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Foreword

ISO (the International Organization for Standardization) and
ternational Electrotechnical Commission) formthe special
for worldwide standardization. National bodies that are

ISO or |IEC patrticipate in the development of Internationd
through technical coommittees establishied by the respecti
tion to deal with patrticular fields of technical activity. 1ISO a
nical committees collaborate in fields of mutual interest. O

IEC (the In-
zed system
members of
| Standards
Ve organiza-
nd IEC tech-
ther interna-

tional organizations, governmental and non-governmental, in liaison

with ISO and IEC, also takepart in the work.

In the field of information)technology, ISO and IEC have
joint technical committee, ISO/IEC JTC1. Draft Internation
adopted by the jointtechnical committee are circulated to 1
ies for voting. Publication as an International Standard requ
al by at least75% of the national bodies casting a vote.

International Standard ISO/IEC 11404 was prepared by Joi
Committee ISO/IEC JTC1, Information technology, Su
SC22, Programming languages, their environments and
ware interfaces.

Annexes A to G of this International Standard are for inforn

tablished a
| Standards
ational bod-
ires approv-

nt Technical
bcommittee
system soft-

mation only.
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Introduction

Many specffications of software services and applications libraries are, or are in the process of bécoming, In]
tional Standards. The interfaces to these libraries are often described by defining the form of reference, e.g. th
cedure callf, to each of the separate functions or services in the library, as it must appear in a\user program
in some stgndard programming language (Fortran, COBOL, Pascal, etc.). Such an interface specification is
monly referred to as the “<language> binding of <service>”, e.g. the “Fortfan binding of P
(ISO/IEC 9593-1:1990, Information processing systems — Computer Graphics — Programmer’s Hierarchica
active Graphics System (PHIGS) language bindings — Part 1: FORTRAN).

This approgch leads directly to a situation in which the standardization of a new.service library immediately re
the standarflization of the interface bindings to every standard programming-language whose users might reas
be expectefl to use the service, and the standardization of a new programming language immediately requir
standardizdtion of the interface binding to every standard service package which users of that language mig
sonably be expected to use. To avoid this n-to-m binding problem, ISO/IEC JTC1 (Information Technology) as
to SC22 the task of developing an International Standard for Language-Independent Procedure Calling and a g
Internationgl Standard for Language-Independent Datatypes, which could be used to describe the parameters t

This International Standard provides the specification forithe Language-Independent Datatypes. It defines a
datatypes, {ndependent of any particular programming.language specification or implementation, that is rich €
so that any common datatype in a standard programming language or service package can be mapped to
datatype in|the set.

The purposg of this International Standard is to facilitate commonality and interchange of datatype notions, at th

terna-
B “pro-
written
com-
HIGS”
Inter-

quires
bnably
es the
ht rea-
Signed
arallel
D such

set of
nough
some

e con-

ceptual level, among different languages.and language-related entities. Each datatype specified in this Intern

tional

Standard has a certain basic set of propetties sufficient to set it apart from the others and to facilitate identification of
the corresppnding (or nearest correspending) datatype to be found in other standards. Hence, this internationa| Stan-
dard providgs a single common reference model for all standards which use the concept datatype. It is expected that

each progrgmming language standard will define a mapping from the datatypes supported by that programmi
guage into the datatypes specified herein, semantically identifying its datatypes with datatypes of the reference
el, and thergby with correspending datatypes in other programming languages.

Itis further expectedthat each programming language standard will define a mapping from those Language-Ing
dent (LI) Datatypes.which that language can reasonably support into datatypes which may be specified in th
gramming langtage. At the same time, this International Standard will be used, among other applications, to

g lan-
mod-

epen-
e pro-
define
of the

a “languagg-independent binding” of the parameters to the procedure calls constituting the principal elements

standard interface 1o eachof the standard services. The proguction of such service bindings and language mappings
leads, in cooperation with the parallel Language-Independent Procedure Calling mechanism, to a situation in which
no further “<language> binding of <service>" documents need to be produced: Each service interface, by defining
its parameters using LI datatypes, effectively defines the binding of such parameters to any standard programming
language; and each language, by its mapping from the LI datatypes into the language datatypes, effectively defines

the binding to that language of parameters to any of the standard services.

vi
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Information technology — Programming languages,
their environments and system software interfaces —

Lan

1

[d))

This I
in pro
primit
the ser
dard i
used i

This Ihternational Standard expressly distinguishes three notions of "datatype", namely:

This I
posses
which|
the sp

structyrally in terms of the LI datatypes defined herein.

This I
requir|
imple
imple
identi

This I
langu
of am

h

Iguage-independent datatypes

cope

wternational Standard specifies the nomenclature and shared semantics for a collection of datatypes commo
bramming languages and software interfaces, referred to as the Language-Independent (LI) Datatypes. It §
ve datatypes, in the sense of being defined ab initio without reference to other datatypes, and non-primitive
ise of being wholly or partly defined in terms of other datatypes. The specification of datatypes in this Inter

"language-independent” in the sense that the datatypes specified are lasses of datatypes of which the ac
h programming languages and other entities requiring the concept datatype are particular instances.

the conceptual, or abstract, notion of a datatype, which characterizes the datatype by its nominal values and

the structural notion of a datatype, which characterizes the datatype as a conceptual organization of specifi
datatypes with specific functionalities; and

datatype in a given environment.

hly occurring
pecifies both
datatypes, in

tional Stan-

a
Ilal datatypes

properties;

component

the implementation notion of a datatype, which characterizes the datatype by defining the rules for representation of the

hternational Standard defines the abstractmotions of many commonly used primitive and non-primitive d
s the structural notion of atomicity. This International Standard does not define all atomic datatypes; it defi
are common in programming languages and software interfaces. This International Standard defines structu
ecification of other non-primitive.datatypes and provides a means by which datatypes not defined herein c

hternational Standard defines a partial vocabulary for implementation notions of datatypes and provides for|
. the use of this vocabdlary in the definition of datatypes. The primary purpose of this vocabulary is to ider
entation notions.dssociated with datatypes and to distinguish them from conceptual notions. Specifications
entation notions.are deemed to be outside the scope of this International Standard, which is concerned s
fication and distinction of datatypes.

hternational Standard specifies the required elements of mappings between the LI datatypes and the datatypes
vge. <This International Standard does not specify the precise form of a mapping, but rather the required inforn

es only those
al notions for
in be defined

aﬂatypes which

but does not
itify common
for the use of
plely with the

of some other
pation content

apping.

2 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 (2.1), or indirectly, by means of mappings
between internal datatypes used by the entity and the datatypes specified in this International Standard (2.2).

NOTE — The general term information processing entity is used in this clause to include anything which processes information and contains
the concept of datatype. Information processing entities for which conformance to this International Standard may be appropriate include other
standards (e.g. standards for programming languages or language-related facilities), specifications, data handling facilities and services, etc.
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2.1

Direct conformance

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

which are not, and which, if any, of the declaration mechanisms in Clause 9 it provides; and

national Standard; and

ers: and

© ISO/IEC

specify which of the datatypes and datatype generators specified in Clauses 8 and 10 are provided by the entity and

define the value spaces of the LI datatypes used by the entity to be identical to the value-spaces specified by this Inter-

use the notation prescribed by clauses 7 through 10 of this International Standard to refer to those datatypes and to no

i)
ii)
iii)
ot
iv) to
LI
thi
NOTES
1. This Intg

not require copformance to that syntax. Conformance to the value-syntax for a datatype is required only in.those cases in which the v:

pears in a typq

2. The requ
make no other
Clause 8 or th

3. Requirer
intention is to
given in this I
meaningful, g

4.
for them, are t
inition facilitig

2.2 Indin

An informati

i) prd

thi

ii) spd
NOTES

1. Standard

2. Example

and tools, soft

Examples of entities which could conform directly are language definitions or interface specifications whose datatypes, and the 1

s for existifig programming languages are expected to provide for indirect conformance rather than direct conformance.

he extent that the entity provides operations other than movement or translation of values, define operations
datatypes which can be derived from, or are otherwise consistent with, the characterizing operatiofis_speci
5 International Standard.

rnational Standard defines a syntax for the denotation of values of each datatype it defines, but, jr{ general, requirement (2
-specifier, that is, only where the value is part of the identification of a datatype.

irements above prohibit the use of a type-specifier defined in this International Standard-to designate any other datatype
limitation on the definition of additional datatypes in a conforming entity, althoughvit is recommended that either the
e form in Clause 10 be used.

nent (iv) does not require all characterizing operations to be supported and’permits additional operations to be provide
bermit addition of semantic interpretation to the LI datatypes and generatdrs, as long as it does not conflict with the interpr

iternational Standard. A conflict arises only when a given characterizing operation could not be implemented or would
ven the entity-provided operations on the datatype.

s herein should not be precluded.

ect conformance

pn processing entity which conforms indirectly to this International Standard shall:

vide mappings between its internal datatypes and the LI datatypes conforming to the specifications of Claus
International Standard; and

5 of entities which could conform indirectly are language definitions and implementations, information exchange specifi
ate engineering tools and interface specifications, and many other entities which have a concept of datatype and an ¢

notation for it

on the
fied by

ji) does
lue ap-

. They
form in

d. The
btations
not be

otation

hose defined herein. In addition, the verbatim support by aseftware tool or application package of the datatype syntax gnd def-

e 11 of

cify for which of the datatypes in Clause 8 and Clause 10 an inward mapping is provided, for which an oytward
mapping is provided, and\for which no mapping is provided.

cations
Xisting

2.3 Conformance of a mapping standard

In order to conform to this International Standard, a standard for a mapping shall include in its conformance requirements the
requirement to conform to this International Standard.

NOTES

1.

It is envisaged that this International Standard will be accompanied by other standards specifying mappings between the internal datatypes

specified in language and language-related standards and the LI datatypes. Such mapping standards are required to comply with this Interna-

2
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tional Standard.

2. Such mapping standards may define "generic" mappings, in the sense that for a given internal datatype the standard specifies a parame-
trized LI datatype in which the parametric values are not derived from parametric values of the internal datatype nor specified by the standard
itseif, but rather are required to be specified by a "user” or "implementor" of the mapping standard. That is, instead of specifying a particular
LI datatype, the mapping specifies a family of LI datatypes and requires a further user or implementor to specify which member of the family
applies to a particular use of the mapping standard. This is always necessary when the internal datatypes themselves are, in the intention of the

language standard, either cxplicitly or implicitly parametrized. For example, a programming language standard may define a datatype INTE-

GER 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 LI datatype :
integer range {min..max),

and require a conforming processor to provide values for "min" and "max".

3 Normative References

Coar *  Toa_ L &2 .

The f¢llowing standards contain provisions which, through reference in this text, constitute provisions of this Inter
dard. |At the time of publication, the editions indicated were valid. All standards are subject to revision; and parties fo agreements
based|on this International Standard are encouraged to investigate the possibility of applying the most recent editiops of the stan-
dards [indicated below. Members of IEC and ISO maintain registers of current valid International Standards.
ISO/IEC 8601:1988, Data elements and interchange formats — Information interchange~Representation of dates and times.

ISO/IEC 8824:1990, Information technology — Open Systems Interconnection —Specification of Abstract Syntax|Notation One
(ASN.1).

ISO/IEC 10646-1:1993, Information technology — Universal Multiple-Qctet/Coded Character Set (UCS) —
Part 1. Architecture and Basic Multilingual Plane.

4 Definitions
For tHe purposes of this International Standard, the following definitions apply.
NOTH — These definitions may not coincide with accepted’ mathematical or programming language definitions of the same tdrms.

4.1 | actual parametric datatype: a datatype.appearing as a parametric datatype in a use of a datatype generatgr, as opposed
to thel formal-parametric-types appearing invthe definition of the datatype generator.

4.2 | actual parametric value: a value'appearing as a parametric value in a reference to a datatype family or datatype generator,
as opposed to the formal-parametric-values appearing in the corresponding definitions.

4.3 | aggregate datatypera generated datatype each of whose values is made up of values of the component dafatypes, in the
sense|that operations on all'component values are meaningful.

4.4 | annotation: @/déscriptive information unit attached to a datatype, or a component of a datatype, or a procedure (value),
to chgracterize somé-aspect of the representations, variables, or operations associated with values of the datatype which goes be-
yond fthe scope.ofthis International Standard.

4.5 | approximate: a property of a datatype indicating that there is not a 1-to-1 relationship between values of the conceptual
datatype_and the values of a valid computational model of the datatype. 1

4.6 bounded: a property of a datatype, meaning both bounded above and bounded below.

4.7 bounded above: a 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 < U.

4.8 bounded below: a 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, L <s.

4.9 characterizing operations:
(of a datatype): a collection of operations on, or yielding, values of the datatype, which distinguish this datatype from

3
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other datatypes with identical value spaces;

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

4.10 component datatype: a datatype which is a parametric datatype to a datatype generator, i.e. a datatype on which the
datatype generator operates.

4.11 datatype: a set of distinct values, characterized by properties of those values and by operations on those values.

4.12 datatype declaration:
mea avide by thls

4.13 datatype family: a collection of datatypes which have equivalent characterizing operations and relationships, buf value

4.14 datatype generator: an operation on datatypes, as objects distinct from their values, which generates new datatyges.
4.15 defingd datatype: a datatype defined by a type-declaration.
4.16 defingd generator: a datatype generator defined by a type-declaration.

4.17 exact} a property of a datatype indicating that every value of the conceptual datatype is distinct from all others in anly valid
computational model of the datatype.

4.18 formal-parametric-type: an identifier, appearing in the definition of\a.datatype generator, for which a LI datatype will
be substitutefl in any reference to a (defined) datatype resulting from the génerator.

4.19 formal-parametric-value: an 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.inithe family or resulting from the generator.

4.20 generated datatype: a datatype defined by the application of a datatype generator to one or more previously-defined
datatypes.

4.21 generated internal datatype: a datatype defined by the application of a datatype generator defined in a particulpr pro-
gramming language to one or more previously-defined internal datatypes.

4.22 generator: a datatype generator (q.yo.

4.23 generator declaration:
(1) the means provided by this International Standard for the definition of a datatype generator which is not itself defined
by this International Standard,
(2) arf instance of use @f'this means.

4.24 internal datatype'adatatype whose syntax and semantics are defined by some other standard, language, product, $ervice
or other infofmation processing entity.

4.25 inward mapping: a conceptual association between the internal datatypes of a language and the LI datatypes whijch as-
signs to each LT datatype either a single semantically equivalent internal datatype or no equivalent internal datatype.

4.26 LI datatype:
(1) a datatype defined by this International Standard, or
(2) a datatype defined by the means of datatype definition provided by this International Standard.

4.27 lower bound: in a datatype which is bounded below, the value L such that, for all values s in the value space, L <s.
4.28 mapping:

(of datatypes): a formal specification of the relationship between the (internal) datatypes which are notions of, and spec-
ifiable in, a particular programming language and the (LI) datatypes specified in this International Standard;
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(of values): a corresponding specification of the relationships between values of the internal datatypes and values of the

LI datatypes.

4.29 order: a mathematical relationship among values (see 6.3.2).

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

4.31 outward mapping: a conceptual association between the internal datatypes of a language and the LI datatypes which
identifies each internal datatype with a single semantically equivalent LI datatype.

4.32

4.33

4.34
all se

4.35

structed in any way from values of other datatypes in the language.

4.36

4.37

4.38

4.39

440

different values of the same datatype may be'associated at different times.

5.1

This
form

whilg the word character is used to refer to the characters used in the actual datatype specification language. Tab

rizes

parametric value:
(1) a value which distinguishes one member of a datatype family from another, or
(2) a value which is a parameter of a datatype or datatype generator defined by a type-declaration. (see 9.1).

primitive datatype: an identifiable datatype that cannot be decomposed into other identifiable datatypes V
mantics associated with the datatype.

primitive internal datatype: a datatype in a particular programming language whosevalues are not vieweq

representation:

(of a value): the image of that value in the representation of the datatype.

upper bound: in a datatype which is bounded above;'the value U such that, for all values s in the value sp|
value space: the set of values for a given datatype.

variable: a computational object to whichi-a value of a particular datatype is associated at any given time

Conventions Used in this International Standard

Formal syntax

is used in defining that language. In this clause, the word mark is used to refer to the characters used to def]

the syntactic'metanotation.

vithout loss of

as being con-

(of a LI datatype): the mapping from the value space of the LI datatype to’the value space of some internal datatype of a
compjuter system, file system or communications environment;

subtype: a datatype derived from another datatype by restricting the value space to a subset whilst maintaining all char-
acterizing operations.

hce, s < U.

and to which

nternational Staridard defines a formal datatype specification language. The following notation, derived fron} Backus-Naur

ne the syntax,
e 5-1 summa-

Table 5-1 — Metanotation Marks

! (QUOTATION MARK) delimits a terminal symbol

’ (APOSTROPHE) delimits a terminal symbol

{} (CURLY BRACKETS) delimit a repeated sequence (zero or more occurrences)

[] (SQUARE BRACKETS) delimit an optional sequence (zero or one occurrence)

| (VERTICAL LINE) delimits an alternative sequence

= (EQUALS SIGN) separates a non-terminal symbol from its definition
(FULL STOP) terminates a production
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A terminal symbol is a sequence of marks beginning with either a QUOTATION MARK (") or an APOSTROPHE mark (*)
and terminated by the next occurrence of the same mark. The terminal symbol represents the occurrence of the sequence of char-
acters in an implementation character-set corresponding to the marks enclosed by (but not including) the QUOTATION MARK
or APOSTROPHE delimiters.

A non-terminal symbol is a sequence of marks, each of which is either a letter or the HYPHEN-MINUS (-) mark, terminated
by the first mark which is neither a letter nor a HYPHEN-MINUS. A non-terminal symbol represents any sequence of terminal
symbols which satisfies the production for that non-terminal symbol. For each non-terminal symbol there is exactly one produc-
tion in clauses 7, 8, 9, and 10.

