating that every value of the conceptual datatype is distinct from all others in any
valid computational model of the datatype

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-generated datatype

GPD datatyp¢
datatype defin

NOTE Alth
be read as “gen

3.23

generated dafatype

datatype defin

3.24

generated internal datatype

datatype defin

one or more pieviously-defined internal datatypes

3.25
generator ded
means providg
defined by this

3.26
instruction
provision that

[ISO/IEC Guid

3.27

internal datat
datatype whos
service or othsg

3.28

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

bugh “GPD datatype” expands to “general-purpose datatype datatype” and might appear.redundan
bral-purpose-datatype datatype”, where GPD is an adjective and datatype (standalon€)'is a noun.

pd by the application of a datatype generator to one or more previgusly-defined datatypes

pd by the application of a datatype generator defined in_ a patticular programming languag

laration
d by this International Standard for the defipition of a datatype generator which is not itsg
International Standard

onveys an action to be performed

A%

2]

ype
e syntax and semantics are defined by some other standard, specification, language, pro
r information_processing entity

inward mapping
conceptual asgoeiation between the internal datatypes of a language and the general-purpose datatype

t, it is to

je to

duct,

S

which assigns to each general-purpose datatype either a single semantically equivalent internal datatype or

no equivalent i

3.29
lower bound

nternal datatype

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

NOTE 2

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

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

3.33
meta-identifier
name ¢f a non-terminal symbol

[ISO/IHC 14977]

NOTE See note in 5.1 concerning the context of the specialized usage of this term fordescribing the pyntax of
ISO/IEG 11404 program text.

3.34
non-terminal symbol
(EBNF} syntactic part of the language being defined

[ISO/IHC 14977]
NOTE See note in 5.1 concerning the context of the specialized usage of this term.

3.35
normative datatype
collectipn of specifications for datatype properties that may be simultaneously satisfied by more|than one
actual fgatatype

3.36
normative document
documgnt that provides rules, guidelines or characteristics for activities or their results

[ISO/IHC Guide 2]

NOTE 1 The term “nofmative document” is a generic term that covers such documents as standards and technical
specificptions.

NOTE 2 A “ddcument” is to be understood as any medium with information recorded on or in it, such ag a paper
documgnt or program code.

3.37
optional requirement

requirement of a normative document that must be fulfilled in order to comply with a particular option 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 on wifiich a datatype generator operates to produce a generated datatype . 1 |

3.42
parametric value (1)
value which digtinguishes one member of a datatype family from another

3.43
parametric value (2)
value which is ja parameter of a datatype or datatype generator defined by a typesdeclaration

NOTE See|9.1.

3.44
primitive datitaype
identifiable datatype that cannot be decomposed into other identifiable datatypes without loss of all semantics
associated with the datatype

3.45
primitive internal datatype
datatype in a garticular programming language whose,values, conceptually, are not constructed in any way
from values of|other datatypes in the language

3.46

provision
expression of pormative wording that takes the form of a statement, an instruction, a recommendation dr a
requirement

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

in the imperativg mood, recommendations by the use of the auxiliary “should” and requirements by the use of the auxiliary
“shall”.

3.47
recommendation
provision that 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

[ISO/IEC Guide 2]

3.52
senterjce
(EBNF}) sequence of symbols that represents the start symbol

[ISO/IHC 14977]
NOTE See note in 5.1 concerning the context of the specialized usage of this term!

3.53
sentingl value
element of a value space that is not completely consistent with a datatype's properties and charpacterizing
operations

NOTE A numeric datatype, which includes characterizing operations such as Equal and InOrder, mdy include
sentine| values such as not-a-number, indeterminate, not-applicable, +infinity, -infinity and so on. Thgse
charactgrizing operations are not defined for sentinel valuest

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

[ISO/IHC 14977]
NOTE See note in 5.1 concerning ‘the context of the specialized usage of this term.

3.55
start symbol
(EBNF}) non-terminalisymbol that is defined by one or more syntax rules but does not occur in any other
syntax]rule

[ISO/IHC 14977

NOTE 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 suchithat, for all values s in the value space in a datatype which is bounded above, 1s'<'U

3.61
value space
set of values f@r a given datatype

3.62

variable
computational jobject to which a value of a particular datatype is associated\at any given time; and to which
different value$ of the same datatype may be associated at different times

4 Conformance

An information| 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 specffied in
this Internatiorfal 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 datatypé. Information processing entities for which conformance to this
International Stgndard 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 ¢onformance

An information| processjngéntity which conforms directly to this International Standard shall:

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

2. define the value spaces of the general-purpose datatypes used by the entity to be identical to 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-
provided operations on the datatype.

NOTE 4
datatyp
applicat

42 |

An infa

1. prq

sp
2. sp
ou

NOTE 1
direct ¢

NOTE 2
exchan
have a

4.3 (
In orde
require

NOTE 1
betweel
Such m

NOTE 2
standar
parame
“user” gr

hdirect conformance

Examples of entities which could conform directly are language definitions or interface specifig
bs, and the notation for them, are those defined herein. In addition, the verbatim support by a softw
ion package of the datatype syntax and definition facilities herein should not be precluded,

rmation processing entity which conforms indirectly to this International Standard shall:
vide mappings between its internal datatypes and the general-purpese datatypes confori
bcifications of Clause 11 of this International Standard; and

ward mapping is provided, and for which no mapping isrovided.

Standards for existing programming languages are.expected to provide for indirect conforman
bnformance.

Examples of entities which could conform jndirectly are language definitions and implementati
je specifications and tools, software engineering tools and interface specifications, and many othe
concept of datatype and an existing notation for it.

Lonformance of a mapping 'standard

r to conform to this International Standard, a standard for a mapping shall include in its ¢
ments the requirement to conform to this International Standard.

It is envisaged that this International Standard will be accompanied by other standards specify
h the internal datatypes specified in language and language-related standards and the general-pur
apping standards.are required to comply with this International Standard.

Such{mapping standards may define “generic” mappings, in the sense that for a given internal

H specifies a parameterized general-purpose datatype in which the parametric values are not deriv
tricvalues of the internal datatype nor specified by the standard itself, but rather are required to be
|mplementor of the mappmg standard That is, mstead of spemfymg a partlcular general purpos<

pcify for which of the datatypes in Clause 8 and Clause 10@n inward mapping is provided,

ations whose
are tool or

ming to the

for which an

ce rather than

bns, information
entities which

bnformance

ng mappings
bose datatypes.

datatype the
ed from
specified by a
b datatype, the

mapping

cify which

member of the famlly applles toa partlcular use of the mapplng standard This is always necessary when the internal
datatypes themselves are, in the intention of the language standard, either explicitly or implicitly 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 specified 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

5 Conven

5.1 Formal

This Internatio
ISO/IEC 14977
summarizes th

NOTE The
symbol have sps

ions used in this International Standard

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

syntax

nal Standard defines a formal datatype specification language. The notation defined in
[, Extended Backus-Naur Form (EBNF), is used in defining that language. Table 5-1
e ISO/IEC 14977 EBNF syntactic metalanguage.

terms meta-identifier, non-terminal symbol, sentence, sequence, start symbo); subsequence, and {
bcial meaning in the context of EBNF notation (see Clause 3).

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

erminal

Representat

on | ISO/IEC 10646 Character Names

Metalanguage Symbol

apostrophe

first guote symbol

n n

quotation mark

second quote symbol

ee aa,

{aaj, "E" ;

(* *) left parenthesis with asterisk, start/end comment symbols
asterisk with right parenthesis
( ) left parenthesis, right parenthesis start/end group symbols
[ 1 left square bracket, right squaredracket start/end option symbols
{ } left curly bracket, right curly bracket start/end repeat symbols
? ? question mark 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 bradkets:
aa = "A"| ;
bb = 3 *laa, "B" ;
cc = 3 * [aa], "C" ;
dd = {aa}, "D" ;

ff 3 *
Terminal strings

aa: A
bb: AAAB

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

defined by these rules are as follows:

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 ng I Uedld I n"pr I 4 I nE
I "G" I 1 &l I ngn I nJ" I R I AU I "M
I "N I "o I npn I "Q " I "R I ngn I o
I ng" I nyn I il I nyn I nyn I ngm .
7
vowel = "A" I ngn I ngn I "o I ng" ;

H (* These examples aze rrom ISO/IEC 14977 *)

5.2 Text conventions

Within the text:

— A reference to a terminal symbol syntactic object consists of the terminal symbol in fixed width courier,
e.d. type.

— A neference to a non-terminal symbol syntactic object consists of the non-terminal-symbol in fixed width
italic courier, e.g. type-declaration.

— Mdthematical notation, properties, and characterizing operations are in bold, e.g., InOrder(x,y).
— Nop-italicized words which are identicalor nearly identical in spelling to a non-terminal-symbol refer to the

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

6 Fundamental notions

6.1 Datatype

A datatype is alset’of distinct values, characterized by properties of those values and by operatipns on those
values) Characterizing operations are included in this International Standard solely in order to identify the
datatype /n-this International Standard, characterizing operations are purely informative and haye no
normative impact.

The term general-purpose datatype is used to mean a datatype defined by this International Standard. The
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.
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6.2 Values

pace

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

defined in one

properties,

of the following ways:

enumerated outright, or

defined axiomatically from fundamental notions, or

or

defined as
constructid

NOTE 1 This
notion to “dataty
Information tech
<value, meaning
the notion value

A distinct valug¢ may belong to the value space of more than one datatype, so_long as it properly suppor

properties and

A value space
properties and
said to 'belong
characterizing
not belong to t
form of the Eq

NOTE2 Any|
sentinel values 4
characterizing o

6.3 Datatyy

The model of g
It is “computati
makes distinct
in the sense th
properties of t

NOTE 1 Itis
representations
the characteristi

a combination of arbitrary values from some already defined value spaces by a specifieg
n procedure.

International Standard defines the concept “value space”, which is just a set of values. [bextends
pe” by adding computational properties supported by characterizing operations. ISOHEC 11179,
nology — Metadata registries (MDR), introduces the concept “value domain”. A “yalue domain” is g
> pairs, each pair consisting of a value and its conceptual interpretation. That is, ISO/IEC 11179 e
space to “value domain” by adding its meaning for users and applications.

characterizing operations of each of them (see 6.6).

contains regular values (elements of a value space that’are consistent with a datatype's
characterizing operations). A datatype may also havé sentinel values: elements that can
to the datatype but that may not be completely consistent with the properties and
operations of the datatype. For the purpose of this.International Standard, sentinel value
ne value space of the datatype. If a datatype has sentinel values, then there shall always
hal operator to distinguish these sentinel values from regular values (see also 8.2.6).

meric datatype, which includes characterizing operations such as Equal and InOrder, may includg
uch as not-a-number, indeterminate,.not-applicable, +infinity, -infinity, and so on. These
berations are not defined for sentinel walues.

)e properties

atatypes used in this International Standard is said to be an “abstract computational mog
onal” in the sense(that'it deals with the manipulation of information by computer systems
ons in the typing of data units which are appropriate to that kind of manipulation. It is “ab
at it deals with\the perceived properties of the data units themselves, rather than with the
eir representations in computer systems.

mpoytant to differentiate between the values, relationships and operations for a datatype and the
pf those values, relationships and operations in computer systems. This International Standard sp¢g

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

hat

set of
tends

ts the

be

5 do
be a

el”.
and
stract”

cifies

cs\ofthe conceptual datatypes, but it only provides a means for specification of characteristics of

representations

NOTE 2

of the datatypes.

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

NOTE 3

It is not proper to describe the datatype model used herein as “mathematical”, because a truly mathematical

model has 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 =b ifand only if b=a:

— for|any three instances (a, b, c¢) of values from the value space, if a =b and b=c, thepla=¢ .
On every datatype, the operation Equal is defined in terms of the equality property of-the value gpace, by:

— forlany values a, b drawn from the value space, Equal(a,b) is true if « = b, and false otherwige.

6.3.2 |Order

A valug¢ space is said to be ordered if there exists for the value space-an order relation, denoted|<, with the
following rules:

— for|every pair of values (a, b) from the value space, eithef ¢'<b or b < a, or both;
— forlany two values (a, b) from the value space, if ¢ <b*and b<a,then a=5b;

— for|any three values (a, b, c) from the value spagg, if « <b and b<c, then a<c.
For copvenience, the notation a < b is used herein to denote the simultaneous relationships: a Kb and a=b.

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

— forlany two values (a, b) from-the value space, InOrder(a, b) is frue if a < b, and false otherwjise.

NOTE There may be several 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 a
charactgristic of an ordered datatype and may affect the definition of other operations on the datatype.

6.3.3 |Bound

A datafype’is said to be bounded above if it is ordered and there is a value U in the value spacdg such that, for
all values-s-ithe—value space; <t~ Hhe-vatte—t—is-then-saidtobe-an tpper-botnd ofthe-vatue space.

Similarly, a datatype is said to be bounded below if it is ordered and there is a value L in the space such that,
for all values s in the value space, L <s. The value L is then said to be a lower 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,

— datatypes whose value spaces are approximate (see 6.3.5), and therefore have a finite or denumerably
infinite computational model, although the conceptual value space may be non-denumerably infinite.

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

infinite.

B denumerably infinite value space, there always exist representation algorithms such that no two distinct
same representation and the representation of any given value is of finite length. Cenversely, in a pon-
nite value space there always exist values which do not have finite representations.

NOTE For
values have the
denumerably inf

6.3.5 Exact and approximate

bnal model of a datatype may limit the degree to which values.of the datatype can be
f every value in the value space of the conceptual datatypeyis distinguishable in the
model from every other value in the value space, then the datatype is said to be exact.

The computati
distinguished.
computational

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

P be
Bre is
x|<h.

the mathematical datatype and C be the*Corresponding computational datatype, and lef
hg from the value space of M to the value space of C . Then for every value v' in C, th
nding value v in M and a real value<% such that P(x)=v' forall x in M such that |v—
is the approximation in C to all values in M which are “within distance / of value v”.
re, for at least one value V' in\C , there is more than one value y in M such that P(y)=
not an exact model of M .

Let M be
the mappi
a corresp(
That is, V'
Furthermd
thus C is

v'. And

In this Internat
parametric val

mathematical ¢latatype to be distinguishable in the computational datatype.

NOTE The
datatype with fix

onal Standard, all approximate datatypes have computational models which specify, via
les, a degree of appreximation, that is, they require a certain minimum set of values of th

computational-model described above allows a mathematically dense datatype to be mapped to a
pd-length(representations and nonetheless evinces intuitively acceptable mathematical behavior. V]

the real value h
“bounded absol

the value space| the-Computational model is characterized as having “bounded relative error”, which is the model u

the Real (8.1.10

T

Hescribed*above is constant over the value space, the computational model is characterized as ha
teerror” and the result is a scaled datatype (8.1.9). When h has the form c~|v| , Where c is constan

) 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 dat

NOTE

atype whose values do not have this property is said to be non-numeric.

can be algorithmically transformed from one radix to another.