A sequence of symbols represents exactly one occurrence of a (group of) terminal symbol(s) represented by each symbol in the
sequence in the order in which the symbols appear in the sequence, and no other symbols.

CKET

[rences

A repeated [sequence is a sequence of terminal and/or non-terminal symbols enclosed between a LEFT CURLY. BRA
mark ({) and a RIGHT CURLY BRACKET mark (}). A repeated sequence represents any number of consecutineoccu
of the sequence of symbols so enclosed, including no occurrence.

CKET

An option

S
mark ([) ar?tla RIGHT SQUARE BRACKET mark (]). An optional sequence represents either exactly one occurrencg

sequence of

An alternat
followed by

equence is a sequence of terminal and/or non-terminal symbols enclosed between a LEFT SQUARE BRA
ymbols so enclosed or no symbols at all.

ve sequence is a sequence of terminal and/or non-terminal symbols preceded by a)VERTICAL LINE (I) m
either a VERTICAL LINE mark or a FULL STOP mark (.). An alternative séquénce represents the occurr

uence of symbols so delimited or the sequence of symbols preceding the (first) VERTICAL LINE mark.

of the

irk and
ence of

either the seI

A producti

non-ter|
where valid
alternative s
which repre

n defines the valid sequences of symbols which a non-terminal symbeltepresents. A production has the fo
minal-symbol = valid-sequence .

sequence is any sequence of terminal symbols, non-terminal symbols, optional sequences, repeated sequen
equences. The EQUALS SIGN (=) mark separates the non-terminal symbol being defined from the valid-se
ents its definition. The FULL STOP mark terminates the valid-sequence.

m:

es and
quence

5.2 Tex{ conventions
Within the text:
* A refprence to a terminal symbol syntactic objectconsists of the terminal symbol in quotation marks, e.g. "type".
* A refprence to a non-terminal symbol syntaCtic object consists of the non-terminal-symbol in italic script, e.g. type-dec-
laration.
* Non-jtalicized words which are identical or nearly identical in spelling to a non-terminal-symbol refer to the congeptual

objedt represented by the syntactic-object. In particular, xxx-type refers to the syntactic representation of an "xxx dafatype"
in all{occurrences.

6 Fundamental Notions

6.1 Datatype

Charac-
1l Stan-

A datatype|is a‘a set of distinct values, characterized by properties of those values and by operations on those values. (
terizing opefations are included in this International Standard solely in order to identify the datatype. In this Internation:
dard, characterizing operations are purely informative and have no normative Impact.

NOTE — Characterizing operations are included in order to assist in the identification of the appropriate datatypes for particular purposes, such
as mapping to programming languages.

The term LI datatype (for Language-Independent datatype) is used to mean a datatype defined by this International Standard.
LI datatypes (plural) refers to some or all of the datatypes defined by 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.
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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.

6.2

Value space

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

follow

Every

6.3

The m|
in the
matior
erties

NOTE

1. It
lations

ing ways:

enumerated outright, or

defined axiomatically from fundamental notions, or

dure.

Datatype properties

ense that it deals with the manipulation of information by computer systems and-makes distinctions in the ty
units which are appropriate to that kind of manipulation. It is "abstract" in the\sénse that it deals with the pe

h

b

providgs a means for specification of characteristics of representations_of the datatypes.

2. S
deeme(

of spec|

3. It
cess to

bme computational properties derive from the need for the information units to be representable in computers. Such
ific representations of the information units.

is not proper to describe the datatype model used herein as "mathematical", because a truly mathematical model has no

for datdtypes and datatype generators.

6.3.1

In eve

L]

Equality
'y value space there is a notion of equality, for which the following rules hold:

denoted a # b;

there is no pair of instances (a, b) of values from the value space such that both a=b and a # b;
for every valug.a from the value space, a = a;

for any two)instances (a, b) of values from the value space, a = b if and only if b = a;

for any-three instances (a, b, ¢) of values from the value space, ifa=b and b =c, thena=c.

On ev

6.3.2

bry-datatype. the " ned in terms of the e property of the ’

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

Order

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

distinct value belongs to exactly one datatype, although it may belong to many subtypes of that\datatype (se]

bdel of datatypes used in this International Standard is said to be an "abstract computational model". Itis "co

f the information units themselves, rather than with the properties of theirepresentations in computer syste

is important to differentiate between the values, relationships and operations for a datatype and the representations of th
ips and operations in computer systems. This International Standard‘specifies the characteristics of the conceptual dataty|

to be appropriate to the abstract computational model, asiopposed to purely representational properties, which derive f]

information units" or "invocation of processing.elements", and these notions are important to the definition of characteriz

for any two instances (a;.b) of values from the value space, either a is equal to b, denoted a = b, or a is not ¢

erties, or

ction proce-

 8.2).

mputational”
bing of infor-
rceived prop-
ms.

ose values, re-
pes, but it only

properties are
om the nature

hotions of "ac-
ing operations

qual to b,

A value 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, either a < b or b < a, or both;
for any two values (a, b) from the value space, ifa<band b <a, thena=>b;

for any three values (a, b, ¢) from the value space, ifa<band b<c, thena<c.
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For convenience, the notation a <b is used herein to denote the simultaneous relationships: a<b 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:

* for any two values (a, b) from the value space, InOrder(a, b) is true if a < b, and false otherwise.

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 characteristic of an ordered datatype and may affect
the definition of other operations on the datatype.

6.3.3 Bound

5 in the
unded
is then
d and a

A datatype ip said to be bounded above if it is ordered and there is a value U in the value space such that, for all values
value space,[s < U. The value U is then said to be an upper bound of the value space. Similarly, a datatype is said to.be b
below if it if ordered and there is a value L in the space such that, for all values s in the value space, L <s. Thealue L
said to be a Jower bound of the value space. A datatype is said to be bounded if its value space has both an upper boun
lower bound.

NOTE — Thd
of the value s
lower bound,

upper bound of a value space, if it exists, must be unique under the equality relationship. Forif U1 and\U2 are both upper bounds
pace, then U1 < U2 and U2 < U1, and therefore U1 = U2, following the second rule for the orderfelationship. And similarly the
if it exists, must also be unique.

On every dafatype which is bounded below, the niladic operation Lowerbound is defined to yield that value which is th
bound of th¢ value space, and, on every datatype which is bounded above the niladic opetation Upperbound is defined t
that value which is the upper bound of the value space.

e lower
o yield

6.3.4  Cardinality

A value spage has the mathematical concept of cardinality: it may be finite, dénumerably infinite (countable), or non-den
bly infinite quncountable). A datatype is said to have the cardinality of itswalue space. In the computational model, th

pmera-
cre are

three signifi
* datat)
* datat)

* datat)
tiona

Every conce|

NOTE — Forf
representation
exist values W

6.3.5 Ex

The comput3
in the value

space, then t

Certain math

lowing sensd:

Let M b

ant cases:
pes whose value spaces are finite,

pes whose value spaces are exact (see 6.3.5) and deftimerably infinite,

pes whose value spaces are approximate (see 63.5), and therefore have a finite or denumerably infinite computa-

model, although the conceptual value space may be non-denumerably infinite.

ptually finite datatype is necessarily exact: No computational datatype is non-denumerably infinite.

a denumerably infinite value space, there-always exist representation algorithms such that no two distinct values have tl
and the representation of any given.yalue is of finite length. Conversely, ina non-denumerably infinite value space there]
hich do not have finite representations.

act and approximate

tional model of a.-datatype may limit the degree to which values of the datatype can be distinguished. If ever;
bpace of the conceptual datatype is distinguishable in the computational model from every other value in thq
he datatype issaid to be exact.

e same
always

value
value

ematical datatypes having values which do not have finite representations are said to be approximate, in the fol-

e the mathematical datatype and C be the corresponding computational datatype, and let P be the mapping fr

value space

bm the

- tothevatue spaceof € —Then for every value v~ in C, there is a corresponding value v in M and a real value A

such that P(x) = v’ for all x in M such that | v - x| < h. That s, v’ is the approximation in C to all values in M which are "within
distance & of value v". Furthermore, for at least one value v’ in C, there is more than one value yin M such that P(y) =v’. And
thus C is not an exact model of M.

In this International Standard, all approximate datatypes have computational models which specify, via parametric values, a de-

gree of approximation, that is, they require a certain minimum set of values of the mathematical datatype to be distinguishable
in the computational datatype.

NOTE — The computational model described above allows a mathematically dense datatype to be mapped to a datatype with fixed-length rep-
resentations and nonetheless evince intuitively acceptable mathematical behavior. When the real value /4 described above is constant over the

8
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value space, the computational model is characterized as having "bounded absolute error" and the result is a scaled datatype (8.1.9). When h
has the form ¢ * | v |, where c is constant over the value space, the computational model is characterized as having "bounded relative error”,

which

6.3.6

is the model used for the Real (8.1.10) and Complex (8.1.11) datatypes.

Numeric

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

NOTE — The significance of the numeric property is that the representations of the values depend on some radix, but can be algorithmically
transformed from one radix to another.

6.4

In thif

L

In adqg
chara

All pi
Some
are dg

are th|

this Igternational Standard defines a set of basic structural notions'(see 6.8) which can be recursively applied to pro

space]
those

NOTH
ofap
suffici
two p
for pr

Primitive and non-primitive datatypes

International Standard, datatypes are categorized, for syntactic convenience, into:
primitive datatypes, which are defined ab initio without reference to other datatypes, and

generated datatypes, which are specified, and partly defined, in terms of other datatypes.

ition, this International Standard identifies structural and abstract notions of datatypes. \The structural notion
cterizes the datatype as either:

conceptually atomic, having values which are intrinsicaily indivisibie, or

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

imitive datatypes are conceptually atomic, and therefore have, and-are/defined in terms of, well-defined ab
generated datatypes are conceptually atomic but are dependent on specifications which involve other datatyp
fined in terms of their abstract notions. Many other datat

emselves conceptually aggregates, being organized collections 'of accessible component values. For aggre

of a given generated datatype. The only abstract semantics assigned to such a datatype by this Internation
which characterize the aggregate value structure its€lf.

of a datatype

with specific

Stract notions.
es. These too
y atomic, but

te datatypes,

al
}uce the value

Standard are

— The abstract notion of a datatype is the semantics of the values of the datatype itself, as opposed to its utilization to
irticular information unit or a particular abstract objéct. The abstract and structural notions provided by this Internatio
ent to define its role in the universe of discourse between two languages, but not to define its role in the universe of di
ograms. For example, Array datatypes ar€ supported as such by both Fortran and Pascal, so that Array of Real has suffi
cedure calls between the two languages. By comparison, both linear operators and lists of Cartesian points may be repre

present values
1 Standard are

al
Iourse between

icient semantics
sented by Array

of Redl, and Array of Real is insufficient to distinguish those meanings in the programs.

6.5 | Datatype generator
A datatype generator is@aconceptual operation on one or more datatypes which yields a datatype. A datatype geng

on dafatypes to generate a datatype, rather than on values to generate a value. Specifically, a datatype generator is th
of:

rator operates
e combination

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

1 aconstruction procedure which, given a collection of datatypes meeting those criteria, creates a new value space from the

value spaces of those datatypes, and

ion of a new

A-COIIC
datatype.
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 dataype is sometimes called the resulting datatype, and the collection of datatypes to
which the datatype generator was applied are called its parametric datatypes.

6.6 Characterizing operations

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

NOTES

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

Add(one, two) = three; and Add(1,2) = 3; but Add(red, yellow) # green.
It is this characterizing operation (Add) which enables one to recognize that the first two datatypes are the same datatype, while the last is a
different datatype.

2. The chafacterizing operations for an aggregate datatype are compositions of characterizing operations for its datatype generator-with char-
acterizing operations for its component datatypes. Such operations are, of course, only sufficient to identify the datatype as a stracturg.

3. The chafacterizing operations on a datatype may be:
a) nilpdic operations which yield values of the given datatype,
b) mdgnadic operations which map a value of the given datatype into a value of the given datatype or into a value.of datatype Boolean,
c)  dyhdic operations which map a pair of values of the given datatype into a value of the given datatype of\into a value of datgtype
Bdolean,
d) n-3dic operations which map ordered n-tuples of values, each of which is of a specified datatype,dvhich may be the given dIa
or f parametric datatype, into values of the given datatype or a parametric datatype.

tatype

4.  In generl, there is no unique collection of characterizing operations for a given datatype. This International Standard specifies pne col-
lection of chalacterizing operations for each datatype (or datatype generator) which is sufficient to:distinguish the (resulting) datatype from all
other datatypgs with value spaces of the same cardinality. While some effort has been made to minimize the collection of characterizing oper-
ations for each datatype, no assertion is made that any of the specified collections is minimal,

5. InOrderlis always a characterizing operation on ordered datatypes (see 6.3.2).

6.7 Datatype families

If there is a pne-to-one symbol substitution which maps the entire value space of one datatype (the domain) into a subsef of the
value space ¢f another datatype (the range) in such a way that thevalue relationships and characterizing operations of the gomain
datatype are|preserved in the corresponding value relationshiips and characterizing operations of the range datatype, and |f there
are no additipnal characterizing operations on the range.datatype, then the two datatypes are said to belong to the same family of
datatypes. An individual member of a family of datatypes is distinguished by the symbol set making up its value space.|In this
Internationa) 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.

6.8 Aggregate datatypes

An aggregate datatype is a gencrated datatype, each of whose values is, in principle, made up of values of the parjmetric
datatypes. The parametric datatypes of an aggregate datatype or its generator are also called component datatypes. An|aggre-
gate datatypp generator genefates a datatype by

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

« providing arset of characterizing operations specific to the generator.

Unlike othet génerated datatypes, it is characteristic of aggregate datatypes that the component values of an aggregate vdlue are
accessible through characterizing operations.

Aggregate datatypes of various kinds are distinguished one from another by properties which characterize relationships among

the component datatypes and relationships between each component and the aggregate value. This subclause defines those prop-
erties.

The properties specific to an aggregate are independent of the properties of the component datatypes. (The fundamental prop-
erties of arrays, for example, do not depend on the nature of the elements.) In principle, any combination of the properties spec-
ified in this subclause defines a particular form of aggregate datatype, although most are only meaningful for homogeneous ag-
gregates (see 6.8.1) and there are implications of some direct access methods (see 6.8.5).

10
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6.8.1 Homogeneity

An aggregate datatype is homogeneous, if and only if all components must belong to a single datatype. If different components
may belong to different datatypes, the aggregate datatype is said to be heterogeneous. The component datatype of a homoge-
neous aggregate is also called the element datatype.

NOTES

1. Homogeneous aggregates view all their elements as serving the same role or purpose. Heterogeneous aggregates divide their elements
into different roles.

2. The aggregate datatype is homogeneous if its components all belong to the same datatype, even if the element datatype is itself an heter-
ogeneous-aggregate-datatypeConsider the datatype label list defined by:

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

Formally, a label_list value is a homogeneous series of label values. One could argue that it is really a series of heterogeneous yalues, because
every label value is of a choice datatype (see 8.3.1). Choice is clearly heterogeneous because it is capable of introdu¢ing variafion in element
type. But Sequence (see 8.4.4) is homogeneous because it itself introduces no variation in element type.

6.8.2| Size

The sige of an aggregate-value is the number of component values it contains. The size of the’aggregate datatype i$ 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 a

bregate datatype may have different numbers of component values. Variability)is the more general case; fixed-size is a
pint.

An aglgregate-value has the uniqueness property if and only if no value of the element datatype occurs more than once in the

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)"Tt is also distinct from the value-space of the aggregate datatype being or-

EXAMPLE — The type-generator sequence has-the ordering property. The datatype characterstring is defined as
sequence of (character(repertoire)). Théordering property of sequence means that in every value of type characterstring, there is a first
characler value. For example, the first element value of the characterstring value “‘computation” is ’c’. This is different from the question of
whethgr the element datatype character(repertoire) is ordered: is "a’ < ’c’? It is also different from the question of whether the value space
of datgtype characterstring is ordered-by some collating-sequence: is “computation” < “Computer”?

6.8.5 Access method

The apcess method for'an aggregate datatype is the property which determines how component values can be exfracted from a
given [aggregate-value.
An aglgregate ‘datatype has a direct access method, if and only if there is an aggregate-imposed mapping between|values of one
or mofe “index” (or “key”) datatypes and the component values of each aggregate value. Such a mapping is requiregl to be single-

valued,Gize. “there is at most one element of each aggregate value which corresponds to each (composite) valug of the index
datatype p EDATE = = TIOTTBE e orke S —

U D Ol d dy P Od dalatyp U D O d O y ddldlyp dPyP D d as.

An aggregate datatype is said to be indexed, if and only if it has a direct access method, every index datatype is ordered, and an
element of the aggregate value is actually present and defined for every (composite) value in the value space of the index
datatype(s). Every indexed aggregate datatype has a fixed size, because of the 1-to-1 mapping from the index value space. In
addition, an indexed datatype has a "partial ordering" in each dimension imposed by the order relationship on the index datatype
for that dimension; in particular, an aggregate datatype with a single ordered index datatype implicitly has the ordering imposed
by sequential indexing.

An aggregate datatype is said to be keyed, if and only if it has a direct access method, but either the index datatypes or the map-
ping do not meet the requirements for indexed. That is, the “index” (or “key”) datatypes need not be ordered, and a value of the

11
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aggregate datatype need not have elements corresponding to all of the key values.

An aggregate datatype is said to have only indirect access methods if there is no aggregate-imposed index mapping. Indirect
access may be by position (if the aggregate datatype has ordering), by value of the element (if the aggregate datatype has unique-
ness), or by some implementation-dependent selection mechanism, modelled as random selection.

NOTES

1.  The access methods become characterizing operations on the aggregate types. It is preferable to define the types by their intrinsic prop-

erties and to see these access properties be derivable characterizing operations.

2. Sequence (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
o o PR PR PN e b o dacicsad alosaos s o L, ¢¢ oo PP TPRPUPRY oS e o s PR desired

because the afcess operation for a given element is “find the element whose index is i”” — the ith element can be accessed withoutaceesping any
other element in the given Array. Of course, if the Array element which satisfies a condition not related to the index value is Wanted, access
would be indjrect.

6.8.6  Rpcursive structure

A datatype {s said to be recursive if a value of the datatype can contain (or refer to) another value of the datatype. In this Inter-

national Stahdard, recursivity is supported by the type-declaration facility (see 9.1), and recursive datatypes can be described us-
ing type-de?laration in combination with choice datatypes (8.3.1) or pointer datatypes (8.3.2))\Thus recursive structurg is not
considered fo 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 seqpence of
elements each of which can be an atom or a list. This datatype can be described using the Tre¢ datatype generator defined in 10.2.2.

7 Elements of the Datatype Specification Language

This Interndtional Standard defines a datatype specification language,'in order to formalize the identification and declarftion of
datatypes conforming to this International Standard. The language is a subset of the Interface Definition Notation defined in
ISO/IEC 13B86:1996, Information technology — Programmingldanguages — Language-independent procedure calling, which
is completely specified in Annex D. This clause defines the basic syntactic objects used in that language.

7.1 IDN|character-set

The followipg productions define the character-set of the datatype specification language, summarized in Table 7-1.
Table 7-1 — IDN Character Set
Syntax Characters
letter abcdefghijklmnopqrstuvwxyz
digit 0123456789
specjal . , : ; -
(parentheses)  (full stop) (comma) (colon) (semicolon) (hyphen nfinus)
{} / * A = []
(curly brackets) (solidus) (asterisk) (circumflex) (equals sign) (square br|ackets)
underscore——
(low line)
apostrophe ’
(apostrophe)
quote "
(quotation mark)
escape !
(exclamation mark)
space

12
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Ietter = llall I "bll | "CII | Ildl| | llell | Ilf“ | ||g“ l “hll I Ilill ' lljll | n kll I II'II | llmll I
llnll l IIOII I Ilpll | Ilqll | Ilrll | llsll | lltll I ||ulf l llvll | IIWII I llxll | llyll I IlZII .
digit - IIOII I ll1 " I II2II | |I3II ' ll4ll ' ll5ll I II6II | II7II I II8II I Ilgll )
special - ll(ll I II)II I ll. n I " ,ll | Il:ll I Il;ll | "=|| | ||/II I ke I II_II l ll{ll I Il}ll | II[II I |l] " .
underscore =  "_"
apostrophe = "
quote — m
escape = "
Space = " 11
pound-character = non-quote-character | quote .
hdded-character = not defined by this International Standard .
Thes¢ productions are nominal. Lexical productions are always subject to minor changes from implementation tp implementa-
tion, jn order to handle the vagaries of available character-sets. The following rules, however, always apply:
1) [The bound-characters, and the escape character, are required in any implementation to/be associated with particular mem-
bers of the implementation character set.
2) [The character space is required to be bound to the "space" member of ISO/IEC 10646-1: 1993, but it only has meaning with-
n character-literals and string-literals.
3) | bound-character is required to be associated with the member having theccorresponding symbol, if any, in gny implemen-
lation character-set derived from ISO/IEC 10646-1:1993, except that nésignificance is attached to the "case|' of letters.
4) |An added-character is any other member of the implementation character-set which is bound to the member having the cor-
responding symbol in an ISO/IEC 10646-1 character-set.
7.2 | Whitespace
A sefjuence of one or more space characters, except within a character-literal or string-literal (see 7.3), shall [be considered
whitdspace. Any use of this International Standard may: define any other characters or sequences of characters ngt in the above
chargcter set to be whitespace as well, such as horizontal and vertical tabulators, end of line and end of page indi¢ators, etc.
A cofnment is any sequence of characters beginning with the sequence "/*" and terminating with the first occurrgnce thereafter
of th¢ 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
whitg¢space.
Any two lexical objects which-occur consecutively may be separated by whitespace, without effect on the intergretation of the
syntdctic construction. Whitespace shall not appear within lexical objects.
Any [two consecutive-Keywords or identifiers, or a keyword preceded or followed by an identifier, shall bg separated by
whitgspace.
7.3 | Lexical objects
The

€XICal ODJECts are all terminal Symbols €Xcept those aelined in /.1, and the ODJECts tdentifier, digil-siring, chn

string-literal.

7.3.1

Identifiers

racter-literal,

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

of so

me datatype.

identifier = letter { pseudo-letter } .
pseudo-letter = letter | digit | underscore .

13
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Table 7-2 — Reserved Keywords

array choice default excluding from in inout
new of out plus pointer procedure raises
range record returns selecting size subtype table
termination to type value

Multiple identifiers with the same spelling are permitted, as long as the object to which the identifier refers can be determined by

the followingrales:

1)  An idenfifier X declared by a type-declaration or value-declaration shall not be declared in any other declaration;

2) The identifier X in a component of a type-specifier (Y) refers to that component of Y which Y declares X to identify, i
or whatdver X refers to in the type-specifier which immediately contains Y, if any, or else the datatype or.value whic
declared to identify by a declaration.

7.3.2 Digit-string

A digit-string is a terminal-symbol consisting entirely of digits. It is used to designate a value of some datatype, with thej
pretation spe¢ified by that datatype definition.

digit-strjng = digit { digit } .
7.3.3 Character-literal and string-literal

A characterditeral is a terminal-symbol delimited by apostrophe characters. It is used to designate a value of a ch:
datatype, as gpecified in 8.1.4.
character-literal = ™" any-character """ .
any-character = bound-character | added-character | gscape-character .
escapefcharacter = escape character-name escape
character-name = identifier { " " identifier } .

A string-liteqal is a terminal-symbol delimited by quate characters. It is used to designate values of time datatypes (
bitstring datatypes (10.1.4), and characterstring datatypes (10.1.5), with the interpretation specified for each of those data

string-liferal = quote { string-character } quote .

ord refers\to any terminal symbol which also satisfies the production for identifier, i.e. is not composed of §

characters. The keywords appearing in Table 7-2 are "reserved", in the sense that none of them shall be interpreted as an

any,
Xis

inter-

jracter

B.1.6),
Lypes.

d oth-

pecial
denti-

fier. All othdr keywords appearing in this International Standard shall be interpreted as predefined identifiers for the datatype or

type-generatgrto which this International Standard defines them to refer.

NOTE — All of the above keywords are reserved because they introduce (or are part of) syntax which cannot validly follow an identifier for a
datatype or type-generator. Most datatype identifiers defined in Clause 8 are syntactically equivalent to a type-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 Interna-

tional Standard. All annotations shall have the form:

annotation = “[* annotation-label ":" annotation-text "]" .

14
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annotation-label = objectidentifiercomponent-list .
annotation-text = not defined by this International Standard .

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 annota-
tion and the syntactic object(s), if any, to which the annotation applies. The objectidentifiercomponent-list shall have the struc-
ture and meaning prescribed by clause 10.1.10.

NOTE — Of the several forms of objectidentifiercomponent-value specified in 10.1.10, the nameform is the most convenient for labelling an-

"o

notations. Following ISO/IEC 8824:1990, every value of the objectidentifier datatype must have as its first component one of "iso", "ccitt", or
"joint-iso-ccitt", 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:

J value rpc : objectidentifier = { iso(1) standard(0) 11578 },
and th4t identifier may then be used as the first (or only) component of an annotation-label, as in:
[rpc: discriminant = n].
(This gxample is fictitious. ISO/IEC 11578:1995 does not define any annotations.)
Non-sthndard 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 orlinternational regigtration author-

1ty.

7.5 |Values

The identification of members of a datatype family, subtypes of a datatype, and the.resulting datatypes of datatype generators
may r¢quire the syntactic designation of specific values of a datatype. For this reason, this International Standard provides a no-
tation for values of every datatype that is defined herein or can be defined using the features provided by clause |0, except for
datatypes for which designation of specific values is not appropriate.

A valge-expression designates a value of a datatype. Syntax:

Vfalue-expression = independent-value | dependent-value | formal-parametric-value .

An inflependent-value is a syntactic construction which resolves to a fixed value of some LI datatype. A dependent-value is a
syntadtic construction which refers to the value possessed’by another component of the same datatype. A formal-parametric-
value fefers to the value of a formal-type-parameter in a\type-declaration, as provided in 9.1.
751 Independent values

An inflependent-value designates a specific fixed value of a datatype. Syntax:

ndependent-value = explicit-value | value-reference .

gxplicit-value = boolean-iiteral | state-literal | enumerated-literal | character-literal

| ordinal-literal | time-literal | integer-literal | rational-literal

| scaled-literal | real-literal | complex-literal | void-literal

| extended-literal | pointer-literal | procedure-reference | string-literal
| ¢bitstring-literal | objectidentifier-value | choice-value | record-value
|~set-value | sequence-value | bag-value | array-value | table-value .
value-reference = value-identifier .

nroceduresreference = procedure-identifier .

An explicitvalue uses an explicit syntax for values of the datatype, as defined in clauses 8 and 10. A value-reference designates
the value-associated with the value-identifier by a value-declaration, as provided in 9 A % ence dlesignates the
value of a procedure datatype associated with a procedure-identifier, as described in 8.3.3.

efe

4 d

NOTES

1. Two syntactically different explicit-values may designate the same value, such as rational-literals 3/4 and 6/8, or set of (integer) values
(1,3,4) and (4,3,1).

2. The same explicit-value syntax may designate values of two different datatypes, as 19940101 can be an Integer value, or an Ordinal val-
ue. In general, the syntax requires that the intended datatype of a value-expression can be determined from context when the value-expression
is encountered.
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3. The IDN productions for value-reference and procedure-reference appearing in Annex D are more general. The above productions are
sufficient for the purposes of this International Standard.

7.5.2 Dependent values

When a parameterized datatype appears within a procedure parameter (see 8.3.3) or a record datatype (see 8.4.1), it is possible
to specify that the parametric value is always identical to the value of another parameter to the procedure or another component

within the record. Such a value is referred to as a dependent-value. Syntax:

depen

dent-value = primary-dependency { component-reference } .

primary-dependency = field-identifier | parameter-name .

component-reference

field-identifier | "*" .

A type-spec
pendent-val,
value is said
datatype.

The primary
the data-dep
erated datat
an immedia
contains the

When the syibject datatype is a procedure datatype, the primary-dependency shall be a\parameter-name and shall identi

rameter of t|
"inout", the

which contdins the data-dependent type is the return-parameter or has direction*'out", then the primary-dependency ma

nate any paj
then the pri

e. Thus, exactly one type-specifier involves a given dependent-value. A type-specifier which involves-adep

to be a data-dependent type. Every data-dependent type shall be the datatype of a component of some ge
-dependency shall be the identifier of a (different) component of a procedure or record datatype which (also)
ype of which it is a component will be referred to as the subject datatype. That is; the subject datatype sh

le component to which the primary-dependency refers, and a different immediate component which, at som
data-dependent type.

he subject datatype. If the direction of the parameter (component) which contains the data-dependent type i
I the direction of the parameter designated by the primary-dependency.shall also be "in" or "inout". If the pal

mary-dependency shall designate another parameter in the same termination-parameter-list.

ifier x is said to involve a dependent-value if x contains the dependent-value and no component of x contains| the de-

endent-
nerated

ontains

endent type. The component so identified will be referred to in the following as the primary component; the gen-

hll have
e level,

fy a pa-
"in" or
rameter
desig-

ameter in the parameter-list. If the parameter which containg\the data-dependent type is a termination parameter,

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

subject datatype.

When the dppendent-value contains no component-references, it refers to the value of the primary component. Otherwise, the

primary comiponent shall be considered the "0Oth compotient-reference”, and the following rules shall apply:

1) If the Ath component-reference is the last comiporent-reference of the dependent-value, the dependent-value shall rgfer to
the valpie to which the nth component-reference refers.

2) If the Ath component-reference is not thelast component-reference, then the datatype of the nth component-referenge shall
be a reford datatype or a pointer datatype.

3) If the Ath component-reference(is not the last component-reference, and the datatype of the nth component-referende is a
record (datatype, then the (n+'/)th component-reference shall be a field-identifier which identifies a field of that recgrd
datatype; and the (n+1)th eomponent-reference shall refer to the value of that field of the value referred to by the nth com-
ponenttreference.

4)  If the Ath component-reference is not the last component-reference, and the datatype of the nth component-referende is a
pointer| datatype, then the (n+1)th component-reference shall be "*"; and the (n+1)th component-reference shall refef to the
value resulting from Dereference applied to the value referred to by the nth component-reference.

NOTES

1.

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

2.

than once in such a hierarchy, according to the scope rules specified in 7.3.1.

3.

The datatype which involves a dependent-value must be a component of some generated datatype, but that generated datatype may itself
The primary component, and thus the subject datatype, cannot be ambiguous, even when the primary-dependency identifier appears more

In the same wise, an identifier which may be either a value-identifier or a dependent-value can be resolved by application of the same

scope rules. If the identifier X is found to have a "declaration" anywhere within the outermost type-specifier which contains the reference to
X, then that declaration is used. If no such declaration is found, then a declaration of X in a "global" context, e.g. as a value-identifier, applies.
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8

Datatypes

This clause defines the collection of LI datatypes. A LI datatype is either:

+ a datatype defined in this clause, or
« a datatype 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:

ISO/IEC 11404:1996 (E)

« 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 T thelT prLiﬁLdliUll. Gererated damtypca arc apcbiﬁcd impliuitiy 'uy TIeans of cxpliuit SP
datatype generators, which themselves embody independent abstract notions.

ments to primitive and generated datatypes and to datatype generators.
o specification of the means of defining subtypes of the datatypes defined by any of the foregoing methods.

A refgrence to a LI datatype is a type-specifier, with the following syntax:

A typg-specifier shall not be a formal-parametric-type, except in some cases in type-declarations, as provided by

This (

in thelsyntactic designations for subtypes and for some primitive datatypes.

NOTHS

1

LI dathtype defined in this clause always refers to the datatype so defined:

2.

m

usage, but nevertheless do not necessarily correspond to the names of equivalent datatypes in actual languages. The same appl
and symbols for the operations associated with the datatypes,.and to the syntax for values of the datatypes.

8.1

A da

Primitive datatypes

LI da}atypes shall be defined by this International Standard.

Each

primitive-type = boolean-type-/| state-type | enumerated-type | character-type
| ordinal-type | time-type | integer-type | rational-type
| scaled=type | real-type | complex-type | void-type .

mal name for the ddtatype, and the datatype is defined by a single occurrence of the following template:

Description: prose description of the conceptual datatype.

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

Parametric values: identification of any parametric values which are necessary for the complete identificatio

ification of

o specification of the means of datatype declaration, which permits the association of additional identifiers|and refine-

type-specifier = primitive-type | subtype | generated-type | type-referencé/| formal-parametrid-type .

rlause 9.1.3.

lause also provides syntax for the identification of values of LI datatypes.~Notations for values of datatypes are required

For convenience, or correctness, some datatypes and characterizing 6perations are defined in terms of other LI datatypes. The use of a

he names used in this International Standard to identify the datatypes are derived in many cases from common programiming language

es to the names

atype whose value space is defined either axiomatically or by enumeration is said to be a primitive datatype| All primitive

primitive datatype,)or datatype family, is defined by a separate subclause. The title of each such subclause gives the infor-

h 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: nNUMeric or non-numeric, approximate or exact, unordered or ordered and, if ordered,

bounded or unbounded.
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Operations: definitions of characterizing operations.

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

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 formai parameters of the operation

in the form:
parameter-name : parameter-datatype, or

parameter-name, , parameter-name, : parameter-datatype.

The operatign-name is an identifier unique only within the datatype being defined. The parameter-names are formal identifiers
appearing in the formal- or prose-definition. Each is understood to represent an arbitrary value of the datatype designated by
parameter-datatype, and all occurrences of the formal identifier represent the same value in any application of the'opératign. The

result-datatype indicates the datatype of the value resulting from an application of the operation. A formal-definition defines the

vvvvvvvvvvv 3

operation in|terms of other operations and constants. A prose-definition defines the operation in somewhat formalized [natural
language. When there are constraints on the parameter values, they are expressed by a phrase beginning"'where" immgdiately

hafora tha —|a ig
oCi0IC i€ =|0r iS.

In some oppration definitions, characterizing operations of a previously defined datatype \are referenced with thg form:
datatype.opg¢ration(parameters), where datatype is the type-specifier for the referenced datatype and operation is the nape of a

characterizing operation defined for that datatype.

8.1.1 Boolean

Description]{ Boolean is the mathematical datatype associated with two-valuedlogic.

CQvuntay:*

Syntax:
boolegn-type = "boolean" .

Parametric Yalues: none.

Values: "trye", "false", such that true # false.

Value-syntak:
boolegn-literal = "true" | "false" .

Properties: finordered, exact, non-numeric.
Operations: [Equal, Not, And, Or.

Equal(X, y: boolean): boolean is defined by tabulation:
X y Equal(x,y)
trye  true true
trye false false
false true false
false false true

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

X Neot(x)
trye  false
false~_ ‘true

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

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

NOTE — Either And or Or is sufficient to characterize the boolean datatype, and given one, the 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.
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8.1.2 State

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

Syntax:
state-type = "state" "(" state-value-list ")" .
state-value-list = state-literal { "," state-literal } .
state-literal = identifier .

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

Values: The value space of a state datatype is the set comprising exactly the named values in the state-value-list, each of which

iTlesAgﬂa(ed-by a-unique-siate-literal:
Valueqsyntax:

slate-literal = identifier .

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

Ejual(x, y: state(state-value-list)): boolean is true if x and y designate the same valuein‘the state-value-list,
and false otherwise.