14

© ISO/IEC 2007 — All rights

Vhen

ing
t over

sed for

The significance of the numeric property is that the representations of the values depend on some radix, but

reserved


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

ISO/IEC 11404:2007(E)

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:

organized collections of accessible component values. For aggregate datatypes, this Internation
defineg a set of basic structural notions (see 6.8) which can be recursively applied to produce th
of a giyen generated datatype. The only abstract semantics assigned.to such a datatype by this
Standdrd are those which characterize the aggregate value structure itself.

NOTE The abstract notion of a datatype is the semantics of/thevalues of the datatype itself, as oppo
utilizatign to represent values of a particular information unit ora particular abstract object. The abstract ar

nponent

well-defined
cifications
ner datatypes

resent objects which are conceptually atomic, but are themselves ¢onceptually aggregates, being

al Standard
e value space
International

sed to its
d structural

notions|provided by this International Standard are sufficient {o,define its role in the universe of discourse petween two

languages, but not to define its role in the universe of discourse between two programs. For example, Arrg
supported as such by both Fortran and Pascal, so that'Array of Real has sufficient semantics for procedur:
the twollanguages. By comparison, both linear operators and lists of Cartesian points may be represented
Real, and Array of Real is insufficient to distinguish;those meanings in the programs.

6.5 [Datatype generator

A datafype generator is a conceptual’ operation on one or more datatypes which yields a datatyy
genergtor operates on datatypes+0 generate a datatype, rather than on values to generate a va
Specifically, a datatype generator is the combination of:

a dollection of criteriafor the number and characteristics of the datatypes to be operated up

— ad

value space.from the value spaces of those datatypes, and

— ad

y datatypes are
e calls between
by Array of

e. A datatype
ue.

bNn,

onstruction¢grocedure which, given a collection of datatypes meeting those criteria, creates a new

te the

ollection of characterizing operations which attach to the resulting value space to comple

af o na atatvna

de

HI=NE PN AL
OO v CtatatypPe-

The application of a datatype generator to a specific collection of datatypes meeting the criteria for the

datatype generator forms a generated datatype. The generated datatype is sometimes called th

e 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 iden
possibly for substitution of symbols.

© ISO/IEC 2007 — All rights reserved
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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 charactesizing-operation-(Add datatype,

while the last is @ different datatype.

NOTE 2  The|characterizing operations for an aggregate datatype are compositions of characterizing operations|for its
datatype genergtor with characterizing operations for its component datatypes. Such operations are, of course, onl
sufficient to identify the datatype as a structure.

NOTE 3  The|characterizing operations on a datatype may be:

— niladic operptions which yield values of the given datatype,

— monadic opgrations which map a value of the given datatype into a value of the given datatype or into a value pf
datatype Bgolean,

— dyadic opergtions which map a pair of values of the given datatype into,dalue of the given datatype or into a yalue of
datatype Bgolean,

— n-adic operations 3) which map ordered n-tuples of values, each of'which is of a specified datatype, which may be the
given datatype 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 Internatipnal

Standard specifies one collection of characterizing operations for each datatype (or datatype generator) which is syfficient
to distinguish th¢ (resulting) datatype from all other datatypes with value spaces of the same cardinality. While some effort
has been made fo minimize the collection of characterizing operations for each datatype, no assertion is made that|any of
the specified collections is minimal.

NOTE 5  Equal is always a characterizing©peration on datatypes with the equality property.

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

6.7 Datatype families

If there is a 1-tp-1 symbol substitution which maps the entire value space of one datatype (the domain) jnto a
subset of the Vfalue space of another datatype (the range) in such a way that the value relationships ang
characterizing [opefations of the domain datatype are preserved in the corresponding value relationship and
characterizing [opérations of the range datatype, and if there are no additional characterizing operations|on the
range datatype, tThen the two datatypes are said to belong 1o the same family of datatypes. An individua
member of a family 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

404:2007(E)

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

compo

nent 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 component values of an

aggred
Aggreg

relatior
value.

The pr

fundanpental properties of arrays, for example, do not depend on the nature ofthe elements.) In

combin
althoug
some ¢

6.8.1

An agg

differemt components may belong to different datatypés,.the aggregate datatype is said to be heg

The co

NOTE 1

aggregates divide their elements into different roles!

NOTE 2
elemen

ty]
ty]

Formall
heterog

clearly heterogeneous:because it is capable of introducing variation in element type. But sequence (see 8.

homoge

6.8.2

ate value are accessible through characterizing operations.
ate datatypes of various kinds are distinguished one from another by properties whiech ch
ships among the component datatypes and relationships between each component and
his subclause defines those properties.

bperties specific to an aggregate are independent of the properties of the component dat

h most are only meaningful for homogeneous aggregates (see 6.8.1) and there are impl
irect access methods (see 6.8.6).

Homogeneity
regate datatype is homogeneous, if and only if all:components must belong to a single d

mponent datatype of a homogeneous aggregate is also called the element datatype.

Homogeneous aggregates view all their'elements as serving the same role or purpose. Heterd

The aggregate datatype is homogeneous if its components all belong to the same datatype, e
datatype is itself an heterogeneous aggregate datatype. Consider the datatype label_list defined |

be label choice (state(name, handle)) of
pe label list sequence of (label);

((name) : characterstring, (handle): in

y, a label_list valueis a homogeneous series of label values. One could argue that it is really a
eneous values, because every label value is of a choice datatype (see 8.3.1). The choice datatypsd

neous because it itself introduces no variation in element type.

Sizé

aracterize
the aggregate

htypes. (The
principle, any

ation of the properties specified in this subclause defines a particularform of aggregate datatype,

cations of

htatype. If
terogeneous.

geneous

en if the
y:

teger) ;
beries of

generator is
1.4)is

The si

ze Ol dll agdregale-vdiue IS the nurmper or cormponent vaiues It Contains. 1mne siZe or the

ggregate

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.

6.8.3

Variability is the more general case; fixed-size is a constraint.

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-space of the element datatype itself being (internally) ordered (see 6.3.2). It is also distinct from the

value-space of the aggregate datatype being ordered.

EXAMPLE

sequence of (
characterstriy
"computation"
ordered: is 'a’
ordered by som

6.8.6 Accesy

The access m¢
be extracted fr

An aggregate
between value
value. Such a
value which cd
datatype is the

An aggregate
is ordered, ang
in the value sp|
the 1-to-1 map
each dimensio

The type-generator sequence has the ordering property. The datatype characterstring is define
tharacter (repertoire) ). The ordering property of sequence means that in every value oftype
hg, there is a first character value. For example, the first element value of the characterstring value
s 'c'. This is different from the question of whether the element datatype charactex (repertoire
K 'c'? Itis also different from the question of whether the value space of datatype\characterstring
b collating-sequence, e.g. is "computation" < "Computer"?

5 method

bthod for an aggregate datatype is the property which determines how component values
bm a given aggregate-value.

Hatatype has a direct access method, if and only if there is an aggregate-imposed mappir
5 of one or more “index” (or “key”) datatypes and.the.component values of each aggrega
mapping is required to be single-valued, i.e. theré)is at most one element of each aggreg

number of index or key datatypes the aggregate has.

an element of the aggregate value“is actually present and defined for every (composite)
Ace of the index datatype(s). Every indexed aggregate datatype has a fixed size, becaus
ping from the index value space: In addition, an indexed datatype has a “partial ordering’
h imposed by the order relationship on the index datatype for that dimension; in particula

d as

is

can

9
e

ate

rresponds to each (composite) value of the index datatype(s). The dimension of an aggregate

jatatype is said to be indexed, if and-gnly if it has a direct access method, every index datatype

value
b of

in
[, an

aggregate datatype with a single ordered-index datatype implicitly has the ordering imposed by sequential

indexing.

An aggregate
datatypes or th
need not be or
the key values

An aggregate

Hatatype is said to be keyed, if and only if it has a direct access method, but either the ing
€ mapping do hot meet the requirements for indexed. That is, the index (or key) datatyp

Hatatype is said to have only indirect access methods if there is no aggregate-imposed in

ex
esS

dered, and.a-value of the aggregate datatype need not have elements corresponding to all of

dex

mapping. Indir

betraccess mav bhe by nosition (if the agareaate datatvpe has ordering) by value of the e
J P \ I ~J J T et ] 7 J

ment

(if the aggregate datatype has uniqueness), or by some implementation-dependent selection mechanism,
modeled as random selection.

NOTE 1

types by their intrinsic properties and to see these access properties be derivable characterizing operations.

NOTE 2

The access methods become characterizing operations on the aggregate types. It is preferable to define the

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 i

18

s 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
datatype generator defined in 10.2.2.

6.8.8 [Structured and unstructured
Aggregate datatypes are:
— conceptually structured, having both the component datatypes and the access method spedified, or

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

— conceptually unstructured, having neither the component datatype nor the access method specified.

6.8.9 |Mandatory and optional components

The components of an aggregate datatype may not all be fequired to have a valid value of the datatype, i.e.,
the actpal value space of the datatype may include values for which some of the component values are
unspedified.

When & 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 & component of the datatype is notirequired to have a valid value in order for the aggreggte value to be
a valid|value of the datatype, the component is said to be an optional component.

NOTE 1 This property applies to(fields of records, members of classes, and elements of sequences, tables, and arrays.

NOTE 2 See examples in 6:9.

6.9 Provisions associated with datatypes

A provision is tie fundamental unit of normative wording 4) in a normative document, such as a standard or
specifi¢ation.sAprovision is an “expression of normative wording that takes the form of a statemgnt, an
instruction, a-fecommendation or a requirement”. Auxiliary verbs such as “shall’ (mandatory requirement),
“shoulq” (recommendation), 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.

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

// shorthpand for "optional data element" provision
normative| ODE = provision(obligation=permit, target=type, scope=identifier, subsét=defined)|,

// shorthpand for "extended data element" provision
normative| XDE = provision(obligation=permit, target=type, scope=identifier, subset=undefingd),

normative| address_label standard =
record XDE
(
nam¢ MDE: characterstring,
address MDE: characterstring,
city MDE: characterstring,
state_province MDE: characterstring,
postal code MDE: characterstring,
coumntry code ODE: characterstring,

) 4

It is not possible]to instantiate a normative datatype directly, but it is possible to instantiate an implementation (of the
normative datatype) that conforms to the normative datatype. Thefollowing are examples of datatypes (implementations)
that conform to fhe normative datatype address_label standard. It is possible to instantiate the following datatypes.

// addresg label 1 conforms because it has.all the mandatory data elements
type address_label 1 =
record
(
nam¢: characterstring, // mandatory data element
address: characterstring, \// mandatory data element
city: characterstring, _// mandatory data element
state province: characterstring, // mandatory data element
postal_code: charactérstring, // mandatory data element

) 4

// addresp label 2 conforms because it has all the mandatory data elements,
// and th¢ optional\data element (present in address label 2) conforms to
// the refluirements)in the normative datatype

type addrgss_label 2 =

record

(

or

D

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,

//| address_label 5 does not conform because its optional data element
//| conflicts with the definition of the normative datatype

type address_label 5 =

refpord

name: characterstring,

address: characterstring,

city: characterstring,
state_province: characterstring,
postal_code: characterstring,
country code: integer,

7 Elements of the Datatype Specification Language

This Infernational Standard defines a datatype specification language, in order to formalize the i
and degclaration of datatypes conforming to this International Standard. The language is a subsg
Interfa¢e Definition Notation defined in ISO/IEC 13886:1996, Information technology — Langua
Independent Procedure Calling (LIPC).%) This clause defines the basic syntactic objects used in
languape.

7.1 IDN character-set

dentification
t of the

je-

that

mgn

The following productions defing the character-set of the datatype specification language.
letter = "a ”n I "b" I "c" I "d" I "e ” I
"f" | "g" | "h ”n | "i ” | "o I
"k ”n I "1 ”n I "m ” I "n " I "o ” I
"P ” | "q" | "r ”n | "s ”n | "t ” I
"u ”n I "V" I "W" I "x " I "Y" I
"z ” | "A ” | "B ”n | "C ”n | "D ” I
"E ”n I "F" I "G" I "H " I "1' ” I
"J" | "K" | "L ”n | "M" | "N" I
"O ”n I "P ”n I "Q ” I "R " I "S ” I
"T" | "U" | "V" | "W" | "X" I
"V" | "7"
digit = "0" | "1 ” | "2" | "3" | "4" I
"5 ”n I "6" I "7" I "8 " I "9 " ’.
special = "(" | (* left parenthesis *)
L | (* right parenthesis *)
LA | (* full stop *)
L | (* 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.

© ISO/IEC 2007 — All rights reserved
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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 |

underscore |

apostrophe

sz ce hd
bound-chakacter = non-quote-character

quote

added-chakacter ? not defined by this International Standard ? ;

These productfons are nominal. Lexical productions are always subject to minor changes fromimplementation
to implementation, in order to handle the vagaries of available character-sets. The following,rules, howgver,
always apply:

1. The bound-characters, and the escape character, are required in any implemgntation to be associajed
with particular members of the implementation character set.

2. The charagter space is required to be bound to the “space” member of. ISO/IEC 10646, but it only has
meaning Within character-literals and string-literals.

3. A bound-character is required to be associated with the memberhaving the corresponding symbol, |if any,
in any implementation character-set derived from ISO/IEC 10646.

4. An added-pharacter is any other member of the implementation character-set which is bound to the
member having the corresponding symbol in an ISOAEC 10646 character-set. An added-character may
be referenged by name, by 8-digit short UCS identifier, or by 4-digit short UCS identifier, as specified by
ISO/IEC 10646. For example, " 'QUOTATION MARK!", "1U00000022!", and "'U+0022!" are all equiyalent:
a string litgral that contains the one character, a quotation mark.

7.2 Whitespace

A sequence oflone or more space characters, horizontal tabs, end of line characters, or newline characiers
except within g character-literal or-string-literal (see 7.3), shall be considered whitespace. Any use of this
International Sfandard may defing-any other characters or sequences of characters not in the above character
set to be whitegpace as well\such as vertical tabulators, end of page indicators, etc.

A comment is gither of:

— Any sequédncé, of'characters beginning with the sequence /* (solidus, asterisk) and terminating with the
first occurrence thereafter of the sequence */ (asterisk solidus)

— Any sequence of characters beginning with the sequence // (solidus, solidus) and terminating with the
occurrence thereafter of end-of-line character sequence.

Every character 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.
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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 of a

A datat 1 £ Aotod
generatcu gatatype;ora-varte-orsome-aaatype:

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

identifier
infitial-letter-like

lejtter-like = letter |
ISO/IEC-10176-extended-letter ;
pspudo-letter-like = letter-like |
digit-like |
underscore ;
digit-like = digit |
ISO/IEC-10176-extended-digit ;
sppcial-like = underscore |

ISO/IEC-10176-extended-special

NOTE ISO/IEC 10176 describes the notion of classes of letter-like characters (outside of ISO/IEC 646 letters A
through| Z), digit-like characters (outside of ISO/IEC 646 digits O through 9), and special characters that are all used in
identifidrs.

Multiple identifiers with the same spelling are permittéd;.as long as the object to which the identifier refers can
be detg¢rmined by the following rules:

1. An|identifier X declared by a type-declaration or value-declaration shall not be declargd in any
otHer declaration.

2. Thg identifier X in a component of, say, a type-specifier (Y) refers to that component of Y which Y
deglares X to identify, if any, or.whatever X refers to in the type-specifier which immediafely contains Y,
if gny, or else the datatype ar value which X is declared to identify by a declaration.

7.3.2 |Digit-string

A digilt-string is.a‘terminal-symbol consisting entirely of digits. It is used to designate a valug of some
datatype, with the(interpretation 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 Keywords

ot
f them

shall be interpfeted as an identifier. All other keywords appearing in this International Standard,shall be
interpreted as predefined identifiers for the datatype or type-generator to which this Internatienal Standard
defines them tp refer.

reserved-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"” |
"termination" |
"to" I

"type ™ |
"Value " ;

NOTE All df the above keywords are reserved because they introduce (or are part of) syntax which cannot validly
follow an identjfier for a datatype/or type-generator. Most datatype identifiers defined in Clause 8 are syntactically
equivalent to a fype-reference\(see 8.5), except for their appearance in Clause 8.

7.4 Annotations

An annotation,| or‘extension, is a syntactic object defined by a standard or information processing entity[which
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> ... } paths, using
the appropriate national or international registration authority

7.5 Values

The id¢ntification of members of a datatype family, subtypes of a datatype, and the resulting dafatypes 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 can be
defined using the features provided by Clause 10, except for datatypes for which designation of|specific
values|is not appropriate.

A valde-expression designates a value of a datatype.

Syntax

vallue-expression = independent-value
dependent-value |
formal-parametric-yvalue

An independent-value is a syntactic construction.which resolves to a fixed value of some geng¢ral-purpose
datatype. A dependent-value is a syntactic construction which refers to the value possessed by another
compopent of the same datatype. A formal-parametric-value refers to the value of a formal-type-
parameter in a type-declaration, as provided-in 9.1.

7.5.1 |Independent values

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

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

state-literal |
enumerated-literal |
character-literal |
ordinal-literal |
£ime—titeral—
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 |
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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

3/4 and 6/8, or set of (integer) values (1,3,4) and (4,3,1).

Two syntactically different explicit-values may designate the same value, such as rational-literals

NOTE2 The
integer value,

be determined ffom context when the value-expression is encountered.

NOTE3 The
general. The ab

7.5.2 Depen
When a param
8.4.1), itis pog
to the procedu

Syntax:

dependent

primary-dependency

component

A type-speci
component of
dependent-

The primary-
which (also) cq
as the primary

r an ordinal value. In general, the syntax requires that the intended datatype of a value-expressi

IDN productions for value-reference and procedure-reference appearing in Annex D are more
bve productions are sufficient for the purposes of this International Standard.

Hent values

eterized datatype appears within a procedure parameter (see'8.8.3) or a record datatype
sible to specify that the parametric value is always identicalio the value of another paran

noNgr

}

Fvalue

primary-dependency, {
field-identifier |

parameter-name
field-identifier
"ok rr

component-reference

-reference

Fier x is said to involve a dependent-value if x contains the dependent-value and no
k contains the dependent-vailue."Thus, exactly one type-specifier involves a given

Hependency shall bethe identifier of a (different) component of a procedure or record dat
ntains the data-depéndent type. The component so identified will be referred to in the fol
component; the generated datatype of which it is a component will be referred to as the |

datatype. That
dependency I'g

type.

is, the subject datatype shall have an immediate component to which the primary-
fers, and a)different immediate component which, at some level, contains the data-deper

When the subj

VTue. A type-specifier Which involves a dependent-value is said to be a data-dependent
type. Every dafa-dependent type shall be the datatype of a component of some generated datatype.

same explicit-value syntax may designate values of two different datatypes, as 19940101 can tl)e an

n can

(see
neter

e or another component within the record. Such a valug,isreferred to as a dependent-vialue.

D

atype
owing
subject

dent

bct. datatype is a procedure datatype, the primary-dependency shall be a parameter-n4g

yme

and shall identify a parameter of the subject datatype. If the direction of the parameter (component) which
contains the data-dependent type is in or inout, then the direction of the parameter designated by the
primary-dependency shall also be in or inout. If the parameter which contains the data-dependent type is the
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

26
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© ISO/IEC 2007 — All rights

reserved


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

ISO/IEC 11404:2007(E)

1. 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.

2. 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.

3. 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.

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

NOTE 1 The datatype which involves a dependent-value must be a component of some genherated datatype, but that

generated datatype may itself be a component of another generated datatype, and so on. The subject datatype may be
several(levels up this hierarchy.

NOTE 2 The primary component, and thus the subject datatype, cannot be ambiguous, even when the [primary-
dependgncy identifier appears more than once in such a hierarchy, according-te.the scope rules specified |n 7.3.1.

NOTE 3 In the same wise, an identifier which may be either a value~identifier Or a dependent-valge can be
resolved by application of the same scope rules. If the identifier X is found to have a “declaration” anywherg within the
outermg@st type-specifier which contains the reference to X, thef that declaration is used. If no such deglaration is
found, then a declaration of X in a “global” context, e.g. as a value-identifier, applies.

7.6 GPD program text
A program-text designates a collection of GPD: statements.

Syntax

{ program-statement, "," };
type-specifier |

declaration |
normative-datatype-declaration

prpgram-text
prpgram-statement

8 Datatypes
This clause definegs.the collection of general-purpose datatypes. A general-purpose datatype is pither:

— a datatype defined in this clause, or

— a dafatype defined by a datatype declaration, as defined in 9.1

Since this collection is unbounded, there are four formal methods used in the definition of the datatypes:

— 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 provided by clause 9.1.3.

This clause al
generated datatypes. Notations for values of datatypes are required in the syntactic designations forsubtypes
and for some grimitive datatypes.
NOTE 1 For fonvenience, or correctness, some datatypes and characterizing operations are defined\in terms of other
general-purposd datatypes. The use of a general-purpose datatype defined in this clause always refers to the datafype so
defined.
NOTE 2  The|names used in this International Standard to identify the datatypes are derived in many cases fron
common prograinming language usage, but nevertheless do not necessarily correspond-to, the names of equivalen
datatypes in actpial languages. The same applies to the names and symbols for the operations associated with the
datatypes, and tp the syntax for values of the datatypes.
8.1 Primitiye datatypes
A datatype whpse value space is defined either axiomatically orby enumeration is said to be a primitive
datatype. All pfimitive general-purpose datatypes shall be defitied by this International Standard.
Syntax:
primitiveltype = 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 primitive |datatype; or datatype family, is defined by a separate subclause. The title of each such
subclause givgs the informal name for the datatype, and the datatype is defined by a single occurrence|of the
following template:

Descripti DN prose dner‘rilr_\finn of the Pnnr\nphml ds\i‘s\i‘\/pn

Syntax: 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
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finition of an operation herein has one of the forms:

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

or

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

In 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:

pa

rameter-name : parameter-datatype

or

parameter-name1 , parameter-name2 : parameter-datatype

The op
formal

eration-name is an identifier unique only within the datatype being defined. The parame

ter-names are

dentifiers appearing in the formal-definition Or prose-definition. Each is understqod to
represent an arbitrary value of the datatype designated by parameter-datatype, and all occurrences of the

formal
the da

dentifier represent the same value in any application of the operation. The result-data

{type indicates

type of the value resulting from an application of the operation.\A’ formal-definition defines the
operatipn in terms of other operations and constants. A prose-definition defines the operatign in
somewhat formalized natural language. When there are constraints'on the parameter values, th
exprespged by a phrase beginning “where” immediately beforettie = or is.

In somg operation definitions, characterizing operations-of a previously defined datatype are ref
the forfn: datatype.operation (parameters), where.datatype is the type-specifier for the r

datatyq

8.1.1
Descri

Syntax

bo
Param
Values
Value-

bo|

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

Boolean

btion: boolean is the mathematical\datatype associated with two-valued logic.

pblean-type = "boolean"
ptric Values: nope.

true, falkse;'such that true = false.
Byntax:
plean-literal = "true" |

ey are

prenced with
ferenced

-] i
Tarse 7

Properties: unordered, exact, non-numeric.

Operat

ions: Equal, Not, And, Or.

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
true false true
true true true

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

NOTE Either And or Or is sufficient to characterize the boolean datatype, and given one, the other'can be defined in
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 afumber of distinguished bu
unordered values.

Syntax:

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

value-space-source ;

state-literal, { ", '»<'state-literal } ;

state-typg
state-valpe

state-valpe-list

state-litpral identifier ;
value-spafe-source = "import", list-source-reference ;
list-sourfe-reference = identifier |
'mr, URI-text, -\
URI-text = '"', URI defined by IETF RFC2396, '"'

Parametric Values: Each state-1literal identifier shall be distinct from all other state-literal
identifiprs of the same state-tgpe.

Values: When [the state-value-list form of state-values is used, the value space of a state datatype is the set
comprising exactly the named.values in the state-value-1ist, each of which is designated by a gnique
state-liferal. When the-value-space-source form is used, the value set shall be exactly the sét of
code valugs specified-jn:the document identified by the list-source value. When the list-source is a JRI-
value, it shall denote\a valid value of the URI datatype. When the list-source is an objectidentifier-
value, it shall denote’a valid value of the objectidentifier datatype, as defined in 10.1.10. In either
case, the listssource value shall identify a document that explicitly defines a set of code values and|their
denotations.

Value-syntax:

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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Other uses of the IDN syntax make stronger requirements on the uniqueness of state-literal identifiers.

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

Description: enumerated is a family of datatypes, each of which comprises a finite number of distinguished

vajues having an intrinsic order.

enumerated-value,

") "

enumerated-literal } ;

Synta
enpmerated-type = '"enumerated", ",
enumerated-value = enumerated-value-list |
URI-to-value-space ;
enumerated-value-list = enumerated-literal, { ",",
enumerated-literal = lidentifier ;
UR[[-to-value-space = (* URI defined by RFC 2396 *) ;
Paramgtric Values: Each enumerated-literal identifier shall be distinct from all other enumerated

idgntifiers of the same enumerated-type.

Values

enumerated-value-list, each of which is designated by a unique enumerated-literal.

thg
re

The value space of an enumerated datatype is the set comprising exactly the named v3

bse values is given by the sequence of their gecurrence in the enumerated-value-1list,
erred to as the naming sequence of the enumerated datatype.

Hliteral

lues in the
The order of
which shall be

Value-$yntax:
enpmerated-literal = Jidentifier ;

Arn

identifier.
Properlies: ordered, exact, non-numeric, bounded.

Operatjons: Equal, InOrder, Successor

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

Equal(x, y: enumerated(enumerated-value-list)): boolean is true if x and y designate the sam¢ value in the

enumerated-value-list, and false otherwise.

|n ae eny a¥aa a
in the naming sequence, else false.

x precedes y

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
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: cjaracter is a family of datatypes whose value spaces are character-sets.

Syntax:

character|-type = "character",

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

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

repertoirp-list

Parametric Values: The value-expression for a repertoire-identifier shall/designate a value of the
objectidentifier datatype (see 10.1.10), and that value shall refer tona-Character-set. A repertgire-
identifipr shall not be a formal-parametric-value, exceptin some cases in declarations (see(9.1).
All repertoire-identifiersin a given repertoire-1list shalldesignate subsets of the same
reference [character-set. When repertoire-1ist is not specified; it shall have a default value. The
means for| specification of the default is outside the scope af.this International Standard.

Values: The value space of a character datatype comprisesiexactly the members of the character-sets
identified by the repertoire-1ist. In cases where the character-sets identified by the individual
repertoife-identifiers have members in common, the value space of the character datatype i$ the
(set) union of the character-sets (without duplication).

Value-syntax:

characterfliteral
any-charafter

"s", (any-character, mom
bound-character |

added-character |

escape-character ;
non-quote-character |

quote ;

non-quotelcharacter = letter |

digit |

special |

underscore |

apostrophe |

space ;

added-chafactér = ? not defined by this International Standard ? ;
escape-ch = " =, 7 7
character-name = lidentifier, { " ", identifier } ;

bound-chakacter

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

NOTE 2

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.

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.

order fog
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8.1.5

Descri
(d

which are particular to the application itself or its language environment. There will also be applica
Pr is unimportant. Since no standard order of character-sets can be defined by this International St
br datatypes are said to be “unordered”, meaning, in this case, that the order relationshipis-an app
to the semantics of the datatype.

The terms character-set, member, symbol and character-name are those of ISO/IEC 10646, b
pgous notions in any character set referenceable by a repertoire-identifier.

The value space of a Character datatype is the character set, not the)character codes, as thos
by ISO/IEC 10646. The encoding of a character set is a representatierhissue and therefore out of {
onal Standard. Many uses of this International Standard , however, may require the association to
Epertoire-identifier.

An occurrence of three consecutive APOSTROPHE €haracters (' ' ') is a valid character-1it
DSTROPHE character.

LE character ({ iso standard 8859 part’al }) denotes a character datatype whose valu

's of the character-set specified by ISO/IEC 8859-1 (Latin alphabet No. 1). It is possible to give thig
ent name, by means of a type-declaration(see 9.1), e.g.:

pbe Latinl = character({ iso standard 8859 part 1 });

bans of a value-declaration (seg 9:2):

lue latin : objectidentifier = { iso(l) standard(0) 8859 part(l) };

e COLON mark (:) is a.member of the ISO/IEC 8859-1 character set and therefore a value of data
ently, of datatype character(latin). Thus, ': ' and ' !colon! ', among others, are valid character-1
j that value.

Ordinal

ption{ ordinal is the datatype of the ordinal numbers, as distinct from the quantifying nun

btatype integer). ordinal is the infinite enumerated datatype.

o standard

ship to conform
ions in which
ndard,
ication-defined

ut there should

e terms are
he scope of this
codes implied

eral denoting

Ees are the
datatype a

ype Latin1, or

iteralS

hbers

Syntax

ordinal-type

"ordinal"

Parametric Values: none.

Values: the mathematical ordinal numbers: “first”, “second”, “third”, etc., (a denumerably infinite list).