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

EXAMPLE — The declaration:
type switch = new state (on, off);

defines|a state datatype comprising two distinguished but unordered values, which supports the characterizing operation:
Invert(x: switch): switch is if x = off then on, else off.

8.1.3 Enumerated

iption: Enumerated is a family of datatypes, each ofwhich comprises a finite number of distinguished valuep having an

enumerated-type = "enumerated" "(!.'enumerated-value-list ")" .

tric Values: Each enumerated-literal identifier shall be distinct from all other enumerated-literal identifiers of the same

: The value space of.an'enumerated datatype is the set comprising exactly the named values in the enumeratgd-value-list,
eqch of which is designated by a unique enumerated-literal. The order of these values is given by the sequerjce of their
ofcurrence in the.enumerated-value-list, designated the naming sequence.

Value{syntax:
umerated-literal = identifier .

n erumerated-literal denotes that value of the enumerated datatype which has the same identifier.

< ordered, exact non-numeric_bounded

Propeitti

Operations: Equal, InOrder, Successor

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

InOrder(x, y: enumerated(enum-value-list)): boolean, denoted x <y, is true if x =y or if x precedes y in the naming
sequence, else false.

Successor(x: enumerated(enum-value-list)): enumerated(enum-value-list) is
if for all y: enumerated(enum-value-list), x <y implies x =y, then undefined;
else the value y: enumerated(enum-value-list), such that x <y and for all z # x, x < z implies y < z.
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NOTE — Other uses of the IDN syntax make stronger requirements on the uniqueness of enumerated-literal identifiers.
8.1.4  Character

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

Syntax:
character-type = “character” [ "(" repertoire-iist ")" ] .
repertoire- Ilst repertonre |dent|f|e "" repertoire-identifier } .

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 to a character-set. A repertozre ldentzﬂer shall notbe a formal-parametrzc -value except

cases ln GCCIa.raIlonb kbCC 7 l) All reperwlre lae’llljlerb lll a glVCl’l reperwtre ll.)l blldll UCblglldlC bUUbClb 01 the
same reference character-set. When repertoire-list is not specified, it shall have a default value. The means forspecification

Values: Thg value space of a character datatype comprises exactly the members of the character-sets identified by the regertoire-
list. In cases where the character-sets identified by the individual repertoire-identifiers have members.in common, the value

Q rantar dotntx + te (vrithant dunlicats
pace ¢f the character datatype is the (set) union of the character-sets (without duplication).

Value-syntgx:
charagter-literal =
any-character = bound-character | added character | escape-character :

-character = non-quote-character | quote .

non-quote-character = letter | digit | underscore | special | apostiéphe | space .

-character = not defined by this International Standard .

escape-character = escape character-name escape .

charagter-name = identifier { " " identifier } .

wn wn

any- characte

\aracter

Every [character-literal denotes a single member of the character=set identified by repertoire-list. A bound-charadter de-
notes that member which is associated with the symbol for the'bound-character per 7.1. An added-character dendtes that
member which is associated with the symbol for the added-character by the implementation, as provided in 7.1. Anlescape-
charagter denotes that member whose "character name!' in the (reference) character-set identified by repertoire-lisy is the
same ds character-name.

Properties: |unordered, exact, non-numeric.
Operations] Equal.

Equal(x, y: character(repertoire-list))-boolean is true if x and y designate the same member of the character-set giyen by
r¢pertoire-list, and false otherwise.

NOTES

1. The CHaracter datatypes are.distinct from the State datatypes in that the values of the datatype are defined by other standards rather than
by this Interpational Standard erby the application. This distinction is semantically unimportant, but it is of great significance in afy use of
these standaids.

2. The stapdardization'of repertoire-identifier values will be necessary for any use of this International Standard and will of necessily extend
to character ets which'are defined by other than international standards. Such standardization is beyond the scope of this Internatiohal Stan-
dard. A partlallistof the international standards defining such character-sets is included, for informative purposes only, in Annex A

3. While an order relationship is important in many applications of character datatypes, there is no standard order for any of the International
Standard character sets, and many applications require the order relationship to conform to rules which are particular to the application itself
or its language environment. There will also be applications in which the order is unimportant. Since no standard order of character-sets can
be defined by this International Standard, character datatypes are said to be "unordered", meaning, in this case, that the order relationship is an
application-defined addition to the semantics of the datatype.

4. The terms character-set, member, symbol and character-name are those of ISO/IEC 10646-1:1993, but there should be analogous notions
in any character set referenceable by a repertoire-identifier.

5. The value space of a Character datatype is the character set, not the character codes, as those terms are defined by ISO/IEC 10646-1:1993.

The encoding of a character set is a representation issue and therefore out of the scope of this International Standard. Many uses of this Inter-
national Standard, however, may require the association to codes implied by the repertoire-identifier.
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6.  An occurrence of three consecutive APOSTROPHE characters (***) is a valid character-literal denoting the APOSTROPHE character.

EXAMPLE — character({ iso standard 8859 part 1 }) denotes a character datatype whose values are the members of the character-set spec-
ified by ISO 8859-1 (Latin alphabet No. 1). Itis possible to give this datatype a convenient name, by means of a type-declaration (see 9.1), e.g.:

type Latin1 = character({ iso standard 8859 1 });
or by means of a value-declaration (see 9.2):

value latin : objectidentifier = { iso(1) standard(0) 8859 part(1) };.
Now, the colon mark (:) is a member of the ISO 8859-1 character set and therefore a value of datatype Latinl, or equivalently, of datatype
character(latin). Thus, ’:” and *!colon!’, among others, are valid character-literals denoting that value.

8.1.5 Ordinal

Descifiption: Ordinal is the datatype of the ordinal numbers, as distinct from the quantifying numbers (datatype Intdger). Ordinal
is the infinite enumerated datatype.
Synt;
rdinal-type = "ordinal" .

Parametric Values: none.

Valugs: the mathematical ordinal numbers: "first", "second", "third", etc., (a denumerably infinite list).
Valug-syntax:

prdinal-literal = number .

humber = digit-string .

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

Propgrties: ordered, exact, noninumeric, unbounded above, bounded.below.

Operjtions: Equal, InOrder, Successor

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

nOrder(x,y: ordinal): boolean, denoted x <y, is trug;if x =y or if x precedes y in the ordinal numbers, else false.

Buccessor(x: ordinal): ordinal is the value y: ordinal, such that x <y and for all z# x, x <z implies y < z.
8.1.4§ Date-and-Time

Descfiption: Date-and-Time is a family of ‘datatypes whose values are points in time to various common resolutipns: year,
month, day, hour, minute, second,tand fractions thereof.

Syntgx:

ime-type = "time" "("_time-unit [ “," radix "," factor 1")" .
ime-unit = "year" |~"month" | "day" | "hour" | "minute" | "second" | formal-parametric-value|.
radix = value-expression .
actor = value-expression .

Parametric Valuesy Time-unit shall be a value of the datatype state(year, month, day, hour, minute, second), dgsignating the
init to which the point in time is resolved. If radix and factor are omitted, the resolution is to one of the specifjed time-unit.
f present; radix shall have an integer value greater than 1, and factor shall have an integer value. When radjix and factor

are present, the resolution is to one radix(74°%") of the specified time-unit. Time-unit, and radix and factor if|present, shall

baot-he formal paramatyico ualiioc aveant 1n ocoma nnocnrrancac 1n daclarationg (cea Q 1)
10+D66 GFraHeH e sam s FRE t -+

Values: The value-space of a date-and-time datatype is the denumerably infinite set of all possible points in time with the reso-
lution (time-unit, radix, factor).

Value-syntax:
time-literal = string-literal .

A time-literal denotes a date-and-time value. The characterstring value represented by the string-literal shall conform to
ISO 8601:1988, Representation of dates and times. The time-literal denotes the date-and-time value specified by the char-
acterstring as interpreted under ISO 8601:1988.
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Properties: ordered, exact, non-numeric, unbounded.
Operations: Equal, InOrder, Difference, Round, Extend.

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

InOrder(x, y: time(time-unit, radix, factor)): boolean is true if the point in time designated by x precedes that designated by
y; else false.
Difference(x, y: time(time unit, radix, factor)): timeinterval(time-unit, radix, factor) is:

3€ TnNrda than tha mhar Af tima_nnite nf tha ~ifiad racnln tha titne v and tha tima v-
ll lllUlUDl \]\,)’ }, I.ll\all lll\f llulllU\/l Ul lllll\t U1 VU1 v Ol.l\/\/lll\-ru I\JDUIULIUII Ulaybllls UClWCDIl lllb lllllb A Allu uiv uliv J y

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

Extend. rts] tores2(x tlme(umtl radix], factor] ))' time(unit2, radix2, factorZ) where the resolution (res2) specmed by

(um < raalxz ]acwrz) is more prease than the resolution \re.sl) prLlIlCU Dy \umu raatx1 ]aCIOI"l }, is thatyvaljue of

timg(unit2, radix2, factor2) which designates the first instant of time occurring within the span of time(unit2, radix2,
factpr2) identified by the instant x.

Round.r¢sltores2(x: time(unitl, radixl, factorl)): time(unit2, radix2, factor2), where the resolution (res2) specified py

(unit2, radix2, factor2) is less precise than the resolution (res!) specified by (unitl, radixl, factorT), is the largest palue
v afltimalimit?) vadiv) fartar)) ecnich that InDrdarFEyvtand socDtaracl{v) v

J Vil uaia wiie s, 14liAL, JAliUr4 ) Suvil uial MNJIUCIUDAWIUL T COLI1UTESI\Y )y A ).

NOTE — The pperations yielding specific time-unit elements from a time(unit, radix, factor) value, e.g. \¥éaf, Month, DayofYear, IDayof-
Month, TimeofDav. Hour, Minute Qpr\nnrl can be derived from pnnnd thpnd and Difference.

VA0, 2 IEACOIpSay, 20Ul Uy, SOL0NG, Lail Uv GUIIVOU 11U AN0unG, DAl 113 2-111 0L CIN

EXAMPLE — time(second, 10, 0) designates a date-and-time datatype whose values are points ift tilne with accuracy to the second.
"19910401T120000" specifies the value of that datatype which is exactly noon on April 1, 1991 {universal time.

8.1.7 Integer

Description: Integer is the mathematical datatype comprising the exact integral*values.

Syntax:
integer-fype = ‘integer"

Parametric V3lues: none.

Values: Mathematically, the infinite ring produced from the additive identity (0) and the multiplicative identity (1) by requiring
0<1and Add(x,1) #y for any y <x. Thatis: ..., -23£1, 0, 1, 2, ... (a denumerably infinite list).

Value-syntax
integer-literal = signed-number .
signed-pumber = [ "-" ] number .
number| = digit-string .

An integpr-literal denotes an integer value. If the negative-sign ("-") is not present, the value denoted is that of the djgit-
string inferpreted as a decimahnumber. If the negative-sign is present, the value denoted is the negative of that value|.
Properties: ofdered, exact, numeric, unbounded.
Operations: Kqual, InOrdér;-NonNegative, Negate, Add, Multiply.
Equal(x,|y: integer):*boolean is true if x and y designate the same integer value, and false otherwise.

Add(x,y]intéger): integer is the mathematical additive operation.

Multiply

Negate(x: integer): integer is the value y: integer such that Add(x, y) = 0.

NonNegative(x: integer): boolean is
true if x = 0 or x can be developed by one or more iterations of adding 1,
i.e. if x = Add(1, Add(1, ... 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:
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Quotient(x, y: integer): integer, where 0 <y, is the upperbound of the set of all integers z such that Multiply(y,z) < x.
Remainder(x, y: integer): integer, where 0 < x and 0 <y, = Add(x, Negate(Multiply(y, Quotient(x,y))));

8.1.8 Rational

Description: Rational is the mathematical datatype comprising the "rational numbers".

Syntax:
rational-type = "rational" .

Parametric Values: none.

Values:—=

rafional-literal = signed-number [ "/* number ] .

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

Promote(signed-number),

anfl the rational value denoted by the form signed-number/number is:
Multiply(Promote(signed-number), Reciprocal(Promote(number))).

Propertles: ordered, exact, numeric, unbounded.

Operatipns: Equal, NonNegative, InOrder, Negate, Add, Multiply, Reciprocal, Promote.
Equal(x, y: rational): boolean is true if x and y designate the same rationalnumber, and false otherwise.
Prpmote(x: integer): rational is the embedding isomorphism between the integers and the integral rational valups.
Add(x,y: rational): rational is the mathematical additive operation,
Multiply(x, y: rational): rational is the mathematical multiplicative operation.
Nggate(x: rational): rational is the value y: rational such that-Add(x, y) = 0.
Rdciprocal(x: rational): rational, where x # 0, is the valde y: rational such that Multiply(x, y) = 1.

NonNegative(k: rational): boolean is defined by;:
For every rational value k, there is a non-negative integer s, such that Multiply(n,k) is an integral value, apd:
NonNegative(k) = integer.NonNegative(Multiply(n,k)).

InDrder(x,y: rational): boolean = NonNegative(Add(x, Negate(y)))
8.1.9 | Scaled

Descriition: Scaled is a family of-datatypes whose value spaces are subsets of the rational value space, each individgal datatype
hayving a fixed denominator;-but the scaled datatypes possess the concept of approximate value.

Syntax
scaled-type = ‘scaled" "(" radix "," factor )" .
raflix = value-expression .
fagtor = valde-expression .

Parameftric’'Values: Radix shall have an integer value greater than 1, and factor shall have an integer value. Radix and factor
shhllhot be formal-parametric-values except in some occurrences in declarations (see 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-syntax:
scaled-literal = integer-literal [ "*" scale-factor ] .
scale-factor = number "A" signed-number .
A scaled-literal denotes a value of a scaled datatype. The integer-literal is interpreted as a decimal integer value, and the

scale-factor, if present, is interpreted as number raised to the power signed-number, where number and signed-number are
expressed as decimal integers. Number should be the same as the radix of the datatype. If the scale-factor is not present,

23


https://standardsiso.com/api/?name=06bd919a7ce9da5dadada0e61fe0f43a

ISO/IEC 11404:1996 (E) © ISO/IEC

the value is that denoted by integer-literal. If the scale-factor is present, the value denoted is the rational value Multiply (in-

teger-literal, scale-factor).
Properties: ordered, exact, numeric, unbounded.
Operations: Equal, InOrder, Negate, Add, Round, Multiply, Divide
Equal(x, y: scaled(r,f)): boolean is true if x and y designate the same rational number, and false otherwise.
InOrder(x,y: scaled (r,f)): boolean = rational.InOrder(x,y)
Negate(x: scaled (r,f)): scaled (r,f) = rational.Negate(x)
Add(x,y: scaled (r,f)): scaled (1,f) = rational. Add(x,y)

Round(x: rational): scaled(r,) is the value y: scaled(r,f) such that rational.InOrder(y, x) and for all z: scaled(r,1),
4tional InOrder(z,x) implies rational.InOrder(z,y).

Multigly(x,y: scaled(r,f)): scaled(r,f) = Round(rational. Multiply(x,y))
Dividé¢(x,y: scaled(r,f)): scaled(r,f) = Round(rational. Multiply(x, Reciprocal(y)))

—

EXAMPLES

1. A datalype representing monetary values exact to two decimal places can be defined by:
pe currency = new scaled(10, 2);
where the kdyword "new" is used because currency does not support the Multiply and Divide operationscharacterizing scaled(10,2).

2. The value 39.50 (or 39,50), i.e.thirty-nine and fifty one-hundredths, is represented by: 3950-* 10 A -2, while the value 10.00 (
may be repr¢sented by: 10.

NOTES

1.  The cabe factor = 0, i.e. scaled(r, 0) for any r, has the same value-space a$\Integer, and is isomorphic to Integer under all o

br 10,00)

perations

except Divide, which is not defined on Integer in this International Standard,cbut could be defined consistent with the Divide opetation for

scaled(r, O)f It is recommended that the datatype scaled(r, 0) not be used.&xplicitly.

2. Any repsonable rounding algorithm is equally acceptable. What s required is that any rational value v which is not a value of t
datatype is mhapped into one of the two scaled values ner and (n+1)°r(‘0, such that in the Rational value space, nerf P <y < (n+1)e1]

in an arithmgtic expression and the arithmetic is effectively Rational until a final result must be produced. At this point, rounding to

he scaled
_f) )

e proper

3. The proper definition of scaled arithmetic is complicated by the fact that scaled datatypes with the same radix can be combined I]:'bitrarily
t
It

scale for the|result operand occurs. Consequently, the given definition of arithmetic, for operands with a common scale factor, sho
considered a specification for arithmetic on the scaled datatype.

4. The values in any scaled value space ar¢ taken from the value space of the Rational datatype, and for that reason Scaled may
be a "subty
tions. Therefore scaled datatypes are nog-proper subtypes of datatype Real or Rational. The concept of Round, and special Multiply af
operations, gharacterize the scaled datatypes. Unlike Rational, Real and Complex, however, Scaled is not a mathematical group undef
inition of Myltiply, although the resultsare intuitively acceptable.

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

6.  Every §caled datatype'is exact, because every value in its value space can be distinguished in the computational model. (The va
can be mapped 1-to-1.0nto the integers.) It is only the operations on scaled datatypes which are approximate.

7. Scaledyliterals'are interpreted as decimal values regardless of the radix of the scaled datatype to which they belong. It was i

d not be

hppear to

" of both Rational and Real (see,872). But scaled datatypes do not "inherit" the Rational or Real Multiply and Reciprodal opera-

d Divide
this def-

ue space

ot found

necessary fof this International Standard to provide for representation of values in other radices
radices greater than 10 introduces additional syntactic complexity.

8.1.10 Real

values in

Descrlptlon Real is a family of datatypes which are computational approximations to the mathematical datatype comprising the
“real numbers". Specifically, each real datatype designates a collection of mathematical real values which are known to
certain applications to some finite precision and must be distinguishable to at least that precision in those applications.