Value-syntax:

ordinal-literal
number

number ;
digit-string

’
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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

8.1.6 Date-apd-Time

Description: time is a family of datatypes whose values are points in time to various common resolutiors:

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

time-unit = '"year" |

"month" |

"day" I

"hour" |

"minute" |

"second" |

formal-parametric-value -, ;
radix = value-expression ;
factor = value-expression

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 false.

Successo](x: ordinal): ordinal is the value y: ordinal, that x <y and forall z=x, x <z implies <.

[7])

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

Parametric Values: time-unit shall be a value of the“datatype state (year, month, day, hour, minute,

second), flesignating the unit to which the paint in time is resolved. If radix and factor are omitted, the
resolution|is to one of the specified time-unit. If present, radix shall have an integer value greater than
1, and fadtor shall have an integer value. When radix and factor are present, the resolution is tp one
radix "f29*® of the specified timefunit. time-unit, and radix and factor if present, shall not be
formal-phrametric-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 poinfs in

Value-syntax:

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

time-litefal = string-literal ;

A ime-value—The characters inevaluerenrese stding-

A time-1% de
literal shall conform to ISO 8601. The time-1literal denotes the date-and-time value specified by the
characterstring as interpreted under ISO 8601.

Properties: ordered, exact, non-numeric, unbounded.

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

34

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.
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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 the time x,

then Negate(z).

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, radix1,
factor?), is that value of time(unit2, radix2, factor2) which designates the first instant of time occurring within

the span of time(unit2, radix2, factor2) identified by the instant x.
Round. : ti i ; 2 ti ' ) lution (res2)
specified by (unit2, radix2, factor2 (res?) specified by (unit1, radix1,

fagtor?), is the largest value y of time(unit2, radix2, factor2) such that InOrder(Extend.res2tores{i(y), x).

NOTE
Dayo

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

EXAMHLE time (second, 10, 0) designates a date-and-time datatype whose yalues are points in tfme with

accuragy to the second.

"19910401T120000" specifies the value of that datatype which is exactly noon‘on April 1, 1991, universal ime.

8.1.7

Description: integer is the mathematical datatype comprising/’the exact integral values.

Syntax

injteger-type = '"integer"

Parametric Values: none.

Values
by

Value-syntax:

infteger-literal
signed-number

n

Arn

Integer

Mathematically, the infinite ring ‘preduced from the additive identity (0) and the multiplicative identity (7)
requiring 0<1 and Add(x,))2y forany y<x.Thatis: ..., -2,-1,0, 1, 2, ... (a denumeraply infinite list).

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

er

integer-literal denotes an integer value. If the negative-sign ("-") is not present, the valug denoted is

that of the digit-string interpreted as a decimal number. If the negative-sign is present, the alue denoted
is the negative of that value.

Prope

IesS. ordered, exact, numeric, unbounded.

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

Eq

ual(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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8.1.8 Rationpl

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

Syntax:

Parametric Values: none.
Values: Mathematically, the infinite field produced by closing the Integer ring under multiplicative-invers

Value-syntax:

Properties: ordered, exact, numeric, unbounded.

Operations: Equaly NonNegative, InOrder, Promote, Add, Negate, Multiply, Reciprocal.

36

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=A4dd(, Add(l,... Add(1, Add(1,0))...)) ;
else false.
InOrder(x, y: integer): boolean = NonNegative(Add(x, Negate(y))).

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

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

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

rational-fype = '"rational"

DU

rational-fliteral = signed-number, (~"/", number ] ;

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

Promote(sfgned-number),
and the rational value denotéd)by the form signed-number/number is:

Multiply(Promote(signed-number), Reciprocal(Promote(number))).

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

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

Description: Scaled is a family of datatypes whose value spaces are subsets of the rational value space, each
R . - . ess the concept of

schled-type = "scaled", "(", radix, ",", factor, ")" ;
radix = value-expression ;
fafptor = value-expression

Paramgtric Values: radix shall have an integer value greater than 1, and.factor shall have an integer value.
radix and factor shall not be formal-parametric-values exceptin'some occurrences i declarations
(s¢e 9.1).

Values| 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.

Value-$yntax:

integer-literal, [ "*", scale-factor ] ;
number, "*",% 'signed-number

schled-literal
scple-factor

A kcaled-1literal denotes a value of.aisCaled datatype. The integer-literal is interprgted as a
decimal integer value, and the scale=factor, if present, is interpreted as number raised to the power
silgned-number, Where number and-signed-number are expressed as decimal integers. NUmber should
bd the same as the radix of the'datatype. If the scale-factor is not present, the value is that denoted
byl integer-literal. If thesseale-factoris present, the value denoted is the rational valye
Myltiply(integer-literal, scale-factor).

Properties: ordered, exact, humeric, unbounded.
Operatfjons: Equal, InOrder, Negate, Add, Round, Multiply, Divide

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

InOTder(x, y: scaled (7,7)): boolean = rational.InOrder(x,y)
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
while the value 1

NOTE 1

The value 39.50 (or 39,50), i.e. thirty-nine and fifty one-hundredths, is represented by: 3950x10
0.00 (or 10,00) may be represented by: 10 .

2

The case factor =0, i.e. scaled(r, 0) for any r, has the same value-space as Integer, and is isomorphic to

Integer under all operations except Divide, which is not defined on Integer in this International Standard, but could be

defined consiste
used explicitly.

NOTE 2
is not a value of

Any

the Rational vallie space, n-r") <v<(n+1)-r .

NOTE3 The
can be combine
produced. At thi

arithmetic, for operands with a common scale factor, should not be considered a specification for arithmetic on the

datatype.

NOTE4  The

reason Scaled may appear to be a “subtype” of both Rational and Real (see 8.2). But scaled datatypes do not “inhe

Rational or Real
or Rational. The
Rational, Real a
results are intuit

NOTES The

NOTEG6 Eve
computational m
datatypes which

NOTE 7 Sca

belong. It was n
particularly sincq

8.1.10 Real

Description: rd
datatype ¢

nt with the Divide operation for scaled (r, 0). Itis recommended that the datatype scaled(r, ,0)

reasonable rounding algorithm is equally acceptable. What is required is that any rational°'value v
the scaled datatype is mapped into one of the two scaled values »-»© and (n +1) | such th

proper definition of scaled arithmetic is complicated by the fact that scaled datatypes with the sam
J arbitrarily in an arithmetic expression and the arithmetic is effectively Ratienal until a final result nf
5 point, rounding to the proper scale for the result operand occurs. Consequently, the given definiti

values in any scaled value space are taken from the valuepace of the Rational datatype, and for

Multiply and Reciprocal operations. Therefore scaled datatypes are not proper subtypes of datatyq
concept of Round, and special Multiply and Divide operations, characterize the scaled datatypes.
hd Complex, however, Scaled is not a mathematical group under this definition of Multiply, althoug
vely acceptable.

value space of a scaled datatype containsdhe multiplicative identity (1) if and only if factor >0.

y scaled datatype is exact, because every value in its value space can be distinguished in the
odel. (The value space can be mapped 1-to-1 onto the integers.) It is only the operations on scale
are approximate.

ed-literals are interpreted.as decimal values regardless of the radix of the scaled datatype to which
bt found necessary forthis International Standard to provide for representation of values in other ra
 representation of valdes in radices greater than 10 introduces additional syntactic complexity.

al is~a-family of datatypes which are computational approximations to the mathematical
omprising the “real numbers”. Specifically, each real datatype designates a collection o

not be

\which
at in

b radix
hust be
n of

scaled

that
rit” the
e Real
Unlike
h the

they
dices,

mathemat

calreal values which are exnressed to some finite nrecision and must he distinauishabl
g g g

to at

least that precision.

Syntax:

real-type
radix
factor

"real", [ "(",
value-expression
value-expression

factor, ")" ]

radix,

mon .
7o ’

’

7

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

38

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:

—0isin V;

—for each r in R such that |r| > ¢, there exists at least one ' in ¥ such that |r—r'| < r|og;
—for each r in R such that |r|<g , there exists at least one ' in ¥ such that |r—r'|£8 .

Value-syntax:

repl-literal
scple-factor

integer-literal, [ "*", scale-factor| |
number, "*", signed-number ;

A real-literal denotes a value of a real datatype. The integer-literal is interpreted gs a decimal
integer value, and the scale-factor, if present, is interpreted as-number raised to the powler signed-
nuymber, where number and signed-number are expressed asydecimal integers. If the scall-factor is
ngt present, the value is that denoted by integer-litezrad. If the scale-factor is present, the value

dgnoted is the rational value Multiply(integer-literal, scalerfactor).

Properties: ordered, approximate, numeric, unbounded:
Operatjons: Equal, InOrder, Promote, Negate, Add, Multiply, Reciprocal.

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

Edual(x, y: real(radix, factor)):\boolean is true if x and y designate the same value, and falsq otherwise.

InDrder(x, y: real(radiX, factor)): boolean is true if x <y, where < designates the order relatiopnship on R,
and false otherwise.

Prpmote(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
miathematical reals.

Multiply(x, y: real(radix, facton)): real(radix, factor) = M (x - y) , where « designates the multiplicative operation
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, 7) de

notes a real datatype with values which are accurate to 7 significant decimal figures.

real (2, 48) dg
1 * 10 ~ 9der
15 * 10 ~ -4d

3 x 2 ~ -1der

8.1.11 Compl

Description: cqmplex is a family of datatypes, each of which is a computational approximation to the

mathemat
designate
finite prec

Syntax:

complex-t
radix
factor

Parametric Va
greater th
in declara
means for

Values: The v3
polynomig
be a subs
factor, W
in the follg

EX

notes a real datatype whose values have at least 48 bits of precision.
otes the value 1 000 000 000, i.e. 10 raised to the ninth power.
enotes the value 0,0015, i.e. fifteen ten-thousandths.

otes the value 1.5, i.e. 3/2.

cal datatype comprising the “complex numbers”. Specifically, each complex datatype
5 a collection of mathematical complex values which arecknown to certain applications to
sion and must be distinguishable to at least that precision in those applications.

factor, mro]

radix,

"complex", [ ”n (", ", ", ;
value-expression

value-expression

ype

7

N 0. radix and factor shall.not'be formal-parametric-values exceptin some occurr
ions (see 9.1). When radix.and factor are not specified, they shall have default values
specification of these defaults is outside the scope of this International Standard.

lue space of the mathematical complex type is the field which is the solution space of all
| equations having-real coefficients. The value space of a computational complex datatyp
bt of the mathematical complex type, characterized by two parametric values, radix and
hich, taken-together, describe the precision to which values of the datatype are distinguig
wing serise:

some

ues: radix shall have an integer yalue greater than 1, and factor shall have an integer value

ences
The

e shall

hable,

Let C de
of v. Let
Then V' s

—0is

r[ote the mathematical complex value space and for v in C, let |v| denote the absolute VT
. _ - (- factor)

hall be a subset of C with the following properties:

inV;

—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:

complex-literal non nyn
real-part

imaginary-part

"(", real-part,
real-literal
real-literal

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
x> +1=0).

Properftes—approximmate; rameric; umordered:

Operatjons: Equal, Promote, Negate, Add, Multiply, Reciprocal, SquareRoot.
bs each v

Inthe following operation definitions, let M designate an approximation functiofi'which ma

in|C. into a corresponding V' in V' with the properties given above and the further requirenient that for
eagch vinV, M(v)=v.

Edual(x, y: complex(radix, factor)): boolean is true if x and y designate‘the same value, and ffalse
otherwise.

Prpmote(x: real(radix, factor)): complex(radix, factor) = M (x) ,,considering x as a mathematicgl real value.
Add(x, y: complex(radix, factor)): complex(radix, factor) ={M(x + y) , where + designates the afditive
operation on the mathematical complex numbers.

Myltiply(x, y: complex(radix, factor)): complex(radix, factor) = M (x - y), where « designates the multiplicative

operation on the mathematical complex numbers.

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

of|x.

Rdciprocal(x: complex(radix,(factor)): complex(radix, factor), where x =0, = M (x') where x' i§the complex
multiplicative inverse of .x".

SquareRoot(x: complex(radix, factor)): complex(radix, factor) = M(y), where y is one of the twyo

m

thg
b
an

thematical complex values such that y -y =x. Every complex number can be uniquely r

p form a + &AL, where i is the “principal square root” of —1, in which «a is designated the
is designated the imaginary part. The y value used is that in which the real part of y is
y, else that in which the real part of y is zero and the imaginary part is non-negative.

NOTE

bpresented in
real part and
positive, if

Deotailaed rnnl Hrements—fortha-annroximation-fi |nr\hr\n s ralahnnehnn to-thae-characterizing r\r\o
PP g

ations, and the

implementation of the characterlzmg operations in languages are to be prowded by Parts of ISO/IEC 10967 Information
technology — Language independent arithmetic.

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:

Vvo.

id-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-syntax:
void-literal = "nil"

“nil” is the syntactic representation of an occurrence of void as a value.
Properties: none.

Operations: Equal.

Equal(x, y] void) = true,

NOTE 1 The|void datatype is used as the implicit type of the result parameter of a procedure datatype.(8.3.3) which
returns no value, or as an alternative of a choice datatype (8.3.1) when that alternative has no content;

NOTE 2  The|void datatype is represented in some languages as a record datatype (see 8.4.1) which has no figlds. In
this International Standard, the void datatype is not a record datatype, because it has none of/the properties or operations
of a record datafype.

NOTE 3  Likelthe motivation for the void datatype itself, Equal is required in orderto\support the comparison of
aggregate values containing void and it must yield true.

NOTE 4  The|“empty set” is not a value of datatype void, but rather a valug_ of the appropriate set datatype (see|8.4.2).

8.2 Subtypes and extended types

A subtype is al|datatype derived from an existing datatype, désignated the base datatype, by restricting the
value space to]a subset of that of the base datatype whilst'maintaining all characterizing operations. Suptypes
are created by|a kind of datatype generator which is udusual in that its only function is to define the
relationship between the value spaces of the base datatype and the subtype.

Syntax:

subtype = rangefsubtype |
selecting-subtype |
excluding-subtype |
size-subtype |
explicit-subtype |
extended-type /

Each subtype generator is/defined by a separate subclause. The title of each such subclause gives the
informal name(for the subtype generator, and the subtype generator is defined by a single occurrence df the
following temp|ate:

Descriptipn: prose description of the subtype value space.

Syntax: the syntactic production for a subtype resulting from the subtype generator, including
identification of all parametric values which are necessary for the complete identification of a distinct
subtype.

Components: constraints on the base datatype and parametric values.

Values: formal definition of resulting value space.

Properties: all datatype properties are the same in the subtype as in the base datatype, except possibly

the presence and values of the bounds. This entry therefore defines only the effects of the subtype
generator on the bounds.
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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:
rapge-subtype = base, '"range", "(", select-range, ")" ;
se|lect-range = Jlowerbound, "..'", wupperbound ;
lowerbound = value-expression |
"ok
upperbound = value-expression |
"ok
bage = type-specifier ;

Compgnents: Base shall designate an ordered datatype. When lowerbound@nd upperbound alfe value-
expressions, they shall have values of the base datatype such that InOrder(lowerbound, upperbound).
When lowerboundis "*", it indicates that no lower bound is beingrspecified, and when upgerbound is
»#" it indicates that no upper bound is being specified. lowerbdund and upperbound shall|not be
fdrmal-parametric-valueS, except in some occurrences in‘declarations (see 9.1).

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

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

8.2.2 (Selecting

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

Syntax

base, "selecting”, "(", select-list, "
select-item, { ",", select-item }
value-expression |

select-range ;

lowerbound, "..", wupperbound ;

sellecting-subtype
sellect-list
sellect-item

sellect-range

lowerbound value-expression |
"o
upperbound = value-expression |
"o
;
bake = type-specifier

Components: base shall designate an exact datatype. When the select-items are value-expressions, they
shall have values of the base datatype, and each value shall be distinct from all others in the select-
list. A select-itemshall not be a select-range unless the base datatype is ordered. When
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

correspon

ding bounds.

8.2.3 Excluding

Description: excluding creates a subtype of any exact datatype by enumerating the values which are to be

excluded i

n constructing the subtype value-space.

Syntax:

excluding]
select-1i
select-it

select-ra
lowerboun

upperboun

base

Components: 1
the base ¢
have valu

-subtype = base, '"excluding"”, "(", select-list, ")"
34 = select-item, { "," select-item } ;
bm = value-expression |
select-range ;
hge lowerbound, "..", upperbound ;

value-expression
"ok

value-expression
"ok

type-specifier

’

base shall designate an exact datatype. A select-item shall.not be a select-range unl
atatype is ordered. When lowerbound and upperbound,ar€ value-expressions, they s
bs of the base datatype such that InOrder(lowerbound;.upperbound). When lowerbound iS

2SS
hall

u*u’ |t

indicates that no lower bound is being specified, and when upperbound is "*", it indicates that no yipper

bound is 4
parametr

Values: The v3
specified
designate
the base (
bound is S

Properties: Th

select-rhange appears in theselect-1ist and does not specify the corresponding bound.

8.2.4 Size

Description: si

the numbgr of elements any value of the base datatype may contain.

eing specified. No value-expression occurring‘in the select-1ist shall be a formal-
i c-value, except in some occurrences in deglarations (see 9.1).

lue space of the excluding subtype comprises all values of the base datatype except fo
Dy the select-list. A select-itemWhich is a value-expression specifies the single

by that value-expression. A select-item Which is a select-range specifies all valu
atatype such that lowerbound < v if a lower bound is specified, and v < upperbound, if an
pecified.

b subtype is bounded (above, below, both) if the base datatype is so bounded or if some

ze creatés)a subtype of any sequence, set, bag, Or table datatype by specifying bound

Syntax:

I those
value
Bs v of

upper

size-subtype

minimum-size
maximum-size

base

"size",

" "
P

base, "(",
[ maximum-size
value-expression

value-expression
ral

minimum-size,

wyn
1, ) ;
;

type-specifier

7

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 Explicit subtypes

D intioo—Exnlicit cubtvnina idantifina A Aot ina e A ot na AfFths oo Aatabvna A Aafin A th
escriptien—Explieitsubtypingidentifies-a-datatype-as-a-subtype-ef-the base-datatype-and-defines the

construction procedure for the subset value space in terms of general-purpose datatypes'of datatype
ggnerators.

Syntax

explicit-subtype
bage
suptype-definition

base, '"subtype”, "(", subtype-definitiom, * ")"
type-specifier ;
type-specifier ;

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

Values} The subtype value space is identical to the value space ofthe datatype designated by the subtype-
ddefinition.

Properties: exactly those of the subtype-definition datatype.
NOTE 1 When the base datatype is generated by a‘datatype generator, the ways in which a subset valpe space can be
construfted are complex and dependent on the nature of the base datatype itself. Clause 8.3 specifies the|subtyping

possibiljties associated with each datatype generator.

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

injteger subtype (integer Selecting(0..5))
8.2.6 |Extended

Description: Extended creates a datatype whose value-space contains the value-space of the base datatype
as| a proper subset.

Syntax

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

Ual extended-value-list nyr
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 datatype

s 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 specification of the characterizing operations on the base
datatype as applied to, or yielding, the added values in the extended-value-1list. In particular, when the

base datatype

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

NOTE 2 extq
datatype has thg

NOTE 3  Othg

8.3 Generated datatypes

A generated datatype is a datatype resulting from an application of a datatype genetator. A datatype

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

br uses of the IDN syntax make stronger requirements on the uniqueness of extended-literal identif

generator is a
operates on da3

which a dataty|
datatype is sef
important char
parametric dat
while Choice a
decomposition

Syntax:

generated]

This Internatio
Standard may
clause 9.1.3.)

gives the inforfnal name for the.datatype generator, and the datatype generator is defined by a single

occurrence of
Descripti

Syntax:
including i

conceptual operation on one or more datatypes which yields a datatype. A datatype gene
tatypes to generate a datatype, rather than on values to genetate a value. The datatypeg
be generator operates are said to be its parametric or component datatypes. The genera
hantically dependent on the parametric datatypes, but has'its own characterizing operati
hcteristic of all datatype generators is that the generator‘can be applied to many different
btypes. The Pointer and Procedure generators genérate datatypes whose values are ato
nd the generators of aggregate datatypes generate datatypes whose values admit of

A generated-type designates a generated datatype.

pointer-type
procedure-type
choice-type %}
aggregate=type
import-type

-type
I

hal Standard defines commmon datatype generators by which an application of this Interng
define generated datatypes. (An application may also define “new” generators, as provid
Fach datatype generator is defined by a separate subclause. The title of each such subcl

he followingdemplate:

bn: prose)description of the datatypes resulting from the generator.

ers.

rator
Xolp!

ed

ns. An

Mmic,

tional
2d in
ause

the syntactic production for a generated datatype resulting from the datatype generator,

dentification of all parametric datatypes which are necessary for the complete identificatitpn of

a distinct datatype.

Components:

the generator.

Values: formal definition of resulting value space.

Properties:

number of and constraints on the parametric datatypes and parametric values used by

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:
generator.

46

characterizing operations for the resulting datatype which associate to the datatype
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, T =r—driscrimtnant |, y)
"of", "(" alternative-list ")"

fipld-identifier
tag-type
dijscriminant
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

alfternative

deffault-alternative
alternative-type
tag-value-list

(]
]
O
2
o
Q
g
<]
Q.
]

value-expression |
"ok

be an exact datatype. The tag-value-1ist.Of €ach 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 unl¢ss the tag
datatype is ordered. When lowerbound.@nd upperbound are value-expressions, they shall have values
ofthe tag datatype such that InOrder(lowerbound, upperbound). When lowerboundis "*", if indicates that
ng lowerbound is being specified, ahd when upperboundis "*", it indicates that no upperjound is being
specified. No value-expressioniin the select-1ist shall be a parametric value, except i some

A Ehoice datatype defines ‘an association from the value space of the tag datatype to the sgt of
alternative datatypes’in the alternative-1ist, such that each value of the tag datatype agsociates with
exactly one alternative datatype. The tag-value-1ist of an alternative specifies those vallies of the tag
dgtatype which:are associated with the alternative datatype designated by the alternative-type in the
ag datatype
all values v of
f upperbound
ype which do
by its

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, ":", 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).

Properties: unordered, exact if and only if all alternative datatypes are 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'in the
subtype i the same as, or a subtype of, the alternative datatype corresponding to that valuejin’the |base

datatype.
Operations: Edual, Tag, Cast, Discriminant.

Discrimingnt(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

alternative-list which corresponds to the value s, is that value of the choice datatype which has tag-yvalue

s and altdrnative-value x .

Cast.type(k: choice (tag-type) of (alternative-list)): type, where type‘is’an alternative datatype in alternative-
list, is:

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

Equal(x, yi choice (tag-type) of (alternative-list)): boolean is:

if Dis¢riminant(x) and Discriminant(y) select the same alternative, then

-

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

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

else false.

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

subterfuge. E.g.'the-Cdatatype:

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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NOTE 2  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  The subtypes of a choice datatype are typically choice datatypes with a smaller list of alternatives, and in the
simplest case, the list is reduced to a single datatype.

NOTE 4  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
the tag-value.

NOTE Another useful model of choice is choice (field-list), where exactly one field is present in any diven value, and
the means of discrimination is not specified. In this model, the operation:

Iskield.field(x: choice (field-list)): boolean = true if the designated field is present in the valué x , otherwise false;

replacep Discriminant, with corresponding changes to the other characterizing operations:. It'is recognized that this model
is matheématically more elegant (the Or-graph to match the And-graph of the fields in Record), but in practite, either IsField
is not pfovided (which makes all operations user-defined) or IsField is implemented by tag-value (which makes IsField

equivalént to Discriminant).

EXAMHALES See 10.2.2 and 10.2.3.

8.3.2 |Pointer

Description: pointer generates a datatype, called a pointer datatype, each of whose values cofstitutes a
means of reference to values of another datatype, designated the element datatype. The values of a
pdinter datatype are atomic.

Syntax

"pointer!,~ '"to", "(", element-type, ")"
type-specifier

polinter-type
elpment-type

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

Values| The value space is that of an unspecified state datatype, each of whose values, save one, is
asisociated with a value of the element datatype. The single value null may belong to the vglue space but
it is never associated with any value of the element datatype.

Value-$yntax:

pofinter-literal = "null"

"r]ull" denotes the null value. There is no denotation for any other value of a pointer datatype.

Properties: unordered, exact, non-numeric.

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

Operations: Equal, Dereference.

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 as

NOTE 2
same value of th

sociated with values of the element datatype are not in the value space of the pointer datatype.

e element datatype. The operation which compares the associated values is

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

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

NOTE 3

datatype, and lig
not the intention

NOTE4 The
area”. Since the
Similarly, the im
language, is oftg

NOTES5 The
cell or cells whig
unspecified stat

and the elementvalue which is stored in the cell. The Dereference opération is conceptually applied to the “addreq
is implemented by a “fetch” from the memory cell. Thus in the computational model used here, the “address” and th

“memory cell” a
manipulated thr
element-value.

NOTE6 The
which contains 2
“value of the var
operations on su
datatype “pointe
the only objects
pointer-values tq

8.3.3 Proced

Description: p4
operation

The|computational model of the pointer datatype often allows the association to vary over time. E.@3; if
value of datatypg pointer to (integer), then x may be associated with the value 0 at one time and with the value 7 at
another. This implies that such pointer datatypes also support an operation, called assignment, which associates a
value of datatypg e to a value of datatype pointer(e), thus changing the value returned by the Dereferénce operatiq
the value of datdtype pointer to e. This assignment operation was not found to be necessary to characterize the po

ting it as a characterizing operation would imply that support of the pointer datatype requires it, wh

term Ivalue appears in some language standards, meaning “a value which, refers to a storage obje
storage object is a means of association, an Ivalue is therefore a value of some pointer datatype.
plementation notion machine-address, to the extent that it can be manipulated by a programming
n a value of some pointer datatype.

hardware implementation of the “means of reference to” a.value of the element-type is usually a m

datatype”. The memory cell physically maintains the association between the address (pointer-va

not distinguished: a pointer-value is both the cell and its address, because the cell can only be
ugh its address. The cell, which is the pointer:value, is distinguished from its contents, which is the

notion “variable of datatype T” appears in programming languages and is usually implemented as
value of type T. Language standards often distinguish between the “address of the variable” and f
able” and the “name of the yariable”, and one might conclude that the “variable” is the cell itself. B
ch a “variable” actually operate on either the “address of the variable” — the value of general-purp
I to (T)” — or the “value'of the variable” — the value of general-purpose datatype T. And thus thosg
which are needed in‘the datatype model. This notion is further elaborated in ISO/IEC 13886, which
the “boxes” (or “c€lls”) which are elements of the state of a running program.

ure

ocedure generates a datatype, called a procedure datatype, each of whose values is an
pn_valles of other datatypes, designated the parameter datatypes. That is, a procedure

Two pointer values are equal only if they are identical; it does not suffice that they are associated with the

X is a

(new)
non
nter
ch is

ct or

emory
h contain a value of the element-type. The memory cell'ias an “address”, which is the “value of the

ue)
s”, but
e

A cell
he

ut all
pse

b are
relates

datatype ¢

nmlnricpc the set of all nlnpraﬁnne onvalues of a Irmrfir‘nlnr callection of dnfnfyppc All val

Jes of

a procedu
Syntax:
procedure

parameter

parameter
direction

parameter
parameter
parameter

50

re datatype are conceptually atomic.

-type = '"procedure", ", [ parameter-list ], ",
[ '"returns", "(", return-parameter, ")", ],
[ "raises", "(", termination-list, mT ] ;
-list = parameter-declaration,
{ ",", parameter-declaration } ;
-declaration = direction parameter ;
= "in" |
"out"” I
"inout"
= [ parameter-name, ":" ], parameter-type ;
-type = type-specifier ;
-name = Jidentifier ;
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termination-reference
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(]

[ parameter-name,
termination-reference,

{ ",", termination-reference
termination-identifier

]/

parameter-type

}

’

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-
declaration contains the direction "in" or "inout". The input space is the cross-product of the value
spaces of the datatypes designated by the parameter-types of all the input parameters. A parameter is

sajid to be a result parameter if it is the return-parameter or it appears in the parameter-

p

pr
P4
14}
pr

wh
of

W

tdrmination-declaration (see 9.3), with an alternative result space which is the cross-p

va

wh

Sp

"]

un

wh
eV

tgrmination-parameter-list. Let 4, be the.alternative result space of the ; th terminati

rameter-declaration contains the direction "out" or "inout". The normal result spacs
bduct of the value spaces of the datatypes designated by the parameter-types aofjall the
rameters, if any, and otherwise the value space of the void datatype. When thére‘is no 4
st, the result space of the procedure datatype is the normal result space, and-every valu
bcedure datatype is a function of the mathematical form:

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

ere I, is the value space of the parameter datatype of the i th-input parameter, R, is th

hen a termination-list is present, each termination-reference shall be associated

ue spaces of the datatypes designated by the parameter-types of the parameters in th
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ace associated with normabtermination ( 4, ), modeled as having termination-identif
normal". Consider the termination-references, and "*normal", to represent values ¢
specified state datatype ST. Then the result space of the procedure datatype is:

Sy x(Ay | 4 gy |- [ 4y)

ere Ay is-the normal result space and 4, is the alternative result space of the £ th termi
ery, alue of the procedure datatype is a function of the form:

1ist and its
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e p of the

e value space

the parameter datatype of the & th result parameter, and R is the value space of the rgturn-

pdrameter.

by some
oduct of the
e
on. Then:

ere E,; is the value space of the-parameter datatype of the k th parameter in the termipation-
pdrameter-1ist of the j th tertnination. The normal result space then becomes the alternz

tive result
lier
f an

nhation; and

pilyxlyx. Xl —> 8, x(4,[4,[4,]...14y) -

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

su

bstituting 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:

Properties: ungrdered, exact, non-numeric.