Syntax:
real_type =l'rea|n [ n(n radlx ||’u faCtOl' n)u ] .
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Parametric 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 except in some occurrences in declarations (see 9.1). When radix and factor are not
specified, they shall have default values. The means for specification of these defaults is outside the scope of this Interna-
tional Standard.

Values: The value space of the mathematical real type comprises all values which are the limits of convergent sequences of ra-
tional numbers. The value space of a computational real datatype shall be a subset of the mathematical real type, character-
ized 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:

I
S

Value]
g

Opera
In the
rinV
E

I
E
4

2z

]

R
NOTE
.1

putatid
of are

bace of datatype real(radix, factor), and let & = radix*""). Then V shall be a subset of R with the followi

et R denote the mathematical real value space and for v in R, let | v | denote the absolute value of v. Let V der

-0isinV;
— for each rin R such that | r 1 > ¢, there exists at least one rin Vsuch that | r-r{<Trle e
— for each r in R such that | 7| < g, there exists at least one r in V such that | A~F 1< 82;.

-syntax:
bal-literal =
cale-factor

integer-literal [ "*" scale-factor ] .
number "A" signed-number .

\ real-literal denotes a value of a real datatype. The integer-literal is interpretedas a decimal integer value,
ictor, if present, is interpreted as number raised to the power signed-numbén,"where number and signed-num
ressed as decimal integers. If the scale-factor is not present, the value i$that denoted by integer-literal. If thq
b present, the value denoted is the rational value Multiply(integer-literal, scale-factor).

rties: ordered, approximate, numeric, unbounded.
tions: Equal, InOrder, Promote, Negate, Add, Multiply, Reeiprocal.

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

qual(x, y: real(radix, factor)): boolean is true if x-and y designate the same value, and false otherwise.

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

reals.

Aultiply(x, y: real(radix, factor)): real(radix, factor) = M(x * y), where ¢ designates the multiplicative operat
mathematical reals.

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

Leciprocal(x: real(radix, factor)): real(radix, factor), where x # 0, = M(x’) where x’ is the real multiplicative

S

he LI datafype Real is not the abstract mathematical real datatype, nor is it an abstraction of floating-point implementatio
nal model of the mathematical reals which is similar to the "scientific number" model used in many sciences. Details of

ote the value
hg properties:

and the scale-
ber are ex-
scale-factor

orresponding

hOrder(x,y: real(radix, factor)): boolean is true'if x <y, where < designates the order relationship on R, and fafse otherwise.

\dd(x,y: real(radix, factor)): real(radix, factor) = M(x +y), where + designates the additive operation on the nathematical

on on the

inverse of x.

ns. Itisacom-
he relationship
e semantics in

some v

al datatype to ﬂoatmg pomt 1mplemenlat10ns may be spemﬁed by the use of annotations (see 7.4). For languages who

the other hand,

for some appllcatlons the representatlon ofa real datatype may be somcthmg other than floatmg pomt whlch the apphcatmn would specify by
different annotations.

2.

Detailed requirements for the approximation function, its relationship to the characterizing operations, and the implementation of the char-

acterizing operations in languages are provided by ISO/IEC 10967-1:1994, Information technology — Programming languages, their envrion-
ements and system software interfaces — Language-Independent arithmetic — Part 1: Integer and real arithmetic. IEC 559:1988 Floating-
Point Arithmetic for Microprocessors specifies the requirements for floating-point implementations thereof.

EXAMPLES

real(10, 7) denotes a real datatype with values which are accurate to 7 significant decimal figures.
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real(2, 48) denotes a real datatype whose values have at least 48 bits of precision.

1 * 10 A 9 denotes the value 1 000 000 000, i.e. 10 raised to the ninth power.
15 * 10 A -4 denotes the value 0,0015, i.e. fifteen ten-thousandths.
3 * 2 A -1 denotes the value 1.5, i.e. 3/2.

8.1.11 Complex

Description: Complex is a family of datatypes, each of which is a computational approximation to the mathematical datatype
comprising the "complex numbers". Specifically, each complex datatype designates a collection of mathematical complex
values which are known to certain applications to some finite precision and must be distinguishable to at least that precision
in those applications.

Syntax:
complex-type = "complex" [ "(* radix “," factor ")" ] .
radix F value-expression .
factor|= value-expression .

Parametric Malues: Radix shall have an integer value greater than 1, and factor shall have an integer value. Radix and factor
shall npt be formal-parametric-values except in some occurrences in declarations (see 9.1). When radix and factor|are not
specififd, they shall have default values. The means for specification of these defaults is outside the scope of this Jnterna-
tional $tandard.

Values: Thg value space of the mathematical complex type is the field which is the solutién-space of all polynomial eqyations
having|real coefficients. The value space of a computational complex datatype shall be a subset of the mathematidal com-
plex type, characterized by two parametric values, radix and factor, which, taken together, describe the precision tq which
values |of the datatype are distinguishable, in the following sense:
Let C denote the mathematical complex value space and for v in C, let | y Nenote the absolute value of v. Let V derjote the
value gpace of datatype complex(radix, facton), and let € = radix(7'°%"Then V shall be a subset of C with the following
properties:

—-0isinV; _ _

— for each v in C such that | v | > €, there exists‘at least one vin Vsuchthatlv-vI<lvieg

—for each v in C such that | v | < &, there €xists at least one v in V such that | v - v | < €2;.

Value-syntgx:
complex-literal = "(" real-part "," imaginary-part ")" .
real-part = real-literal .
imaginary-part = real-literal .

A complex-literal denotes a value of(a ¢complex datatype. The real-part and the imaginary-part are interpreted as feal val-
ues, arld the complex value denoted is: M(real-part + (imaginary-part * i)), where + is the additive operation on the math-
ematicpl complex numbers and ¢ i§ the multiplicative operation on the mathematical complex numbers, and i is the "principal

squarejroot" of -1 (one of the two solutions to x2+1= 0).
Properties: |approximate, numneric, unordered.
Operations] Equal, Promete, Negate, Add, Multiply, Reciprocal, SquareRoot.

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

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

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

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

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

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

Reciprocal(x: complex(radix, factor)): complex(radix, factor), where x # 0, = M(x") where x’ is the complex multiplicative
inverse of x.

26


https://standardsiso.com/api/?name=06bd919a7ce9da5dadada0e61fe0f43a

© ISO/IEC ISO/IEC 11404:1996 (E)

SquareRoot(x: complex(radix, factor)): complex(radix, factor) = M(y), where y is one of the two mathematical complex
values such that y » y = x. Every complex number can be uniquely represented in the form a + b ¢ i, where i is the
“principal square root" of -1, in which a is designated the real part and b is designated the imaginary part. The y value
used is that in which the real part of y is positive, if any, else that in which the real part of y is zero and the imaginary
part is non-negative.

NOTE — Detailed requirements for the approximation function, its relationship to the characterizing operations, and the implementation of the
characterizing operations in languages are to be provided by (future) Parts of ISO/IEC 10967 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
ifformation in a given instance.

Syntax:
vpid-type = "void" .
Paramgtric Values: none.

Value$: Conceptually, the value space of the void datatype is empty, but a single nominal value ismecessary to perfqrm the "pres-
ehce required” function.

Valuetsyntax:

vpid-literal = "nil" .
"hil" is the syntactic representation of an occurrence of void as a value.
Properfties: none.

Operations: Equal.

Hqual(x, y: void) = true;
NOTEP

1. The void datatype is used as the implicit type of the result pafameter of a procedure datatype (8.3.3) which returns no value, or as an al-
ternatiye of a choice datatype (8.3.1) when that alternative has no/content.

2. The void datatype is represented in some languages«<ds.a record datatype (see 8.4.1) which has no fields. In this Internatjonal Standard,
the voild datatype is not a record datatype, because it hag.none of the properties or operations of a record datatype.

3.  Like the motivation for the void datatype itself, Equal is required in order to support the comparison of aggregate values ¢ontaining void
and it must yield "true”.

4. The "empty set" is not a value of datatype Void, but rather a value of the appropriate set datatype (see 8.4.2).

8.2 | Subtypes and extended types

A subtype is a datatyp€ derived from an existing datatype, designated the base datatype, by restricting the value spdce to a subset
of thaf of the base datatype whilst maintaining all characterizing operations. Subtypes are created by a kind of datatype generator
which is unusual-indhat its only function is to define the relationship between the value spaces of the base datatyp¢ and the sub-
type.

qubtype = range-subtype | 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 sub-
type generator, and the subtype generator is defined by a single occurrence of the following template:

Description: 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.
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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.

Properties:

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.

8.2.1

Description:—k

Syntax:
range-
select
lowerh
upperf
base

Components
have v{

lower |
bound

Values: all
bound

Properties:
corresp

8.2.2

Description

Syntax:
selecti
select
select-
select-
lowerb
uppert
base

Components
base d
unless
base d4
being s
curring|

Selecting

+ type-specifier .

1

Range

subtype = base "range" "(" select-range ")" .
range = lowerbound ".." upperbound .

ound = value-expression | "*"

ound = value-expression | "*" .

= type-specifier .

: Base shall designate an ordered datatype. When lowerbound and upperbound are value-expressions, theyj
lues of the base datatype such that InOrder(lowerbound, upperbound). When lowerbound is "*", it indicates
ound is being specified, and when upperbound is "*", it indicates that no upperbound is being specified. L
hind upperbound shall not be formal-parametric-values, except in some occurrences in declarations (see 9.1)

values v from the base datatype such that lowerbound < v, if lowerbodnd s specified, and v < upperbound, if
s specified.

shall
that no
wer-

upper-

The subtype is bounded (above, below, both) if the base datatype is so bounded or if the select-range specifjies the

onding bounds.

Selecting creates a subtype of any exact datatype'by enumerating the values in the subtype value-space.

ng-subtype = base "selecting" "(" select-list ")" .
list = select-item { "," select-item }".

item = value-expression | select-range .

range = lowerbound ".." ypperbound .

ound = value-expression_| "*" .

ound = value-expression | "*" .

: Base shall designate an exact datatype. When the select-items are value-expressions, they shall have valueq

he base datatype is ordered. When lowerbound and upperbound are value-expressions, they shall have values
tatype such that InOrder(lowerbound, upperbound). When lowerbound is "*", it indicates that no lower bou
pecified, and when upperbound is "*", it indicates that no upper bound is being specified. No value-express

of the

tatype, and each value shall be distinct from all others in the select-list. A select-item shall not be a select-rgnge

of the
nd is
fon oc-

incthe select-list shall be a formal-parametric-value, except in some occurrences in declarations (see 9.1).

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

Properties: The subtype is bounded (above, below, both) if the base datatype is so bounded or if no select-range appears in the

select-1

8.23

ist or if all select-ranges in the select-list specify the corresponding bounds.

Excluding

Description: Excluding creates a subtype of any exact datatype by enumerating the values which are to be excluded in construct-
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ing the subtype value-space.

Syntax:
excluding-subtype = base "excluding" "(" select-list ")" .
select-list = select-item { "," select-item } .
select-item = value-expression | select-range .
select-range = lowerbound ".." upperbound .
lowerbound = value-expression | "*" .
upperbound = value-expression | "*" .
base = type-specifier .

Components: Base shall designate an exact datatype. A select-item shall not be a select-range unless the base datatype is ordered.

hen lowerbound and upperbound are value-expressions, they shall have values of the base datatype such-thaj InOrder(low-
rbound, upperbound). When lowerbound is "*", 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 occurring in the select-list shall be a formal-
arametric-value, except in some occurrences in declarations (see 9.1).

Valugs: The value space of the Excluding subtype comprises all values of the base datatype except for those spedified by the
elect-list. A select-item which is a value-expression specifies the single value designatéd by that value-exptession. A se-
ct-item which is a select-range specifies all values v of the base datatype such that dowerbound < v, if a lower bound is
pecified, and v < upperbound, if an upper bound is specified.

Propdrties: The subtype is bounded (above, below, both) if the base datatype is so-bounded or if some select-range appears in
e select-list and does not specify the corresponding bound.

8.2. Size

Desctiiption: Size creates a subtype of any Sequence, Set, Bag or Table.datatype by specifying bounds on the numbg¢r of elements
ny value of the base datatype may contain.

ize-subtype = base "size" "(" minimum-size [ \." maximum-size ] ")" .
aximum-size = value-expression | "*" .

inimum-size = value-expression .

pase = type-specifier .

Components: Base shall designate a generated.datatype resulting from the Sequence, Set, Bag or Table generator, or from a
new" datatype generator whose value space is constructed by such a generator (see 9.1.3). Minimum-size shall have an
nteger value greater than or equal te zero, and maximum-size, if it is a value-expression, shall have an integgr value such
]hat minimum-size < maximuni-size. If maximum-size is omitted, the maximum size is taken to be equal to the minimum-
fize, and if maximum-size is('*}', the maximum size is taken to be unlimited. Minimume-size and maximum-sije shall not be
Jormal-parametric-values, except in some occurrences in declarations (see 9.1).

Valugs: The value space-of.the subtype consists of all values of the base datatype which contain at least minimum-size values
ind at most maximumsize values of the element datatype.

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

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

the.minimum size.
8.2. xplicit subtypes

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

Syntax:
explicit-subtype = base "subtype" "(* subtype-definition ")" .
base = type-specifier .
subtype-definition = type-specifier .

Components: Base may designate any datatype. The subtype-definition shall designate a datatype whose value space is (isomor-
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phic to) a subset of the value space of the base datatype.
Values: The subtype value space is identical to the value space of the datatype designated by the subtype-definition.
Properties: exactly those of the subtype-definition datatype.
NOTES

1.  When the base datatype is generated by a datatype generator, the ways in which a subset value space can be constructed are complex and
dependent on the nature of the base datatype itself. Clause 8.3 specifies the subtyping possibilities associated with each datatype generator.

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

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

8.26 Extended

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

Syntax:
extended-type = base "plus" "(" extended-value-list ")" .
extended-value-list = extended-value { "," extended-value } .
extended-value = extended-literal | formal-parametric-value .
extended-literal = identifier .
base F type-specifier .

Componenty: Base may designate any datatype. An extended-value shall be an extendéd-literal, except in some occurrefces in
declaralions (see 9.1). Each extended-literal 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: Thd value space of the extended datatype comprises all values in the'value-space of the base datatype plus thos¢ addi-
tional vialues specified in the extended-value-list.

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

The definitign of an extended datatype shall include specification of the characterizing operations on the base datatype as ppplied

to, or yielding, the added values in the extended-value-list: Jn particular, when the base datatype is ordered, the behaviof of the

InOrder opefation on the added values shall be specified:

NOTES

1.  Extended produces a subtype relationship in‘which the base datatype is the subtype and the extended datatype has the larger valud space.

2. Other uges of the IDN syntax make stronger requirements on the uniqueness of extended-literal identifiers.

8.3 Gernerated datatypes

A generated datatype is.a'datatype resulting from an application of a datatype generator. A datatype generator is a conceptual

operation o1} one or more'datatypes which yields a datatype. A datatype generator operates on datatypes to generate a datatype,

rather than gn values.to'generate a value. The datatypes on which a datatype generator operates are said to be its parametric or
component|datatypes. The generated datatype is semantically dependent on the parametric datatypes, but has its own fharac-
terizing opefations. An 1mp0rtant characteristic of all datatype generators is that the generator can be applred to many djfferent
parametric da : : : e and the

generators of aggregate datatypes generate datatypes whose values admlt of decomposmon A generated type de51gnates a gen-
erated datatype.

generated-type = pointer-type | procedure-type | choice-type | aggregate-type .
This International Standard defines common datatype generators by which an application of this International Standard may de-
fine generated datatypes. (An application may also define "new" generators, as provided in clause 9.1.3.) Each datatype gener-

ator is defined by a separate subclause. The title of each such subclause gives the informal name for the datatype generator, and
the datatype generator is defined by a single occurrence of the following template:

Description: prose description of the datatypes resulting from the generator.
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Syntax: the syntactic production for a generated datatype resulting from the datatype generator, including
identification of all parametric datatypes which are necessary for the complete identification of a distinct
datatype.

Components: number of and constraints on the parametric datatypes and parametric values used by the generator.

Values: formal definition of resulting value space.

Properties: properties of the resulting datatype which indicate its admissibility as a component datatype of certain

datatype generators: numeric or non-numeric, approximate or exact, ordered or unordered, and if
ordered, bounded or unbounded.

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

Qperations: characterizing operations for the resulting datatype which associate to the datatype genere]tor. The
definitions of operations have the form described in 8.1.

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 d single value from arly of a set of
alternative datatypes. The alternative datatypes of a choice datatype are logically.distinguished by their corregpondence to
vilues of another datatype, called the tag datatype.

Syntay:
choice-type = "choice" "(" [ field-identifier ":" ] tag-type [ "s*discriminant ] ")"
"of" "(" alternative-list )" .
field-identifier = identifier .

—
Q)

g-type = type-specifier .

djscriminant = value-expression .

alternative-list = alternative { "," alternative } [.default-alternative ] .
alternative = tag-value-list [ field-identifier ]_t**alternative-type .
default-alternative = "default" ":" alternativertype .
alternative-type = type-specifier .

lg-value-list = "(" select-list ")"

select-list = select-item { “," select-item } .

sglect-item = value-expressjon-l" select-range .

select-range = lowerbound \*.." upperbound .

Igwerbound = value-expression | "*" .

upperbound = value-expression | "*"

—
0.