Subtypes: For ffwo procedure datatypes P and Q:

Operations: Edual, Invoke.

52

procedure-declaration = '"procedure", procedure-identifier, "(",
[ parameter-list ], ",
[ '"returns", "(", return-parameter, ")" ],
[ "raises", "(", termination-list, m" ] ;
procedure-identifier = lidentifier

A procedure-declaration declares the procedure-identifier to refer to a (specific) value of the
procedure datatype whose type-specifier is identical {o the procedure-declaration after deletion of
the procedure-identifier. The means of association of the procedure-identifier with a pafti¢ular
value of thle procedure datatype is outside the scope of this International Standard.

P is said tg be formally compatible with Q if their parameter-lists are of the same\lehgth, the direction of
each parafneter in the parameter-1ist of P is the same as the correspondingparameter in the
parametef-list of Q, both have a return-parameter or neither does, and the termination-1ists of P
and Q, if present, contain the same termination-references.

If P is formally compatible with Q, and for every result parameter of, Q; the parameter datatype of the
correspondling parameter of P is a (not necessarily proper) subtype' of the parameter datatype of the
parameter|of Q, then P is said to be a result-subtype of Q. If the return parameter datatype and all gf the
parameter|datatypes in the parameter-list of P and Q are identical (none are proper subtypes), then| each
is a result-pubtype of the other.

14

If P is formally compatible with Q, and for every input parameter of Q , the parameter datatype of th
correspondling parameter of P is a (not necessarily proper) subtype of the parameter datatype of the
parameter|of Q, then Q is said to be an input-subtype of P. If all of the input parameter datatypes in|the

parametertlists of P and Q are identical (nene are proper subtypes), then each is an input-subtype o¢f the
other.

Every subtype of a procedure datatype shall be both an input-subtype of that procedure datatype and a
result-subflype of that proceduretdatatype.

The definifions of Invoke and Equals below are templates for the definition of specific Invoke and Equals
operators [for each¢ndividual procedure datatype. Each procedure datatype has its own Invoke operator
whose firgt 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 th
datatypes|of.the result space of the procedure datatype.

Invoke(x: procedure(parameter-list), vi: l1, ..., Va: In): record (r1: Ry, ..., rm: Ry)) is that value in the result space
which is produced by the procedure x operating on the value of the input space which corresponds to
values (v1, ..., Vp).

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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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

NOTE 2

the scope of this International Standard and forms a principal part of ISO/IEC 13886.

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

conside

NOTE 3

red to affect the admissibility of a given procedure as a value of the procedure datatype.

The subtyping of procedure datatypes may be counterintuitive. Assume the declarations:

o o

If type
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be safe
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syntax,
distincti
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to facilif

NOTE ¢
result s
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the tag
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procedure (in a: integer range (0..100), out b: typeX);
procedure (in a: integer range (0..100), out b: typeY);
procedure (in a: integer, out b: typeX);

® ® 0
bR ol ]
o

is a subtype of typeY then P is a subtype of Q, as one might expect. But integer range ((0.:100) is
t, which makes R a subtype of P, and not the reverse! In general, the collection of proeedures whid
input from the larger input datatype (integer) is a subset of the collection of procedures which can
b more restricted input datatype (integer range (0..100)). If a procedure is required to be of typ
ed to be applicable to values in integer range (0..100). If a procedure of type R is actually used
y applied to any value in integer range (0..100), because integer range{ (0. .100) is a subtyp
rocedures in R. But the converse is not true. If a procedure is required {0 be of type R, then it is prd
le to an arbitrary integer value, for example, -1, and therefore a procedure of type P, which is not 1
at -1, cannot be used.

In describing individual values of a procedure datatype,-it\is common in programming languagy
Ler-names, in addition to parameter datatypes, for the parameters. These identifiers provide a mea
ishing the functionality of the individual parameter values. But while this functionality is important in
e of a procedure datatype from another, it has no meaning at all for the procedure datatype itself.
bt (in a:real, in b:real, out diff: real) anCiMultiply(in a:real, in b:real, out prg
ues of the procedure datatype procedure (in ¥éal, in real, out real), but the functionality o
in the two procedure values is unrelated.

In describing procedures in programming languages, it is common to distinguish parameters a
Lit/output, to import information from,gommon interchange areas, and to distinguish returning a singd
urning values through the parameters and/or the interchange areas. These distinctions are suppor
but conceptually, a procedure oferates on an set of input values to produce a set of output values.
bns relate to the methods ofimpving values between program elements, which are out-side the scd
onal Standard. This syntax is used in other international standards which define such mechanismg
ate the mapping to pragramming language constructs. ISO/IEC 13886 explains the model of proce

As may be appadrent from the definition of Invoke above, there is a natural isomorphism betwe
bace of a procedure datatype and the value space of some record datatype (see 8.4.1). Similarly, t
hism between-the general form of the result space and the value space of a choice datatype (see
Hatatype is the unspecified state datatype and each alternative, including "*normal”, has the form:

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

a subtype of
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8.4 Aggregate Datatypes

An aggregate datatype is a generated datatype each of whose values is, in principle, made up of values of the

compo

nent 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

compo

nent 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-

record-type |
class-type |

set-type |

sequence-type
bag-type |
array-type
table-type

type

’

The definition template for an aggregate datatype is that used for all datatype generators (see 8.3), with an

addition of the

Properties-paragraph-to-describe-which-of the aggregate properties-described-in-clause 6.8 are
Lud Ll ~ Lad I ~ L L .

possessed by

hat generator.

NOTE 1 In general, an aggregate-value contains more than one component value. This does not, however; pre¢lude
degenerate cas¢s where the “aggregate” value has only one component, or even none at all.
NOTE 2  Many characterizing operations on aggregate datatypes are “constructors”, which construct a value of the

aggregate datat
component data
the existence of
operations, toge

NOTE3 Inp
some form. But

hence not provig
aggregate of Ch
to support langu
as the primitive

not even a spec
datatype and B3

NOTE 4 Son
essential seman

type tree
(
labg
braj

)/

or:

type tree

lab
son
sib]

)/

pe from a collection of values of the component datatypes, or “selectors”, which‘select a value of g
type from a value of the aggregate datatype. Since composition is inherent in(the concept of aggre
construction and selection operations is not in itself characterizing. Howeveér; the nature of such
ther with other operations on the aggregate as a whole, is characterizing:

inciple, from each aggregate it is possible to extract a single component, using selection operation
some languages may specify that particular (logical) aggregates must be treated as atomic values,
e such operations for them. For example, a character string may be regarded as an atomic value g
aracter components. This international standard models characterstring (10.1.5) as an aggregate,

ages whose fundamental datatype is (single) Character. But'Basic, for example, sees the characte

hate,

5 of
and
rasan
n order
rstring

ype, and defines operations on it which yield other chartacterstring values, wherein 1-character strings are

al case. This difference in viewpoint does not preventa meaningful mapping between the charactsg
sic strings.

e characterizations of aggregate datatypes are essentially implementations, whereas others conve
tics of the datatype. For example, an object Which is conceptually a tree may be defined by either:

= record

pl: character string ({ isor~standard 8859 1 }),
hches: set of (tree)

record

pl: character\string ({ iso standard 8859 1 }),
pointer—teo (tree),
[ing: pointer to (tree)

The first is a pro

rstring

per conceptual definition, while the second is clearly the definition of a particular implementation off

atree.

Which of these datatype definitions is appropriate to a given usage, however, depends on the purpose to which this
International 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-type "record", { provision-statement }, (* see 8.6 *)

"(" field-list ")"

fipld=1t1st =fteld— " Titeld—F

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

fipld-type = type-specifier ;

Compgnents: A list of fields, each of which associates a field-identifier with asingle field datatype,
degsignated by the field-type, which may be any datatype. All field-identifiers of fieldls in the
fileld-1ist shall be distinct.

Values} all collections of named values, one per field in the field-1ist, such that the datatype [of each value
is the field datatype of the field to which it corresponds.

Value-$yntax:

refpord-value

field-value-list |
value-list
"(", field-value, <\ ",", field-value }, ")"
field-identifier, ¢."3", independent-value
"(", independent-value,
{ ",", independent-value }, ")"

fipld-value-list
fipld-value
vallue-list

A fecord-value denotes a value of a record datatype. When the record-value is a field-value-
lilst, each field-identifierin the fielld-1ist of the record datatype to which the recprd-vaiue
belongs shall occur exactly once in the field-value-1list, each field-identifier in thg record-
vdlue 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 datatyge. When the
record-value is a value-1ist, the number of independent-values in the value-1list shall be equal to
thé 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.

Properties: non-numeric, unordered, exact if and only if all component datatypes are exact.

Aggredate properties: heterogeneous, fixed size, no ordering, no uniqueness, access is keyed by field-
idTntifier, one dimensional.

Subtypes: any record datatype with exactly the same field-identifiers as the base datatype, such that the field
datatype of each field of the subtype is the same as, or is 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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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 replaced

by y.

NOTE 1

Indeed, the opti
encoding operat
however, the ph
value-list Wit

NOTE2 Are
where the key d
totality of the mg

NOTE3 A rxsg
record datatype
the base value-s
into the base da
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NOTE4  “Sut
the scope of this

8.4.2 Class

Description: c1
aggregatic
datatype,
The over}
prior class

Syntax:

The|sequence of fields in a record datatype is not semantically significant in the definition of the-zecox
datatype genergtor. An implementation of a record datatype may define a representation convention which)is-an o
of physically dis{inct fields, but that is a pragmatic consideration and not a part of the conceptual notion af.the datat

al representation for certain record values might be a bit string, and then FieldReplace would be

on and FieldSelect would be a decoding operation. Note that in a record-value Which is a value
ysical sequence of fields is significant: it is the convention used to associate the component values
the fields of the record value.

cord datatype can be modeled as a heterogeneous aggregate of fixed(size which is accessed by K
htatype is a state datatype whose values are the field identifiers. But in-a value of a record datatyp
pping is required: no field (keyed value) can be missing.

cord datatype with a subset of the fields of a base record datatype (a “sub-record” or “projection” g
is not a subtype of the base record datatype: none of the"yalues in the sub-record value space ap
pace. And there are, in general, a great many differentembeddings” which map the sub-record da
atype, each of which supplies different values for the.missing fields. Supplying void values for the
only possible if the datatypes of those fields are of-the form

hg-type) of (..., v: void)
types” of a “record” datatype which have,additional fields is an object-oriented notion which goes k
International Standard.

ass generates a datatype, called a class datatype, whose values are heterogeneous
ns of values of component datatypes, each aggregation having one value for each comg
keyed by a fixed field-identifier. Components of a class may include procedure defi
ride type qualifier specifies that the labeled class attribute definition that follows replaces
attribute definition with the same label.

d
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-list,
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class-typ

- " (* see 8 6 *)

ent }

attribute-list

attribute

override-qualifier
attribute-identifier
attribute-

"(", attribute-list, ")" ;
attribute, { attribute }
[ override-qualifier ], attribute-identifier,

attribute-type
"override" ;
identifier ;
type-specifier

mon .
77 4

(]

’

type

Components: A list of attributes, each of which associates an attribute-identifier with a single
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

56

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.
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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.

Proper

ties: non-numeric, unordered.

Subtypes: any class datatype whose attributes include one attribute corresponding to each attribute of the
base datatype, such that:

— the attribute-identifier for the subtype attribute is identical to the attribute-identifier for the attribute of the
base datatype, and

— thd attribute datatype of the attribute of the subtype is the same as, or is a subtype of, the ajtribute
datatype of the attribute of the base datatype.

Operatfjons: Equal, AttributeSelect, AttributeReplace.
Equal(x, y: class (attribute-list)): boolean If there exists an Equal procedure for the class, thenlis Equal(x,y).
Otherwise if there are no procedure definitions then is true if for every attribute-identifier f [of the class
datatype, attribute-type.Equal(AttributeSelect.f(x), AttributeSelect.f(y)),\else false (where attripute-
type.Equal is the equality relationship on the attribute datatype corresponding to f ). Otherwise is
indleterminate.
THere is one AttributeSelect and one AttributeReplace opération for each attribute in the clags datatype

that is not an attribute procedure, of the form:

At
wh

At
cl
cl
wih

TH
C
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q

At
thg

At

that function z: class(attribute-list) such that AttributeFunctioninvoke.attribute-identifier(z) is )

ot

ributeSelect.attribute-identifier(x: class (attribute-list)): attribute-type is the value of the attri
ose attribute-identifier is attribute-identifier.

ributeReplace.attribute-identifier(x: classt(attribute-list), y: attribute-type): class (attribute-list)
ss(attribute-list) such that AttributeSelegt.attribute-identifier(z) = y , and for all other attribu
ss(attribute-list), AttributeSelect.f(x)-= AttributeSelect.f(z), i.e. AttributeReplace yields the cla
ich the value of the designated attribute of x has been replaced by y .

ere is one AttributeFunctioninvoke and one AttributeFunctionOverride operation for each
ss datatype that is an attribute procedure, of the forms:

ributeFunctionlnvoke.attribute-identifier(x: class (attribute-list)): attribute-type(parameter-list)
p attribute procedure of class x whose attribute-identifier is attribute-identifier.

ributeFunctionOverride.attribute-identifier(x: class (attribute-list), y: attribute-type): class (g

nerattributes 1 in class(attribute-list), AttributeFunctioninvoke.f(x) = AttributeFunctioninvo

bute of class x

is that value z:
es f in
ss value in

attribute in the

is the value of

ttribute-list) is
, and for all
e.f(2)

i.e. AttributeFunctionOverride yields the class datatype in which the function of the designated attribute

of x has been replaced by y .
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...)).

© ISO/IEC 2007 — All rights reserved

57


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

ISO/IEC 11404:2007(E)

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", " (n, element—type, ") "
element-type = type-specifier ;

Components: The element-type shall designate an exact datatype, called the element datatype.

Values: every get of distinct values from the value space of the element datatype, including the set of no
values, cdlled the empty-set. A value of a set datatype can be modeled as a mathematical fupétion|whose
domain is|the value space of the element datatype and whose range is the value space of the-boolgan
datatype (frue, false), i.e., if s is a value of datatype set of (E), then s: E—B, where B is the,set of Bpolean
values true and false, and for any value e in the value space of E, s(e) = true means etlis’a membeyr of”
the set-value s, and s(e) = false means e “is not a member of” the set-value s. The yalue-space of the set
datatype then comprises all functions s which are distinct (different at some value e of the element
datatype),

Value-syntax:

set-value empty-value |
value-list ;
"(", ") ”n
"(", independent-value,
{ ",", independent-value\ }, ")"

empty-valpe
value-lis

o

Each indépendent-value in the value-1ist shall designate a value of the element datatype. A set-
value derjotes a value of a set datatype, namely thessét containing exactly the distinct values of the
element dptatype which appear in the value-1istyor equivalently the function s which yields true gt
every valle in the value-1ist and false at all other values in the element value space.

Properties: nofp-numeric, unordered, exact.
Aggregate properties: homogeneous, variaple size, uniqueness, no ordering, access indirect (by value)
Subtypes:

a) any set|datatype in whichjthe element datatype of the subtype is the same as, or a subtype of, the
element dptatype of the base set datatype; or

b) any datatype derived from a base set datatype conforming to (a) by use of the Size subtype-gengrator
(see 8.2.4).

Operations: Isln,—Suhset, Equal,Difference Union Intersection, Empty_Setof Select

Isin(x: element-type, y: set of (element-type)): boolean = y(x), i.e. true if the value x is a member of the set
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 the
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, s(v) =

fal

se; i.e. the set which consists of no values of the element datatype;

Setof(y: element-type): set of (element-type) is the function s such that s(y) = true and for all values v= y,
s(v) = false; i.e. the set consisting of the single value y ;

Sellect(x: set of (element-type)): element-type, where Not(Equal(x, Empty())), is some one valle

space of element datatype which appears in the set x.
NOTE Set is modeled as having only the (undefined) Select operation derived from the axiom' of choi
sense, the access method for an element of a set value is “find the element (if any) with value.v’, which ac
charactgrizing “IsIn” operation, and the uniqueness property.
8.4.4 (Bag
Description: bag generates a datatype, called a bag datatype, whosevaldes are collections of in
values from the element datatype. Multiple instances of the same value may occur in a give
and the ordering of the value instances is not significant.
Syntax
bapg-type = "bag", { provisionxstatement }, (* see 8.6 *)
"Of", " ("/ element—type, ") " .
elpment-type = type-specifier\(V
Compgnents: The element-type shall designate an exact datatype, called the element datatyp
Values} all finite collections of instances ©f values from the element datatype, including the emp
value of a bag datatype can be modeled as a mathematical function whose domain is the v
thé element datatype and whese’'range is the non-negative integers, i.e., if b is a value of d
(E), then b: E—Z, where Z is.the set of integers, and for any value e in the value space of E
means e “does not occur.in” the bag-value b, and b(e) = n, where n is a positive integer, me
n {imes in” the bag-value'b. The value-space of the bag datatype then comprises all functio
digtinct.
Value-syntax:
bag-valude = empty-value |
value-list ;
e ty_value ”n (", ") ”n

vallue-list

from the value
ce. In another

tually uses the

stances of
n collection;

v

y collection. A
alue space of
htatype bag of
b(e) =0

ans e “occurs
ns b which are

;
independent-value

"o

{ ",", independent-value }, ")"

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.

Subtyp

es:

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 e in the element value space, x(e)=0;

Serialize(xt bag of (element-type)): sequence of (element-type) is:
if IsEmpty(x), then (),

else dny sequence value s such that for each e in the element value space, e _oecurs exactly| x(e)
times|in s;

Select(x: bag of (element-type)): element-type = Sequence.Head(Serialize(x));

Delete(x: Hag of (element-type), y: element-type): bag of (element-type) is that function z in bag of (elenpent-
type) suclh that:

forall ey, z(e) =x(e), and
if x() >0 then z(y)=x(y)-1 and if x(y)=0 then z(y)=0;
i.e. the 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(y)=x(y)+1;

i.e. the collection formed by adding one instance of the value y to the collection x;

8.4.5 Sequence

Description: S¢quence generates a datatype, called a sequence datatype, whose values are ordered
sequencep of values from the element datatype. The ordering is imposed on the values and not intfinsic
in the undgrlying)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-1ist, in the order of their occurrence in the value-1list.

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).

Subtypes.

a)lany sequence datatype in which the element datatype of the subtype is the same as;-or @ subtype of,
thé element datatype of the base sequence datatype; or

b)lany datatype derived from a base sequence datatype conforming to (a) by use of the Size subtype-
gegnerator (see 8.2.4).

Operatfjons: IsEmpty, Head, Tail, Equal, Empty, Append.
IsEmpty(x: sequence of (element-type)): boolean is true if the sequéencé x contains no values| else false;

Hdad(x: sequence of (element-type)): element-type, where Not(IsEmpty(x)), is the first value in the
sequence x;

TII(X: sequence of (element-type)): sequence of (element-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)): booleanis:

if ISsEmpty(x), then IsEmpty(y);

else if Head(x)= Head(y), then Equal(Tail(x), Tail(y));

else, false;

Empty(): sequence of (e/lement-type) is the sequence containing no values;
Agpend(x: sequence 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.

NOTE 1 sequence differs from bag in that the ordering of the values is significant and therefore the opefations Head,
Tail, and_Appe i epe iti ided inste ele ete and Insert, which depend on value.

NOTE 2  The extended operation Concatenate(x, y: sequence of (E)): sequence of (E) is:

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
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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-type, mroo;
index-type, { ",", dindex-type } ;
type-specifier |
index-lowerbound, "..", index-upperbound ;
value-expression ;
value-expression ;
type-specifier ,

index-type-list
index-type

index-lowerbound
index-upperbound
element-tpype

Components: The element-type shall designate any datatype, called the element datatype. Eachrindgx-
type shall designate an ordered and finite exact datatype, called an index datatype. When'the index-
type has the form:

index-lowprbound .. index-upperbound
the implied index datatype is:
integer rpange (index-lowerbound .. index-upperbound),

and indek-lowerbound and index-upperbound shall have integer values, such that index-
lowerbourld < index-upperbound.

The value-expressions for index-lowerbound and index-upperbound may be dependent-values
when the grray datatype appears as a parameter-type, or iR\a component of a parameter-type, of a
procedurel datatype, or in a component of a record datatype. Neither index-lowerbound NOr index-
upperbouhd shall be dependent-values in any other gase. Neither index-lowerbound NOr index-
upperbouhd shall be formal-parametric-valuesyexceptin certain cases in declarations (see 9.1)).

Values: all fungtions from the cross-product of thevalue spaces of the index datatypes appearing in the
index-type-1list, designated the index proeduct space, into the value space of the element datatype,
such that gach value in the index productspace associates to exactly one value of the element datatype.

Value-syntax:

array-valpe = (value-list ;
value-lisf £ =" (", independent-value,
{ ",", independent-value 1}, "

An arraytvalue defotes a value of an array datatype. The number of independent-values in the
value-1ikt shalhbe’equal to the cardinality of the index product space, and each independent-valtie
shall designate a'value of the element datatype. To define the associations, the index product spage is
first orderg¢ddexically, with the last-occurring index datatype varying most rapidly, then the second-lpst,
etc., with i g vaFyH a piehy- rstrdepend vatbe-in-the-array-
value associates to the first value in the product space thus ordered, the second to the second, etc. The
array-value denotes that value of the array datatype which makes exactly those associations.

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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index,) of (element-type), y+: index, ..., y»: indexy): element-type is that
, ¥n) in the index product space;

lect(x: array (indexi, ...,

index,) of (element-type)): boolean is true if for every value (v, ...,
vn) = Select(y, vy, ..., Vi), else false;

ual(x, y: array (indexi, ...,

index,) of (element-type), y+: indexi, ...

of the index product space except (y1, ...

, yn) and is otherwise identical to x.

ves are part of the conceptual datatype. The index space is an unordered product space, aIthough
in each “dimension”, that is, within each index datatype. This model was chosen in lieu of the\arra
n which an array has a single ordered index datatype, in the belief that it facilitates the mappings tq
es. Note that:

be arrayA = array (1..m, 1..n) of (integer);
fines arrayA to be a 2-dimensional datatype, whereas

be arrayB = array (l1..m) of (array (1..n) of (integer));

fines arrayB to be a 1-dimensional (with element datatype array (1..n) of (integer), I8
teger). This allows languages in which A[i][j] is distinguishedfrom A[i, j] to maintain the d

bperly state the limitation in the mapping or treat it as the same as A[j, j], as appropriate.

The array of a single dimension is simply the case\in which the number of index datatypes is 1
space is the value space of that datatype. The order of the index datatype then determines the ass
hdent-valuesS in a corresponding array-value.

Support for index datatypes other thapsinteger is necessary to model certain Pascal and Ada @
others) with equivalent semantics.

It is not required that the specificvindex values be preserved in any mapping of an array dataty
h index datatype be mapped 1:t0s1 onto a corresponding index datatype and the corresponding in
erved.

Since the values of an array datatype are functions, the array datatype is conceptually a speci

res, and have suc¢h constraints as to ensure that the function can be represented by a sequence o
datatype, where.the size of the sequence is fixed and equal to the cardinality of the index product

In orden to define an interchangeable representation of the Array as a sequence of element va

nctions,) The one used in interpreting the array-value construct is as follows:

Le

, Ynt index,, z: element-type): array (indexy, ...

value of the

vn) in the index

, ¥n) — z , and for all values

ex datatypes

it is necessarlly
y of array”

b programming

ther than
stinction in
onstruct can

and the index
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atatypes (and

be, but rather
Hexing functions

bl case of the

re datatype (see 8.3.3).'In most programming languages, however, arrays are conceptually aggregates, not

f values of the
space.

ues, it is first
rious possible

array (1ndexi, ..., 1ndexn) Of (element-type).

latype index;,

let Lowerbound; and upperbound; be the lower and upper bounds on its value space. Define the operation Map; to
map the index datatype index; into a range of integer by:

Mapi(x: index;): integer is

And define the constant: size; =

Ord(x: indexy, ...

Mapi(lowerbound;) = 0; and
Mapi(Successori(x)) = Mapi(x) + 1, for all x # upperbound .
Mapi(upperbound;) - Mapi(lowerbound;) + 1. Then

, Xn: index,): ordinal
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is the ordinal value corresponding to the integer value:

1+ ZMapi (x;)e (H size;,;)
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 the following declaration:

(20

CHARACTERj+—SEREEN

8624
which declares the variable “screen” to have the general-purpose datatype:

array (1.}80, 1..24) of character (unspecified)

The Fortran subpcript operation:

S = SCREEN (COLUMN, ROW)

is equivalent to the characterizing operation:
Selgct (screen, column, row)
while

SCREEN (COLUMN, ROW) = S

is equivalent to the characterizing operation:

Repllace(screen, column, row, S)

8.4.7 Table

Description: tdble generates a datatype, called a table datatype, whose values are collections of valuep in
the produg¢t space of one or more field\datatypes, such that each value in the product space represents
an association among the values of.its fields. Although the field datatypes may be infinite, any given value

of a table fatatype contains a finite-number of associations.

Syntax:
table-typge = '"table", { provision-statement },
"(", field-list, ")"
field-lisf = field, {( ",", field } ;
field = field-identifier, ":", field-type ;
field-idehtifier = lidentifier ;
field-typg = type-specifier ;

(* see 8.6 *)

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.

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

table-entry, 1}, "

© ISO/IEC 2007 — All rights reserved


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

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 corresponding independent-value shall designate a value of the corresponding
field datatype. When the table-entry is a value-1ist, the number of independent-values in the
vdlue-1ist shall be equal to the number of fields in the field-1ist of the table datatype {o 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 associatgd field.

Properties: non-numeric, unordered, exact if and only if all field datatypes are exact:

Aggregate properties: heterogeneous, variable size, no uniqueness, no ordering, dimensionality is two.

Subtypes:
a)lany table datatype which has exactly the same field-identifiers:in the field-list, and the fie]d datatype of
egch field of the subtype is the same as, or is a subtype of, the'corresponding field datatyp¢ of the base

datatype; or

b)lany table datatype derived from a base table datatype conforming to (a) by use of the Size subtype-
gegnerator (see 8.2.4).

Operatjons: MaptoBag, MaptoTable, Serialize, IsEmpty, Equal, Empty, Delete, Insert, Select, Fetch.

M3ptoBag(x: table(field-list)): bag of (record(field-list)) is the isomorphism which maps the tabl¢ to a bag of
records.

M3ptoTable(x: bag of (record(field-list))): table(field-list) is the inverse of the MaptoBag isomorghism.
Sdrialize(x: table(field-list)): sequence of (record(field-list)) = Bag.Serialize(MaptoBag(x));
IsEmpty(x: table(fie/d-list)): boolean = Bag.IsEmpty(MaptoBag(x));

Edual(x, y: table{(field-list)): boolean = Bag.Equal(MaptoBag(x), MaptoBag(y));

Empty(): tabté(field-list) = ();

De|lete(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

NOTE 3

of the characterizing operation Select, rather than an extension to the Table datatype concept.

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 Defined datatypes

A defined data|
reference, with

type-refefpence = type-identifier,

[ "(", actual-type-parameter-list, ")" ] ;
type-identifier = lidentifier ;
actual-type-parameter-list = actual-type-parameter,

actual-ty]

The type-ide

datatype or dajatype generator there-by defined. The actual-type-parameters, if any, shall correspor

number and in

parameter cofresponds to the formal-type-parameter in the corrésponding position in the formal-tj

parameter-1i

shall be a valge-expression designating a value of the datatype' specified by the formal-parameter-

If the formal-j
shall have the

The type-dec
family of dataty
type-referen
type-referen

type is a datatype defined by a type-declaration (see 9.1). It is denoted syntactically by'a
the following syntax:

{
value-expression
type-specifier

mon }
77

actual-type-parameter

’

be-parameter

htifier shall be the type-identifier of some type-declafation and shall refer to th
type to the formal-type-parameters of the type-deciaration. Thatis, each actual-

st. If the formal-parameter-type is a type-specifier, then the actual-type-params

barameter-type is “type”, then the actual-type-parameter shall be a type-specifies
properties required of that parametric datatype in the generator-declaration.

laration identifies the type-identifier in the type-reference with a single datatype,

ce refers to that datatype. If the ‘type-identifier designates a datatype family, then the
ce refers to that member of the:family whose value space is identified by the type-defis

after substituti
parametric-

lue. If the type-identifier designates a datatype generator, then the type-referens

type-

v

din
type-
ype-
ter
type.
- and

a

pes, or a datatype generator. If the~type-identifier designates a single datatype, then the

ition

n of each actual-type-parameter value for all occurrences of the corresponding formal-

e

designates the datatype resulting from application of the datatype generator to the actual parametric
datatypes, thai is, the datatype whase value space is identified by the type-definition after substituti
each actual-type-parameter.datatype for all occurrences of the corresponding formal-parametric-
In all cases, the defined datatype has the values, properties and characterizing operations defined, exp
or implicitly, by the type<declaration.

on of

type.
icitly

are as specifiedby,clause 9.1. In any other occurrence of a type-reference, NO actual-type-paramdter

When a type-jreférence Occurs in a type-declaration, the requirements for its actual—type—para.?ters
shall be a forma

-parametric-value Ol d formal-parametric-type.