Compenents: Each altérnative-type in the alternative-list may be any datatype. The tag-type shall be an exact datatype. The
tqg-value-list of\€ach alternative shall specify values in the value space of the (tag) datatype designated by tag-type. A se-
ldct-item shall ot be a select-range unless the tag datatype is ordered. When lowerbound and upperbound arg value-ex-
pfessions, they shall have values of the tag datatype such that InOrder(lowerbound, upperbound). When lowerpound is "*",
ifindicates that no lowerbound is being specified, and when upperbound is "*", it indicates that no upperbourd is being

specified. No value-expression in the select-list shall be a parametric value, except in some occurrences in declarations (see
9l1)

A choice datatype defines an association from the value space of the tag datatype to the set of alternative datatypes in the
alternative-list, such that each value of the tag datatype associates with exactly one alternative datatype. The tag-value-list
of an alternative specifies those values of the tag datatype which are associated with the alternative datatype designated by
the alternative-type in the alternative. A select-item which is a value-expression specifies the single value of the tag
datatype designated by that value-expression. A select-item which is a select-range specifies all values v of the tag datatype
such that lowerbound <v, if lowerbound is specified, and v < upperbound, if upperbound is specified. The default-alter-
native, if present, specifies that all values of the tag datatype which do not appear in any other alternative are associated with
the alternative datatype designated by its alternative-type.

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

Value-syntax:

choice-value
a =

alternitive-value = independent-value .

tag-v

A choi
the chg
denote

Properties:

P

Subtypes: 3
and thg
the alte

Operations:

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

Tag.tyf
W

Cast.ty
if
\(:
Equal(
if
W]
137
NOTES

1. The Ch
datatype with
and similar d

u

may be repre]
C

sented by:

"(" tag-value ":" alternative-value ")" .
nt-value

be-value denotes a value of a choice datatype. The tag-value of a choice-value shall be a value of thejtag/data
ice datatype, and the alternative-value shall designate a value of the corresponding alternative datatype. Th
1 shall be that value having the conceptual form (tag-value, alternative-value).

unordered, exact if and only if all alternative datatypes are exact, non-numeric.

ny choice datatype in which the tag datatype is the same as, or a subtype of, the tag datatype of the base dat:
alternative datatype corresponding to each value of the tag datatype in the subtypeis‘the same as, or a subt)
rnative datatype corresponding to that value in the base datatype.

Equal, Tag, Cast, Discriminant.

be(X: type, s: tag-type): choice (tag-type) of (alternative-list), where sype/is that alternative datatype in alterna
hich corresponds to the value s, is that value of the choice datatype which has tag-value s and alternative-val

pe(x: choice (tag-type) of (alternative-list)): type, where type 1s'an alternative datatype in alternative-list, is:

lue of x, else undefined.

K, y: choice (tag-type) of (alternative-list)): booleands:

Discriminant(x) and Discrminant(y) select the same'alternative, then

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

here type is the alternative datatype of the selected alternative and type.Equal is the Equal operation on the d
be, else false.

pice datatype generator is referred to in some programming languages as a "(discriminated) union" datatype, and in ot
"variants". The generator defined here represents the Pascal/Ada "variant-record" concept, but it allows the C-language
scriminated union concepts; to be supported by a slight subterfuge. E.g. the C datatype:

nion {

float at;

int a2;

char* a3;¢}

hoice ( staté(al, a2, a3) ) of (
(at): real,
(a2): integer,

type of
e value

ity pe,
pe of,

ive-list
ue X.

the tag value of x selects an alternative whose alternative-typeis type, then that value of rype which is the (altefnative)

htatype

hers as a
"union",

2.

AY
'

L— (a3)-characterstring

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 alterntaive-list. The set

of tag values

3.

appearing explictly or implicitly in the alternative-list is not required to cover the value space of the tag datatype.

reduced to a single datatype.

4.

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

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

IsField field(x: choice (field-list)): boolean = true if the designated field is present in the value x, otherwise false;
replaces Discriminant, with corresponding changes to the other characterizing operatoins. It is recognized that this model is mathematically
more elegant (the Or-graph to match the And-graph of the fields in Record), but in parctice, either IsField is not provided (which makes all
operations user-defined) or IsField is implemented by tag-value (which makes IsField equivalent to Discriminant).

EXAMPLES — see 10.2.2 and 10.2.4.

8.3.2 Pointer

Descr1pt10n Pointer generates a datatype, called a pomter datatype each of whose values constitutes a means of reference to

pointer-type = "pointer" "to" "(" element-type ")" .
dlement-type = type-specifier .

Valuep: The value space is that of an unspecified state datatype, each of whose values, save one, is associated with a value of the
element datatype. The single value null may belong to the value space but it is never asseciated with any valpe of the ele-
hent datatype.

Valuefsyntax:

dointer-literal = "null* .
"Null" denotes the null value. There is no denotation for any other valué«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 poipter datatype.
Operations: Equal, Dereference.

Hqual(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.

NOTEP

1. A pointer datatype defines an association from the "unspecified state datatype" into the element datatype. There may be many values of
the poipnter datatype which are associated with.the same value of the element datatype; and there may be members of the element flatatype which
e" to which no
iversal) "unspec-

datatypes also
nging the value
essary to char-

not the intention.

4.  The term lvalue appears in some language standards, meaning "a value which refers to a storage object or area”. Since the storage object
is a means of association, an Ivalue is therefore a value of some pointer datatype. Similarly, the implementation notion machine-address, to
the extent that it can be manipulated by a programming language, is often a value of some pointer datatype.

5. The hardware implementation of the "means of reference to" a value of the element-type is usually a memory cell or cells which contain
a value of the element-type. The memory cell has an "address", which is the "value of the unspecified state datatype". The memory cell phys-
ically maintains the association between the address (pointer-value) and the element-value which is stored in the cell. The Dereference opera-
tion is conceptually applied to the "address”, but is implemented by a "fetch" from the memory cell. Thus in the computational model used
here, the "address" and the "memory cell" are not distinguished: a pointer-value is both the cell and its address, because the cell can only be
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The notion "variable of datatype T" appears in programming languages and is usually implemented as a cell which contains a value of

type T. Language standards often distinguish between the "address of the variable" and the "value of the variable" and the "name of the vari-
able", and one might conclude that the "variable" is the cell itself. But all operations on such a "variable" actually operate on either the "address
of the variable" — the value of LI datatype "pointer to (T)" — or the "value of the variable" — the value of LI datatype T. And thus those are
the only objects which are needed in the datatype model. This notion is further elaborated in ISO/IEC 13886:1995, Language-independent
procedure calling, which relates pointer-values to the "boxes” (or "cells") which are elements of the state of a running program.

8.3.3 Procedure

Description: Procedure generates a datatype, called a procedure datatype, each of whose values is an operation on values of

Syntax:

cedure dataty

other datatypes, designated the parameter datatypes. That is, a pro pec
Values a-partictiar-coleetion ath pes A A 850 proced S pe-afe-ConRe S

procedure-type = "procedure” "(" [ parameter-list ] ")" [ "returns" "(* return-parameter ")" ]
[ "raises" "(" termination-list ")" ] .

parameter-list = parameter-declaration { "," parameter-declaration } .
parameter-declaration = direction parameter .

directign = "in" | "out" | "inout" .

parameter = [ parameter-name ":" ] parameter-type .
parameter-type = type-specifier .

parameter-name = identifier .

return-parameter = [ parameter-name ":" ] parameter-type .
termination-list = termination-reference { "," termination-reference {.
termingtion-reference = termination-identifier .

omprises the set of all operations on

: A parameter-type may designate any datatype. The parameter-names of parameters in the parameter-list shall be

distinct| from each other and from the parameter-name of the returfi’parameter, if any. The termination-references|in the

termingtion-list, 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 pargmeter

34

in the
The ingut space is the cross-product of the value space§ of the datatypes designated by the parameter-types of all th

rameter-list is said to be an input parameter if-its‘parameter-declaration contains the direction "in" or "input”.

e input

parameters. A parameter is said to be a result parameter if it is the return-parameter or it appears in the parametqr-list
and its parameter-declaration contains the direction "out" or "inout". The normal result space is the cross-product of the
value spaces of the datatypes designated by the parameter-types of all the result parameters, if any, and otherwise th¢ value

space of the void datatype. When there is\no termination-list, the result space of the procedure datatype is the norma
space, and every value p of the procedufe-datatype is a function of the mathematical form:
Pl xILhx..xI; 5> Rp xRy xRyx ... xRy,

result

where I is the value space of the-parameter datatype of the kth input parameter, Ry is the value space of the paramqter

termination-list is\present, each termination-reference shall be associated, by some termination-declaration (see

the pa-

rametel-types of the\parameters in the termination-parameter-list. Let Al be the alternative result space of the jth tgrmina-

tion. Then:
. Al = E xEy x ... x Ep,
where Eis the value space of the parameter datatype of the kth parameter in the termination-parameter-list of the

jth ter-

mination. The normal result space then becomes the alternative result space associated with normal termination (AO),
modelled as having termination-identifier "*normal". Consider the termination-references, and "*normal", to represent val-

ues of an unspecified state datatype St. Then the result space of the procedure datatype is:
Srx (APTAl1AZI..1AN),

where A is the normal result space and AK s the alternative result space of the kth termination; and every value of the pro-

cedure datatype is a function of the form:
P LxLx..xI, > Srx (A°TAl1AZ1 .. 1AN).

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

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

Value{syntax:
procedure-declaration = "procedure" procedure-identifier "(* [ parameter-list ] *)"
[ "returns" "(" return-parameter ")" ] [ "raises" "(" termination-list ")" ] .

procedure-identifier = identifier .

procedure-declaration declares the procedure-identifier to refer to a (specific) value of thelprocedure datatype whose
e-specifier is identical to the procedure-declaration after deletion of the procedure-identifier. The means of association
of the procedure-identifier with a particular value of the procedure datatype is outside the scope of this Internjational Stan-

es: For two procedure datatypes P and Q:

P is said to be formally compatible with Q if their parameter-lists are af:the same length, the direction of eaq
in the parameter-list of P is the same as the corresponding parametér in the parameter-list of Q, both have
rameter or neither does, and the termination-lists of P and Q, if present, contain the same termination-refen

If P is formally compatible with Q, and for every result parameter of Q , the parameter datatype of the corrdsponding pa-
rameter of P is a (not necessarily proper) subtype of the parameter datatype of the parameter of Q, then P i said to be a

result-subtype of Q. If the return parameter datatype and all of the parameter datatypes in the parameter-li§t of P and Q
are identical (none are proper subtypes), then each is a\result-subtype of the other.

If P is formally compatible with Q, and for every input parameter of Q , the parameter datatype of the corr

h parameter
a return-pa-
ences.

sponding pa-

rameter of P is a (not necessarily proper) subtype of the parameter datatype of the parameter of Q, then Q is
input-subtype of P. If all of the input parameter'datatypes in the parameter-lists of P and Q are identical (no
subtypes), then each is an input-subtype of'the other.

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

said to be an
he are proper

btype of that

pfocedure datatype.

Opera
The dg
dividu|
dure d
and w

Ii

ions: Equal, Invoke.

finitions of Invoke and Equals below are templates for the definition of specific Invoke and Equals operators for each in-
al procedure datatype. -Each procedure datatype has its own Invoke operator whose first parameter is a valuelof the proce-
atatype, and whose remaining input parameters, if any, have the datatypes in the input space of that procedure datatype,
nose result-list has-the datatypes of the result space of the procedure datatype.

wvoke(x: procediire(parameter-list), vq: I, ..., vy: I): record (ry: Ry, ..., Iyt R,y is that value in the result spage which is
produced by the procedure x operating on the value of the input space which corresponds to values (vy, ., vp,).

s

qual(X;»y: procedure(parameter-list)): boolean is:
true if for each collection of values (v{: Iy, ..., v,: I,), corresponding to a value in the input space of x an

neither x nor v is defined on (v
4 >

1y, either:

AVA \ OL
T

Invoke(x, vy, ...
and false otherwise.

, V) = Invoke(y, vy, ..., vp);

NOTES

1. The definition of Invoke above is simplistic and ignores the concept of alternative terminations, the implications of procedure and pointer
datatypes appearing in the parameter-list, etc. The true definition of Invoke is beyond the scope of this International Standard and forms a
principal part of ISO/IEC 13886:1996, Language-independent procedure calling.

2. Considered as a function, a given value of a procedure datatype may not be defined on the entire input space, that is, it may not yield a
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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. In the general case, these limitations are on combinations of values which go beyond specifying proper
subtypes of the individual parameter datatypes. Such limitations are therefore not considered to affect the admissibility of a given procedure
as a value of the procedure datatype.

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

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

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

type R = procedure(in a: integer, out b: typeX);
If typeX is a subtype of typeY then P is a subtype of Q, as one might expect. But integer range (0..100) is a subtype of integer, which makes
R a subtype of P, and not the reverse! In general, the collection of procedures which can accept an arbitrary input from the larger input datatype
(integer)isa subset of the collectnon of procedures Wthh can accept an mput from the more restricted mput datatype (integer range (0..100)).
If a procedurg+ ed 0 ned-to-be-ap ble-to s-in-integerrange 00 proce of type R is
actually used| it can mdeed be safely apphed to any value in lnteger range (0 100) because mteger range (0. 100) isa subtype of the do-
main of the pfocedures in R. But the converse is not true. If a procedure is required to be of type R, then it is presumed to be applicable to an
arbitrary intefjer value, for example, -1, and therefore a procedure of type P, which is not necessarily defined at -1, cannot be, used.

4.  Indescriibing individual values of a procedure datatype, it is common in programming languages to specify paraméter-names, in pddition
to parameter Hatatypes, for the parameters. These identifiers provide a means of distinguishing the functionality of the individual pgrameter
values. But while this functionality is important in distinguishing one value of a procedure datatype from anotherjit has no meaning gt all for
the procedurd datatype itself. For example, Subtract(in a:real, in b:real, out diff: real) and Multiply(in a:real; in b:real, out prod: feal) are
both values of the procedure datatype procedure(in real, in real, out real), but the functionality of the paranieters a and b in the two pfocedure
values is unrdlated.

5. Indescti
information
and/or the in
to produce a
side the scop:
to facilitate t

bing procedures in programming languages, it is common to distinguish parameters as‘iriput, output, and input/output, tp import
om common interchange areas, and to distinguish returning a single result value from‘returning values through the pafameters
rchange areas. These distinctions are supported by the syntax, but conceptually, a_procedure operates on an set of inpyt values
et of output values. The syntactic distinctions relate to the methods of moving values between program elements, which|are out-
of this International Standard. This syntax is used in other international standards which define such mechanisms. It is used here
e mapping to programming language constructs.

be apparent from the definition of Invoke above, there is a natural isomorphism between the normal result space of a pfocedure
he value space of some record datatype (see 8.4.1). Similarly, thére is an isomorphism between the general form of the result
value space of a choice datatype (see 8.3.1) in which the tag datatype is the unspecified state datatype and each alterngtive, in-
al", has the form:

ion-name: alternative-result-space (record-type).

regate Datatypes

te datatype is a generated datatype ‘each of whose values is, in principle, made up of values of the component

datatypes. An aggregate datatype generator generates a datatype by

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

 prov]ding 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 comgonents.
Unlike othet generated datatypes; it is characteristic of aggregate datatypes that the component values of an aggregate value are
accessible through characterizing operations.

This clause describes:commonly encountered aggregate datatype generators, attaching to them only the semantics which derive
from the constructien procedure.

aggregatertype = record-type | set-type | sequence-type | bag-type | array-type | table-type .

The definition template for an aggregate datatype is that used for all datatype generators (see 8.3), with an addition of the Prop-
erties paragraph to describe which of the aggregate properties described in clause 6.8 are possessed by that generator.

NOTES

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

2. Many characterizing operations on aggregate datatypes are "constructors", which construct a value of the aggregate datatype from a col-
lection of values of the component datatypes, or "selectors”, which select a value of a component datatype from a value of the aggregate
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datatype. Since composition is inherent in the concept of aggregate, the existence of construction and selection operations is not in itself char-
acterizing. However, the nature of such operations, together with other operations on the aggregate as a whole, is characterizing.

3. In principle, from each aggregate it is possible to extract a single component, using selection operations of some form. But some lan-
guages may specify that particular (logical) aggregates must be treated as atomic values, and hence not provide such operations for them. For
example, a character string may be regarded as an atomic value or as an aggregrate of Character components. This international standard mod-
els characterstring (10.1.5) as an aggregate, in order to support languages whose fundamental datatype is (single) Character. But Basic, for
example, sees the characterstring as the primitive type, and defines operations on it which yield other characterstring values, wherein 1-char-
acter strings are not even a special case. This difference in viewpoint does not prevent a meaningful mapping between the characterstring
datatype and Basic strings.

4.  Some characterizations of aggregate datatypes are essentially implementations, whereas others convey essential semantics of the datatype.
For example, an object which is conceptually a tree may be defined by either:
type tree = record (
label: character_string ({ iso standard 8859 1 }),
branches: set of (tree));

or:
type tree = record (
label: character_string ({ iso standard 8859 1 }),
son: pointer to (tree),
sibling: pointer to (tree)).
The fifst is a proper conceptual definition, while the second is clearly the definition of a particular implementation of a tree. Which of these
datatype definitions is appropriate to a given usage, however, depends on the purpose to which thi$ International Standard is being employed
in thatfusage.

5. Tlhere is no "generic" aggregate datatype. There is no "generic" construction algorithm, and the "generic" form of aggreggte has no char-
acteris|ng operations on the aggregate values. Every aggregate is, in a purely mathéniatical 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 pdrform any par-
ticular|operation on each element of an aggregate is sometimes cited as charactefizing. But in this International Standard, this capability is
modelled as a composition of more primitive functions, viz.:
Applytoall(A: aggregate-type, P: procedure-type) is:
if not IsSEmpty(A) begin

e := Select(A);

Invoke (P, e);
Applytoall (Delete(A, e), P);
end;
and th¢ particular “Select” operations available, as well as.the need for IsSEmpty and Delete, are characterizing.

8.4.1 Record

Descrption: Record generates a datatype, called a record datatype, whose values are heterogeneous aggregation$ of values of
domponent datatypes, each aggregation having one value for each component datatype, keyed by a fixed "fie|d-identifier".
Syntak:
bcord-type = "record® ‘(" field-list ")" .
eld-list = field {~“field } .

eld = field-identifier ":" field-type .
eld-identifier, = “identifier .

eld-type ‘=) type-specifier .

—h =k —h —h

Components7A 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-list shall be distinct.

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

Value-syntax:
record-value = field-value-list | value-list .
field-value-list = "(" field-value { "," field-value } ")" .
field-value = field-identifier ":" independent-value .
value-list = "(" independent-value { "," independent-value } ")" .

A record-value denotes a value of a record datatype. When the record-value is a field-value-list, each field-identifier in the
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field-list of the record datatype to which the record-value belongs shall occur exactly once in the field-value-list, each field-
identifier in the record-value shall be one of the field-identifiers in the field-list of the record-type, and the corresponding
independent-value shall designate a value of the corresponding field datatype. When the record-value is a value-list, the
number of independent-values in the value-list shall be equal to the number of fields in the field-list 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.

Aggregate properties: heterogeneous, fixed size, no ordering, no uniqueness, access is keyed by field-identifier, 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(3

fid

(W

There is ond

FieldS¢
th
ieldR
th.
Fi
i.6

e

NOTES

1
1.

Tha cnn
1 11T STy

mentation of
consideration|
bit string, and
which is a va
value-list wit

Equal, FieldSelect, Aggregate.

K, y: record (field-list)): boolean is true if for every field-identifier f of the record datatype,
Id-type.Equal(FieldSelect.f(x), FieldSelect.f(y)), else false
here field-type.Equal is the equality relationship on the fieid datatype corresponding to f).

FieldSelect and one FieldReplace operation for each field in the record datatype, of the fornis:

lect.field-identifier(x: record (field-list)): field-type is
e value of the field of record x whose field-identifier is field-identifier.

pplace.field-identifier(x: record (fieid-iist), y: fieid-type): record (fieid-iist) is
it value z: record(field-list) such that FieldSelect.field-identifier(z) = y, and for.all other fields fin record(fiel
eldSelect.fix) = FieldSelect.f(z)

. FieldReplace yields the record value in which the value of the designated field of x has been replaced by y

s in a Record datatype is not semantically significant irithe definition of the Record datatype generator. A

1
h Record datatype may define a representation convention which is an ordering of physically distinct fields, but that is a pi

AAAAA ~F £.13
uCIILC Ul 11T1U,

then FieldReplace would be an encoding operation and FieldSelect would be a decoding operation. Note that in a reco
ue-list, however, the physical sequence of fields is significant: it is the convention used to associate the component valu
h the fields of the Record value.

2.  Arecor
datatype who
can be missi

3.
a great many
missing field

(..., v: void).

4. "Subtyp
tional Stand

8.4.2

Description

A record datatype with a subset of the fields ofta base record datatype (a "sub-record" or "projection" of the record datatype) is n
type of the bgse record datatype: none of the values'in the sub-record value space appears in the base value-space. And there are, in

d.
o

I datatype can be modelled as a heterogeneous aggregate of fixed size which is accessed by key, where the key datatype
e values are the field identifiers. But in a valugof a record datatype, totality of the mapping is required: no field (keye

different "embeddings” which map-the sub-record datatype into the base datatype, each of which supplies different value
. Supplying void values for-the missing fields is only possible if the datatypes of those fields are of the form choice (tag

es” of a "record" datatype which have additional fields is an object-oriented notion which goes beyond the scope of this

Set geferates a datatype, called a set datatype, whose value-space is the set of all subsets of the value spacs

elemer1t datatype, with operations appropriate to the mathematical set.

d-list),

1 imple-
agmatic

and not a part of the conceptual notion of the datatype. Indeed,'the optimal representation for certain Record values might be a

td-value
es in the

s a state
d value)

bt a sub-
general,
s for the
type) of

Interna-

of the

Syntax:

set-type = "set" "of" "(" element-type ")" .
element-type = type-specifier .

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

Values: every set of distinct values from the value space of the element datatype, including the set of no values, called the empty-
set. A value of a set datatype can be modelled as a mathematical function whose domain is the value space of the element
datatype and whose range is the value space of the boolean datatype (true, false), i.e., if s is a value of datatype set of (E),
then s: E — B, and for any value e in the value space of E, s(e) = true means e "is a member of" the set-value s, and s(e) =
false means e "is not a member of" the set-value s. The value-space of the set datatype then comprises all functions s which
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are distinct (different at some value e of the element datatype).
Value-syntax:

set-value = empty-value | value-list .

empty_va|ue = Il(ll II)II

value-list = "(" independent-value { "," independent-value } ")" .

Each independent-value in the value-list shall designate a value of the element datatype. A set-value denotes a value of a

set datatype, namely the set containing exactly the distinct values of the element datatype which appear in the value-list, or

equivalently the function s which yields true at every value in the value-list and false at all other values in the element value

space.
Propertes—non—tomerietrorderedexact

Aggrepate properties: homogeneous, variable size, uniqueness, no ordering, access indirect (by value).

Subtypes:
a) any set datatype in which the element datatype of the subtype is the same as, or a subtype of;.the elemenf datatype of
the base set datatype; or
b) any datatype derived from a base set datatype conforming to (a) by use of the Size subtype-generator (see 8.2.4).

Operafions: IsIn, Subset, Equal, Difference, Union, Intersection, Empty, Setof, Select

I$In(x: element-type, y: set of (element-type)): boolean = y(x), i.e.
true if the value x is a member of the set y, else false;

10/]

ubset(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 J;

wsl

qual(x, y: set of (element-type)): boolean = And(Subset(x,y), Subset(y,x));

o]

ifference(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)));

nion(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));

Iptersection(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));

mpty(): set of (element-type) is the functionls-such that for all values v of the element datatype, s(v) = false;| i.e. the set
which consists of no values of the element datatype;

fam

wel

4]

etof(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;

105]

elect(x: set of (element-type)): element-type, where Not(Equal(x, Empty()), is some one value from the valug space of
element datatype whieh appears in the set x.

NOTE|— Set is modelled as having only the (undefined) Select operation derived from the axiom of choice. In another sense, thelaccess method
for an ¢lement of a set value.is.**find the element (if any) with value v”’, which actually uses the characterizing “IsIn” operation, gnd the unique-
ness prjoperty.

8.4.3| Bag

Description: \Bag generates a datatype, called a bag datatype, whose values are collections of instances of values|from the ele-
entdatatype. Multiple instances of the same value may occur in a given collection; and the ordering of the valluc instances
+E

3 %o &
1ot olgirivalit.

Syntax:
bag-type ="bag" "of" "(" element-type ")" .
element-type = type-specifier .
Components: The element-type shall designate an exact datatype, called the element datatype.

Values: all finite collections of instances of values from the element datatype, including the empty collection. A value of a bag
datatype can be modelled as a mathematical function whose domain is the value space of the element datatype and whose
range is the nonnegative integers, i.e., if b is a value of datatype bag of (E), then b: E — Z, and for any value e in the value
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space of E, b(e) = 0 means e "does not occur in" the bag-value b, and b(e) = n, where n is a positive integer, means e "occurs
n times in" the bag-value b. The value-space of the bag datatype then comprises all functions b which are distinct.

Value-syntax:
bag-value = empty-value | value-list .

empty-value = "(" ")" .

value-li

st = "(" independent-value { "," independent-value } ")" .

Each independent-value in the value-list 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-list. .

Properties:

Aggregate pfoperties: homogeneous, variable size, no uniqueness, no ordering, access indirect.

Subtypes:
a) al

the base bag datatype; or

b) an

Operations:

IsEmptly(x: bag of (element-type)): boolean is true if for all e in the element value space(X(e) = 0, else false;

Equal(j
Empty

Serialize(x: bag of (element-type)): sequence of (element-type) is:
if [SEmpty(x), then (),

els

Select(

T=TIUITETiC, unordered; exact.

bag datatype in which the element datatype of the subtype is the same as, or a subtype of, the ¢lement data

datatype derived from a base bag datatype conforming to (a) by use of the Size subtype-generator (see 8.2

IsEmpty, Equal, Empty, Serialize, Select, Delete, Insert

, y: bag of (element-type)): boolean is true if for all e in the element value space; x(e) = y(e), else false;

): bag of (element-type) is that function x such that for all e in the element ‘value space, x(e) = 0;

e any sequence value s such that for each e in the element value'space, e occurs exactly x(e) times in s;

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

lype of

4).

Delete(: bag of (element-type), y: element-type): bag of (element-type) is that function z in bag of (element-type) sqch that:

i.¢j
Insert(x

i.€

8.4.4 Sequence

Description:

the elempent datatype. The ordering is imposed on the values and not intrinsic in the underlying datatype; the same

may oc

for all e # y, z(e) = x(e), and
if x(y) > 0 then z(y) = x(y) - 1 and if x(y) = O'then z(y) = 0;
the collection formed by deleting one instanceof the value y, if any, from the collection x;

: bag of (element-type), y: element-type): bag of (element-type) is that function z in bag of (element-type) su
for all e 2y, z(e) = x(e), and z(y)=x(y) + 1;
the collection formed by adding one instance of the value y to the collection x;

Sequence generates a datatype, called a sequence datatype, whose values are ordered sequences of values

cur more than oncelima given sequence.

Values: all

ce-type = "sequence" "of" "(" element-type ")" .

ch that:

from
value

Value-syntax:
sequence-value = empty-value | value-list .

empty-

value-li

Value - II(II li)ll
ist = "(" independent-value { "," independent-value } ")" .

Each independent-value in the value-list 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-list, in the order of their occurrence
in the value-list. .

Properties: non-numeric, unordered, exact if and only if the element datatype is exact.
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Aggregate properties: homogeneous, variable size, no uniqueness, imposed ordering, access indirect (by position).

Subtypes:
a) any sequence datatype in which the element datatype of the subtype is the same as, or a subtype of, the element datatype

of the base sequence datatype; or

ISO/IEC 11404:1996 (E)

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

Operations: IsEmpty, Head, Tail, Equal, Empty, Append.

NOTES

depend on position, are provided instead of Select, Delete and Insert, which dependonvalue.

3.

8.4.5( Array

Descrjption: Array generates a datatype, called an array datatype, whose values are associations between the pro|
gne or more finite datatypes, designated th¢ index datatypes, and the value space of the element datatype, su

Syntak:

Components: _The element-type shall designate any datatype, called the element datatype. Each index-type shall

IsEmpty(x: sequence of (element-type)): boolean is true if the sequence x contains no values, else false;

Head(x: sequence of (element-type)): element-type, where Not(ISEmpty(x)), is the first value in the sequence

X3

Tail(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)): boolean is:

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

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

e

mpty(): sequence of (element-type) is the sequence containing no values;

N

Append(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.

Jequence differs from Bag in that the ordering of the values is significant and therefore the operations Head, Tail, and

he extended operation Conéatenate(x, y: sequence of (E)): sequence of (E) is:
F IsEmpty(y) then x; else Concatenate(Append(x, Head(y)), Tail(y));

—

value in the product space of the index(datatypes associates to exactly one value of the element datatype.

grray-type = "array" "(" index:type-list ")" "of" "(" element-type ")" .
ndex-type-list = index-type { “," index-type } .

index-type = type-specifier | index-lowerbound ".." index-upperbound .
ndex-lowerbound =\value-expression .

ndex-upperboufd) = value-expression .

lement-type.= type-specifier .

m = = —

qrderedand finite exact datatype, called an index datatype. When the index-type has the form:
index-lowerbound .. index-upperbound,

Append, which

The notion sequential file, meaning "a sequence of values of a givéndatatype, usually stored on some external medium", i an implemen-
tation pf datatype Sequence.

duct space of
ch that every

designate an

the implied index datatvpe is:

integer range(index-lowerbound .. index-upperbound),
and index-lowerbound and index-upperbound shall have integer values, such that index-lowerbound < index-

upperbound.

The value-expressions for index-lowerbound and index-upperbound may be dependent-values when the array datatype ap-
pears as a parameter-type, or in a component of a parameter-type, of a procedure datatype, or in a component of a record
datatype. Neither index-lowerbound nor index-upperbound shall be dependent-values in any other case. Neither index-

lowerbound nor index-upperbound shall be formal-parametric-values, except in certain cases in declarations

(see 9.1).

Values: all functions from the cross-product of the value spaces of the index datatypes appearing in the index-type-list, designat-
ed the index product space, into the value space of the element datatype, such that each value in the index product space

associates to exactly one value of the element datatype.
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Value-syntax:
array-value = value-list .
value-list = "(" independent-value { "," independent-value } ")" .

An array-value denotes a value of an array datatype. The number of independent-values in the value-list shall be equal to
the cardinality of the index product space, and each independent-value shall designate a value of the element datatype. To
define the associations, the index product space is first ordered lexically, with the last-occurring index datatype varying most
rapidly, then the second-last, etc., with the first-occurring index datatype varying least rapidly. The first independent-value
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 fjroperties: homogeneous, fixed size, no uniqueness, no ordering, access is indexed, dimensionality is equaltp the
numbef of index-types in the index-type-list.

Subtypes: gny array datatype having the same index datatypes as the base datatype and an element datatype which is a qubtype
of the base element datatype.

Operations:| Equal, Select, Replace.

Select(x: array (indexj, ..., index,) of (element-type), y: indexy, ..., y,: index,): element-type, is that value of the elgment
d3tatype which x associates with the value (yj, ..., y,) in the index product space;

Equal(k, y: array (indexj, ..., index,) of (element-type)): boolean is true if for every valie(vy, ..., v;) in the index product
space, Select(x, vy, ..., v,) = Select(y, vy, ..., vp), else false;

Replade(x: array (indexj, ..., index,) of (element-type), y;: index,, ..., y,: indexg, z:-element-type): array (index,, ..., index,)
of (element-type) is that value w of the array datatype such that w: (y;,<.3y,) — z,

and for all values p of the index product space except (¥, -.., Yn), Wi . — X(p);

.€. Replace yields the function which associates z with the value (¥, ..., y,) and is otherwise identical to x.

-

NOTES

1.  The geperal array datatype is "multidimensional”, where the number of dimensions and the index datatypes themselves are part of the
conceptual dtatype. The index space is an unordered product space, although it is necessarily ordered in each "dimension”, that is, within each
index datatyge. This model was chosen in lieu of the "array of array"model, in which an array has a single ordered index datatype, in {he belief
that it facilitdtes the mappings to programming languages. Notethat:

type arrayA = array (1..m, 1..n) of (integer);

defines arrayA to be a 2-dimensional datatype, whereas

type arrayB = array (1..m) of (array [1..n]0f (integer));
defines arrayB to be a 1-dimensional (with element'datatype array (1..n) of (integer), rather than integer). This allows languages fin which
A[i][j] is distinguished from A[i, j] to maintain(the distinction in mappings to the LI Datatypes. Similarly, languages which disallow the A[i][j}
construct carj properly state the limitation il the mapping or treat it as the same as A[i, j], as appropriate.

2. The y of a single dimensionis.simply the case in which the number of index datatypes is ! and the index product space is fhe value
space of that| datatype. The order,of\the index datatype then determines the association to the independent-values in a correspondifig array-
value.

3. Support for index datatypes other than integer is necessary to model certain Pascal and Ada datatypes (and possibly others) with equivalent
semantics.

4.  Itis nof required-that the specific index values be preserved in any mapping of an array datatype, but rather that each index dajatype be
mapped 1-to} 1.onte a corresponding index datatype and the corresponding indexing functions be preserved.

5. Since the values of an array datatype are functions, the array datatype is conceptually a special case of the procedure datatype (see 8.3.3).
In most programming languages, however, arrays are conceptually aggregates, not procedures, and have such constraints as to ensure that the
function can be represented by a sequence of values of the element datatype, where the size of the sequence is fixed and equal to the cardinality
of the index product space.

6. Inorder to define an interchangeable representation of the Array as a sequence of element values, it is first necessary to define the function
which maps the index product space to the ordinal datatype. There are many such functions. The one used in interpreting the array-value
construct is as follows:

Let A be a value of datatype array(array (index;, ..., index,) of (element-type). For each index datatype index;, let lowerbound; and up-
perbound; 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:
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Map;(x: index;): integer is:
Map;,(lowerbound;) = 0; and
Map;(Successor;(x)) = Map;(x) + 1, for all x # upperbound,.

And define the constant: size; = Map;(upperbound;) - Map(lowerbound;) + 1. Then Ord(x;: indexy, ..., X,;: index,): ordinal is the ordinal value
corresponding to the integer value:

n n
1+ Y Mapx) e ( IT sizej,; ),
. j=i

i=

where the non-existent size,,, ; is taken to be 1. And the Ord(x, ..., X,,)th position in the sequence representation is occupied by A(xy, ..., X,,).

EXAMPLE — The Fortran declaration:

CHARACTER*1 SCREEN (80, 24)

declares the variable "screen” to have the LI datatype:

array (1..80, 1..24) of character (unspecified).
And thg Fortran subscript operation:

S = SCREEN (COLUMN, ROW)

is equivjalent to the characterizing operation:
Select (screen, column, row);

while
SCREEN(COLUMN, ROW) =S
is equivialent to the characterizing operation:
Replace(screen, column, row, S).
The Fortran standard (ISO/IEC 1539:1991, Information technology — Programming languages — Fortran), however, requifes a mapping
functionm which gives a different sequence representation from that given in Note 6.

8.4.6 | Table

Description: Table generates a datatype, called a table datatype, whose' values are collections of values in the product space of
one or more field datatypes, such that each value in the product@pace represents an association among the values|of its fields.
Although the field datatypes may be infinite, any given value of a table datatype contains a finite number of agsociations.