8.6 Provisions
Provisions may be attached to a datatype or aggregate keyword.

Syntax:

") ”
{ ",", actual-parameter }
identifier

provision-statement
actual-parameter-list
actual-parameter

"provision", " (", actual-parameter-list,
actual-parameter,
identifier,

’

n=n .
e ’

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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Typically, obligation, target, and scope are required as parameters.

A normative datatype includes a characterizing operation IsConforming(NDT,DT) that determines if a datatype
DT conforms to the provisions of NDT.

8.6.1

General parameters for provisions

This subclause describes the general parameters for provisions.

EXAMPLE 1

elements are optional:

The following provision specifies that for all aggregates (and subcomponents, recursively) their data

no|
no
re
(

) 4

EXAMH
extends

no

no
re

EXAMH

//

no

no
re|

8.6.1.1
Descri

Syntax

ob|

rmative all data elements optional =

rmative R1 =
cord all data_elements_optional

//

LE 2 The following provisions combine Example 1 above with the additional provision that the
d with additional data elements:

Fmative extended data_elements_permitted =
provision (obligation=permit, target=type, scope=recursiveidentifier, subset=un|
frmative R2 =

ford all data_elements_optional extended data_elements permitted

//

LE 3 The following provision specifies that the datatype for data element B has a smallest of ar

SPM: smallest permitted maximum
rmative SPM(limit) =
provision(obligation=require, tatrget=type, scope=size, value=range (limit..¥)),

frmative R =
tord

a: type_a,
b: array (0..maxsize) SPM(17) of integer,

Obligation

ption: Describes.the kind of obligation for the provision.

ligation-kind "obligation", "=", obligation-kind-value ;

ob|

provision (obligation=permit, target=type, scope=recursiveidentifier, subset=de|fined),

fatatype may be

defined),

ray size 17:

1 igation-kind-value "require" |

Trecommend’ |
"permit" |
"permitnot” |
"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 ,,,)
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— 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 satis

fy ...)

— requirenot: the provision is a mandatory requirement, i.e., “shall not” (the implementation is required not

to satisfy ..

)

— unspecified: there is no further specification of the provision

— default: the default value

8.6.1.2 Target

Description: Dgscribes the target of the provision, i.e., what is intended to satisfy the provision.

Syntax:

target-kihd
target-kihd-value

The valuep have the following meaning:

— wvalue: the
— valuespad
— propertisg

— charops: t

— type: the provision is associated with a datatype

— runtimety
— access: th

— runtimeagd

"target"”, "=", target-kind-value ;,
"value" |

"valuespace" |

"properties" |

"charops" |

"type" I

"runtimetype" |

"access'" |

"runtimeaccess" ;

provision is associated with the instantiation of a datatype 8)
e: the provision is associated with.the value space of datatype
s: the provision is associated-with the properties of datatype

he provision is associated with the characterizing operations of datatype

pe: the provision is associated with the datatype at execution time
e provision)is associated with the access methods of a datatype

cessithe provision is associated with the access methods of a datatype at execution tim|

[

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

Description: Describes the scope of the provision, i.e., what is affected by the provision.

Syntax:
scope-kind = '"scope", "=", scope-kind-value ;
scope-kind-value = '"identifier"
"allidentifier" |

"recursiveidentifier" |
"gsize" I

"allsize" |
"recursivesize" ;

THe values have the following meaning:
— idéntifier: the provision is associated with a single identifier
— allidentifier: the provision is associated with all identifiers in an aggregate type

— refursiveidentifier: the provision is associated with the all identifiers-in all aggregate types,
reqursively

— site: the provision is associated with a single sizing parameter
— allsize: the provision is associated with all sizing parameters)in an aggregate type

— retursivesize: the provision is associated with the sizing parameters in all aggregate types, recursively

8.6.1.4 Subset

—

Description: Describes the subset scope of the prevision, i.e., a pattern that describes the subsg

Syntax
supset-kind = '"subset", "="  subset-kind-value ;
supset-kind-value = !defined" |
“undefined”

F I
"(", select-list, ")" |
value-expression ;

THe values have thejfollowing meaning:

— defined: chooses those elements that are defined, e.g., for identifiers, if the identifier is def|lned; for
values, if the_value is defined

— undlefinéd: chooses those elements that are undefined, e.g., neither the identifier nor the value is defined

— *: chooses all elements
— select-1list: 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-spec-value

"nil ”n I

select-range |

"(", select-list, ")" |
value-expression ;

The values have the following meaning:

— nil: the value nil

— select—range:arangeofvaMes

"value”, "=", value-spec-value ;

— select-1]

— value-ex(

st: a selecting expression that limits the range

8.6.2 Aggregate-specific features

This subclauss

8.6.21  Agg

regate-component ordering

ression: a value expression that specifies the value

describes features that are specific to aggregate values, datatypesy and normative datatypes.

Description: Specifies that the components of record or class type are ordered, unordered, or unspecifigd.

Syntax:

aggregate
aggregate

The value
— ordered: {
— notordersg
— unspecif]

— default:t

5 have the following meaning:

he aggregate's components are-ordered

he ordering is_the default value

8.6.3 Aggre

ate-component-identifier uniqueness

rorder = '"aggregateorder', "='", aggregate-order-value ;
-Forder-value = '"ordered" |

"notordered" |

"unspecified"” |

"default" ;

d: the aggregate's component's ordering is indeterminate

ed: it is not specified 'whether the aggregate's components are ordered or unordered

Description: Specifies that the components of record or class type whose identifiers are unique or not (4ee

6.8.4).

Syntax:

aggregate
aggregate

70

-uniqueness = 'aggregateuniqueness', '"=",
-uniqueness-value =

"unique" |

"notunique” |

"unspecified"” |

"default" ,;

aggregate-uniqueness-value ;
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The values have the following meaning:
— unique: the aggregate's components' identifiers are unique
— notunique: the aggregate's components' identifiers may be non-unique
— 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 sybclause describes features that are specific to the use of values, datatypes, and normatiye datatypes.
EXAMHALE The following provision specifies that a diagnostic message occurs every time R is|instantiated.

nogmative obsolete =
provision (obligation=require, target=type,
scope=identifier, trigger=oninstantiation, action=diagnostic)

nogmative R =
refpord obsolete

//

8.6.4.1 Usage triggers

Description: Specifies usage triggers for the provisions features.

Syntax
usEge-trigger = '"onuse", "= usage-trigger-value ;
ushge-trigger-value = '"ondeclaration" |
"oninstantiation" |
"onacgéss" ;

THe values have the following meaning:
— onfleclaration: the action is triggered on a declaration that uses this provision
— onjnstantiation: thefaction is triggered on instantiation of a value

— onaccess: the action’is triggered on the use of a value

8.6.4.20 Usage)actions

Description*-Specifies the action to take if a provision is triggered.

Syntax:
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:
declaration = type-declaration |
value-declaration |
<l <l 1 = 1
P il gre—aecTaracIon 1
termination-declaration ;
NOTE Thig clause provides the mechanisms by which the facilities of this International Standard can be.extended to

meet the needs [pf a particular application. These mechanisms are intended to facilitate mappings by allowing for dgfinition
of datatypes and subtypes appropriate to a particular language, and to facilitate definition of applicatiofi'services by
allowing the definition of more abstract datatypes.

9.1 Type declarations

A type-declaration defines a new type-identifier to refer to a datatype or a datatype generator. A datatyde
declaration mgy be used to accomplish any of the following:

— to renamejan existing datatype or to name an existing datatype which-has a complex syntax, or
— as the synfactic component of the definition of a new datatype-or

— as the synfactic component of the definition of a new datatype generator.

Syntax:
type-declpration = '"type", type-identifier,

[ "(" formal-type-parameter-list, m" 7,

"=", [ "new" ], type-definition |

normative-datatype-declaration ;
type-idenfifier = lidentifiexr| ;
formal-type-parameter-list = formdlsrtype-parameter,

{¢—"™", formal-type-parameter } ;
formal-type-parameter = formal-parameter-name, '":", formal-parameter-type /
formal-pafameter-name = lidentifier ;
formal-pakameter-type = _type-specifier |

"tYI)e ”n

type-specifier ;
formal-parameter-name ;
formal-parameter-name ;

type-defihition
formal-pafametric-value
formal-pafametric-type

Every formal-parameter-name appearing in the formal-type-parameter-1ist shall appear at lgast

occurrences, No value-expression appearing in the type-definition shall be a formal-parametric-
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 keywor
present and whether the formal-parameter-type type is present.

9.1.1 Renaming declarations

d new is

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 typd-declaration that contains the keyword new and does not contain the formal—parametLr—type type

is said[to be a datatype declaration. It defines the value-space of a new general-purpose-dataty
distinc{ from any other general-purpose datatype. If the formal-type-parameter-1istis’hot p
the type-identifier is declared to identify a single general-purpose datatype. If the " formal-t
parameter-list is present, then the type-identifieris declared to identify a family of dataty
parameterized by the formal-type-parameters.

The t

corres
definj
deducs

e-definition defines the value space of the new datatype (family)<— there is a 1-to-1

tion. The characterizing operations, and any other property‘of-the new datatype which g
d from the value space, shall be provided along with the type-declaration to complete

be, which is
resent, then
ype -

pes

ondence between values of the new datatype and values of the . datatype described by the type-

annot be
the definition

of the pew datatype (family). The characterizing operations may be taken from those of the datgtype (family)

descriled by the type-definition directly, or defined by some algorithmic means using those
NOTE

identica
the typ
charact|
spaces

The purpose of the new declaration is to allow both,syntactic and semantic distinction between
| value spaces. It is not required that the characterizing operations on the new datatype be differen
b-definition. A semantic distinction based onapplication concerns too complex to appear in the
brizing operations is possible. For example, accéleration and velocity may have identical computati
and operations (datatype real) but quite different physical meanings.

9.1.3 |New generator declarations

A typd-declaration which contains the keyword new and at least one formal-type-paramets
-parameter-type iS type-is said to be a generator declaration. A generator declaration
dentifier to be a new datatype generator parameterized by the formal-type-paramet
iated value space _construction algorithm to be that specified by the type-definition. Th
characterizing operations) and other properties of the datatypes resulting from the generator wh
deduced from the value space, shall be provided along with the generator declaration to complg
definitipn of the neyw-datatype generator.

formal

The fdrmal-type-parameters Whose formal-parameter-type iS type are said to be parame
A gengrator-declaration shall be accompanied by a statement of the constraints on the paramet

operations.

datatypes with
[ from those of
pasic

onal value

br whose
declares the
ters, and the
e

ch cannot be
te the

ric datatypes.
ric datatypes

and on

if
IS, 1 arry.

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
as specified by Clause 8 or Clause 10.

of the designated general-purpose datatype,

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

parameters returned by that termination.

Syntax:

terminatipn-declaration = "termination'", termination-identifier,

[ "(", termination-parameter-list, mT ] ;

terminatipn-identifier = Jidentifier ;

terminatipn-parameter-list = parameter, { ",", parameter } ;

parameter = [ parameter-name, ":" ], parameter-type ;

parameter}type = type-specifier ;

parameterfname = Jidentifier ;
The parametef-names of the parameters in a termination-parameter-1list shallbe distinct. No
termination-lidentifier shall be declared more than once, nor shall it be thé same as any type-
identifier

The terminatio
termination-

h-declaration is a purely syntactic object. All sem

9.4 Normatfive datatype declarations

A normative datatype declaration defines a new type-identifier to refer to a family of datatypes.®)

Syntax:
normativeldatatype-declaration =
"normative" x\ identifier,
[ ”n ("
"="; (_type-definition
9.5 Lexicalloperations

This section dgscribes declarations that relate to construction of a program-text from other program-tex

identifier as a termination-reference in a procédure or procedure datatype (see 8

formal-type-parameter-1list,

antics. arederived from the use of the
3.3).

") " J/

7

S

A defined data
reference, with

9.5.1 Import

type is a datatype defined by a type-declaration (see 9.1). It is denoted syntactically by a
the following-syntax:

Description: In

pofiretrieves the contents of a type definition.

type-

Syntax:

import-type

"import",
{ "including",

source-value,

"(", select-list,

") " I

"excluding"”, " (", select-list, ")" } ;
source-value = URI

identifier ;
tag-type type-specifier ;
discriminant value-expression ;

select-list
select-item

URI

select-item, select-item
identifier ;

(* described by RFC 2396 *)

{

mon }
77

’

9) See6.9.
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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",

)

NOTE 2  The import datatype generator might be used to perform basic inheritance and subclassing:

clpss

(
import superclass,
override methodl: procedure // ...,

)

9.5.2 |Macro

Description: Macro transforms string parameter value to declaration text. The'macro capability germits the
definition of textual replacements within 11404 program text, but does not declare new datgtypes.

Syntax
mafro-definition = '"macro", identifier, "('/~parameter-list, ")" ,
"{", text, "}";
EXAMHLE A parameter is used to insert declaration text:
type X(extra) = record

(
name: characterstring,
address: characterstring,
city: characterstring,
eval (extra)

}

Y:| X("country: characterstring, postalcode: characterstring")

In this gxample, the datatype ofiy includes the three elements in the definition of X (name, address, city) gnd two
additiorfal elements specified-as‘parameters (country, postalcode).

10 Defined datatypes and generators

This clause specifies the declarations for commonly occurring datatypes and generators which ¢an be derived
from the datatypes and generators defined in Clause 8 using the declaration mechanisms defingd in Clause 9.
They aretiricluded in this International Standard in order to standardize their designations and definitions for
interchange 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
ordered, bounded or unbounded.

Operationys: characterizing operations for the datatype.
The notation fqr values of a defined datatype may be of two kinds:

1. If the datafype is declared to have a specific value syntax, then that value syntax is a valid notation [for
values of the datatype, and has the interpretation given in this clause.

2. If the datafype is not declared to have a specific value syntax, then the syntax for.explicit-values of the
datatype identified by the type-definition is a valid notation for values of the defined datatype.

10.1.1 Natura] number

Description: ndturalnumber is the datatype of the cardinal or natural.numbers.

Declaration:
type natufalnumber = integer range (0..%*)

Parametric Values: none.

Values: the nop-negative subset of the value-space*of datatype Integer.

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

Operations: allthose of datatype Integer, except Negate (which is undefined everywhere).

10.1.2 Modul¢

Description: mqdulo is a family of datatypes derived from Integer by replacing the operations with arithmetic
operationg using thexmodulus characteristic.

Declaration:

type modulo (modulus: integer) = new integer range (U..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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