Syntax:
table-type = "table" "(" field-list ")" .
field-list = field { "," field } .
fiegld = field-identifier ":" field-type .
field-identifier = identifier .
field-type = type-specifier .

Compgnents: 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-list shall be distinct..

Values: The value space of table{field-list) is isomorphic to the value space of bag of (record(field-list)), that is, pll finite col-

lections of associations'répresented by values from the cross-product of the value spaces of all the field datatypes in the
field-list.

Value-pyntax:
tgble-valug. = empty-value | "(" table-entry { "," table-entry } ")" .
table-entry = field-value-list | value-list .

field-value-list = “(" field-value { "," field-value } ")" .
f — field-identifier—tii i .
value-list = "(" independent-value { "," independent-value } ")" .

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-list of the table-type. When the table-entry is a field-value-list, each field-identifier in the field-list of the table datatype
to which the table-value belongs shall occur exactly once in the field-value-list, each field-identifier in the table-entry shall
be one of the field-identifiers in the field-list 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-list, the number of independent-values in the val-
ue-list shall be equal to the number of fields in the field-list of the table datatype to which the value belongs, each indepen-
dent-value shall be associated with the field in the corresponding position, and each independent-value shall designate a val-
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ue of the field datatype of the associated 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) any table datatype which has exactly the same field-identifiers in the field-list, and 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; or
b) any table datatype derived from a base table datatype conforming to (a) by use of the Size subtype-generator (see 8.2.4).

Operations: MaptoBag, MaptoTable, Serialize, IsSEmpty, Equal, Empty, Delete, Insert, Select, Fetch.
MaptoBag(x: table(field-list)): bag of (record(field-list)) is the isomorphism which maps the table to a bag of records.
MaptoTable(x: bag of (record(field-list))): table(field-list) is the inverse of the MaptoBag isomorphism.
Serialize(x: table(field-list)): sequence of (record(field-list)) = Bag.Serialize(MaptoBag(x));

IsEmpty(x: table(field-list)): boolean = Bag IsEmpty(MaptoBag(x));

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

Empty(): table(field-list) = ();

Delete{x: table(field-list), y: record(field-list)): table(field-list) = MaptoTable(Bag.Delete(MaptoBag(x), y));
Insert(k: table(field-list), y: record(field-list)): table(field-list) = MaptoTable(Bag.Insért(MaptoBag(x), y));

Select(x: table (field-list), criterion: procedure(in row: record(field-list)): boolean):table(field-list) = MaptoTable(z), where
is the bag value whose elements are exactly those record values r in MaptoBag(x) for which criterion(r) = trpe.

Fetch(k: table(field-list)): record(field-list), where Not(IsSEmpty(x)), = Sequence.Head(Serialize(x));

N

NOTES

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 ele-
ment list to He a variable length list of field-specifiers.

2. This definition of Table is aligned with the notion of Table specified by ISO 9075:1990, Structured Query Language (SQL) . In[SQL, the
"select procedure” may take as input rows from more than one table, but this is a generalization of the characterizing operation Selegt, rather
than an extention to the Table datatype concept.

3.  Ingendral, access to a Table is indirect, via Fetch erMaptoBag. 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 off all other
fields are saifl 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 d4tabase terminology, such a relationship is said to be of the "third normal form".) The specification of this mapping, when present,
is a complex|part of the SQL language standard.and goes beyond the scope of this International Standard.

8.5 Defiined Datatypes

A defined fatatype is a datatype defined by a rype-declaration (see 9.1). It is denoted syntactically by a type-reference, with
the following syntax:
type-referencé. = type-identifier [ "(" actual-type-parameter-list “)" ] .
type-identifier = identifier .
actua'-type-parameter-list = actual-type-parameter { "," actual-type-parameter } .
actual-type-parameter = value-expression | type-specifier .

The type-identifier shall be the type-identifier of some type-declaration and shall refer to the datatype or datatype generator there-
by defined. The actual-type-parameters, if any, shall correspond in number and in type to the formal-type-parameters of the
type-declaration. That is, each actual-type-parameter corresponds to the formal-type-parameter in the corresponding position
in the formal-type-parameter-list. If the formal-parameter-type is a type-specifier, then the actual-type-parameter shall be a val-
ue-expression designating a value of the datatype specified by the formal-parameter-type. If the formal-parameter-type is
"type”, then the actual-type-parameter shall be a type-specifier and shall have the properties required of that parametric datatype
in the generator-declaration.

The type-declaration identifies the type-identifier in the type-reference with a single datatype, a family of datatypes, or a datatype
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generator. If the type-identifier designates a single datatype, then the type-reference refers to that datatype. If the type-identifier
designates a datatype family, then the type-reference refers to that member of the family whose value space is identified by the
type-definition after substitution of each actual-type-parameter value for all occurrences of the corresponding formal-paramet-
ric-value. If the type-identifier designates a datatype generator, then the type-reference designates the datatype resulting from
application of the datatype generator to the actual parametric datatypes, that is, the datatype whose value space is identified by
the type-definition after substitution of each actual-type-parameter datatype for all occurrences of the corresponding formai-
parametric-type. In all cases, the defined datatype has the values, properties and characterizing operations defined, explicitly or
implicitly, by the type-declaration.

When a type-reference occurs in a type-declaration, the requirements for its actual-type-parameters are as specified by clause
9.1. In any other occurrence of a type-reference, no actual-type-parameter shall be a formal-parametric-value or a formal-para-
metric-ype

9 eclarations

This International Standard specifies an indefinite number of generated datatypes, implicitly, as reetrsive applications of the
datatype generators to the primitive datatypes. This clause defines declaration mechanisms by which new datatyges and gener-
ators ¢an be derived from the datatypes and generators of Clause 8, named and constrained. It-also specifies a declaration mech-
anism for naming values and a mechanism for declaring alternative terminations of procediir¢ datatypes (see 8.3.3).

declaration = type-declaration | value-declaration | procedure-declaration' | termination-declargtion .

NOTH — This clause provides the mechanisms by which the facilities of this International Standard can be extended to mee} the needs of a
particylar application. These mechanisms are intended to facilitate mappings by allowing.for definition of datatypes and subtypes appropriate
to a pgrticular language, and to facilitate definition of application services by allowingthe definition of more abstract datatypeg.

9.1 | Type Declarations

A typk-declaration defines a new type-identifier to refer to a datatype or a datatype generator. A datatype declapation may be
used fo accomplish any of the following:

4 to rename an existing datatype or name an existing.datatype which has a complex syntax, or
1 as the syntactic component of the definition of.a new datatype, or

1 as the syntactic component of the definition of a new datatype generator.

Syntajx:
tpe-declaration = "type" type-identifier [ "(" formal-type-parameter-list ")" ]
=" [ "new" }-type-definition .
pe-identifier = identifier .
rmal-type-parameterélist = formal-type-parameter { "," formal-type-parameter } .
rmal-type-parameter’ = formal-parameter-name ":" formal-parameter-type .
rmal-parametersname = identifier .
rmal-parameter-type = type-specifier | "type" .
pe-definition = type-specifier .
rmal-parametric-value = formal-parameter-name .
rmal-parametric-type = formal-parameter-name .

Every formal-parameter-name appearing in the formal-type-parameter-list shall appear at least once in the type-definition. Each
formal-parameter-name whose formal-parameter-type is a type-specifier shall appear as a formal-parametric-value and each for-
mal-parameter-name whose formal-parameter-type is "type" shall appear as a formal-parametric-type. Except for such occur-
rences, 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 for-
mal-type-parameter-list declares the number and required nature of the actual-type-parameters which must appear in a type-ref-
erence 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
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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.

What the type-identifier is actually declared to refer to depends on whether the keyword "new" is present and whether the formal-
parameter-type "type" is present.

9.1.1 Renaming declarations

A type-declaration which does not contain the keyword "new" declares the type-identifier to be a synonym for the type-definition.
A type-reference referencing the type-identifier refers to the LI datatype identified by the type-definition, after substitution of the

actual datat
9.1.2

A type-deciq
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parameter-li
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to complete
(family) desq
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9.1.3

A type-declq

"type" is saidl to be a generator declaration. A generator declaration declares the type-identifier to be a new datatype ge

parametrizeq
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datatype gen
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tion shall be]
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A value-dec
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New generator declarations

yrg parameters for the corresponding formal datatype parameters.
New datatype declarations

ration which contains the keyword "new" and does not contain the formal-parameter-type "type’ is said

nition defines the value space of the new datatype (family) — there is a one-to-oné\correspondence between
tatype and values of the datatype described by the type-definition. The charaetérizing operations, and an
e new datatype which cannot be deduced from the value space, shall be provided along with the rype-declq
he definition of the new datatype (family). The characterizing operations ‘may be taken from those of the d
bribed by the type-definition directly, or defined by some algorithmic means using those operations.

purpose of the "new" declaration is to allow both syntactic and semantic distinction between datatypes with identical val

cation concerns too complex to appear in the basic characterizing operations is possible. For example, acceleration and
itical computational value spaces and operations (datatype "real)\but quite different physical ones.

ration which contains the keyword "new" and at least one formal-type-parameter whose formal-parameter

by the formal-type-parameters and the associated value space construction algorithm to be that specified
bn.  The characterizing operations, and gther properties of the datatypes resulting from the generator which
rom the value space, shall be provided along with the generator declaration to complete the definition of t
erator.

ype-parameters whose formaliparameter-type is "type" are said to be parametric datatypes. A generator d
accompanied by a statefnent of the constraints on the parametric datatypes and on the values of the other j
ters, if any.

e Declarations

aration declares an identifier to refer to a specific value of a specific datatype. Syntax:

value-

e
value-;tientiﬁer = identifier .

claration = "value" value-identifier ":" type-specifier "=" independent-value .

o be a

Claration. It defines the value-space of a new LI datatype, which is distinct from any other LI datatype. If the for-
list is not present, then the type-identifier is declared to identify a single LI datatype! If the formg
t is present, then the type-identifier is declared to identify a family of datatypes parametrized by the formg

l-type-
l-type-
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quired that the characterizing operations on the new datatype be differentfrom those of the type-definition. A semantic distinction
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cannot
he new

eclara-
lormal-

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 independent-value shall (be interpreted to) designate a value
of the designated LI datatype, as specified by Clause 8 or Clause 10.

No independent-value appearing in a value-declaration shall be a formal-parametric-value and no type-specifier appearing in a
value-declaration shall be a formal-parametric-type.
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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.
termination-declaration = "termination" termination-identifier [ "(* termination-parameter-list “)" ] .
termination-identifier = identifier .
termination-parameter-list = parameter { "," parameter } .
parameter = [ parameter-name ":" ] parameter-type .
parameter-type = type-specifier .

p rameter-name——identifier

The patameter-names of the parameters in a termination-parameter-list shall be distinct. No termination-identifier shall be de-
clared more than once, nor shall it be the same as any type-identifier.

The tetmination-declaration is a purely syntactic object. All semantics are derived from the use of the terminationyidentifier as
a termination-reference in a procedure or procedure datatype (see 8.3.3).

10 Defined Datatypes and Generators

This clquse specifies the declarations for commonly occurring datatypes and generators-which can be derived from the datatypes
and gerferators defined in Clause 8 using the declaration mechanisms defined in Clause 9. They are included in this International
Standaild in order to standardize their designations and definitions for interchafnge purposes.

10.1 Pefined datatypes |

This clause specifies the declarations for a collection of commonly.occurring datatypes which are treated as primitiye datatypes
by some common programming languages, but can be derived from the datatypes and generators defined in Clause|3.

The template for definition of such a datatype is:
Dg¢scription: prose description of the datatype.
Dg¢claration: a type-declaration for the datatype.

Pdrametric values: when the defined datatype is a family of datatypes, identification of and constraints on the jparametric
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 productipns, and
identification of the values denoted thereby.

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

Operations: characterizing operations for the datatype.

The notatien for values of a defined datatype may he of two kinds:

1) If the datatype 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 datatype 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 Natural number

Description: Naturalnumber is the datatype of the cardinal or natural numbers.

Declaration:
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type naturalnumber = integer range (0..*);

Parametric

Values: none.

Values: the non-negative subset of the value-space of datatype Integer.

Properties:

ordered, exact, numeric, unbounded above, bounded below.

Operations: all those of datatype Integer, except Negate (which is undefined everywhere).

10.1.2 Modulo

Description: Modulo is a family of dataypes derived from Integer by replacing the operations with arithmetic operations using

the m

Declaration:

type

Parametric|Values: modulus is an integer value, such that 1 < modulus, designated the modulus of the Modulo datatypg.

Values: all Integer values v such that 0 < v and v < modulus.

Properties:| ordered, exact, numeric.

Operations} Equal, InOrder from Integer; Add, Multiply, Negate.
Add(?c ,y: modulo (modulus)): modulo(modulus) =

1

|11 8 18 Lo

odulo (modulus: integer) = new integer range(0..modulus) excluding(modulus);

teger.Remainder(integer.Add(x,y), modulus).

Negatg(x: modulo (modulus)): modulo (modulus) is the (unique) value y in the value space of modulo(modulus) sych that

Multiply(x,y: modulo (modulus)): modulo(modulus) =
ihteger.Remainder(integer. Multiply(x,y), modulus).

10.1.3

Description:
multiplicative identity.

Declaration:
type bit = modulo(2);

Parametric| Values: none.

Values: O,

Properties:

dd(x,y) =0.

it

Bit is the datatype representing the finite field of (two symbols designated "0", the additive identity, and '{1", the

1
ordered, exact, numeric, bounded.

. (Equal, InOrder, Add; Multiply) from Modulo.

-none

Values: Each value of datatype bitstring is a finite sequence of values of datatype bit. The value-space comprises all such values.

Value-synt
bitstri

ax:
ng-literal = quote { bit-literal } quote .

bit-literal = "0" | "1" .

The bitstring-literal denotes that value in which the first value in the sequence is that denoted by the leftmost bit-literal, the
second value in the sequence is that denoted by the next bit-literal, etc. If there are no bit-literals in the bitstring-literal,
then the value denoted is the sequence of length zero.
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Properties: unordered, exact, non-numeric.

Operations: (Head, Tail, Append, Equal, Empty, IsEmpty) from Sequence (8.4.4).
NOTES

1.  Bitstring is assumed to be a Sequence, rather than an Array, in that the values may be of different lengths.

2. The description and properties of bitstring are identical to those of sequence of (bit). Bitstring is said to be "new" in order to facilitate

mappings. Entities may need to attach special properties to the bitstring datatype.

10.1.5 Character string

Desciiption: Characterstring is a family of datatypes which represent strings of symbols from standard character:

ation:
pe characterstring (repertoire: objectidentifier) = new sequence of (character (repertoire));

etric Values: repertoire is a "repertoire-identifier" (see 8.1.4).

s: Each value of a characterstring datatype is a finite sequence of members of the character-set identified by
he value-space comprises the collection of all such values.

tring-literal = quote { string-character } quote .

tring-character = non-quote-character | added-character | escape-character .
on-quote-character = letter | digit | underscore | special | apostrophe | space .
dded-character = not defined by this International Standard .

scape-character = escape character-name escape .

haracter-name = identifier { "" identifier } .

ach string-character in the string-literal denotes a single¢'member of the character-set identified by repertoir
n 8.1.4. The string-literal denotes that value of the characterstring datatype in which the first value in the se

enoted by the leftmost string-character, the second yalue in the sequence is that denoted by the next string-c
f there are no string-characters in the string-literal, then the value denoted is the sequence of length zero.

Propgrties: unordered, exact, non-numeric, denumerable.
Operations: (Head, Tail, Append, Equal, EmptyyIsEmpty) from Sequence (8.4.4).
NOTHS

ere is no general international standard for collating sequences, although certain international character-set standards
collat' g sequences. Applications which need the order relationship on characterstring, and which share a character-set for W

sets.

repertoire.

P, as provided
uence is that
haracter, etc.

require specific
hich there is no

standgrd collating sequence, need to create a defined datatype or a repertoire-identifier which refers to the character-set and the agreed-upon

collating sequence.
2. Characterstring is definéd to be a Sequence, rather than an Array, to permit values to be of different lengths.

3. The descriptionvand properties of the characterstring(r) datatype are identical to those of sequence of (character(r)).
datatypes are said\to'be "new" in order to facilitate mappings. Entities may need to attach special properties to character string

4.  Many languages distinguish as separate datatypes objects represented by character strings with specific syntactic require

Characterstring
datatypes.

ments. For ex-

ample] LISP has dynamic evaluauon of S- expressrons Prolog has a 51m11ar construct; COBOL represents currency as a
stringl; al -l 3 : :
tached. In a mult1 language envrronment such objects can probably be mampulated only as datatype characterstring, except in
which the special properties were intended to be interpreted. Thus, such datatypes should be declared as LI datatypes "derived
string", e.g.:

type identifier = new characterstring(repertoire) size(1..maxidsize);

or:
type editcharacter = character({iso standard 646}) selecting ('0"..'9", ", ", '+, '=’,'§’, '#,"*");
type numericedited = new sequence of (editcharacter);

numen’c edited

ies will be at-
the language in
from character-

In each case, the keyword "new" should be used to indicate the presence of unusual characterizing operations, formation rules and interpreta-

tions (see 9.1.2).
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10.1.6 Time interval

Description: Timeinterval is a family of datatypes representing elapsed time in seconds or fractions of a second (as opposed to
Date-and-time, which represents a point in time, see 8.1.6). It is a generated datatype derived from a scaled datatype by
limiting the operations.

Declaration:
type timeinterval(unit. timeunit, radix: integer, factor. integer) = new scaled (radix, factor);
type timeunit = state(year, month, day, hour, minute, second);

Parametric Values: Radix is a positive integer value, and factor is an integer value.

Values: all values which are integral multiples of one radix' Fxetor) Tt of the specified timeunit.
Properties: grdered, exact, numeric, unbounded.

Operations: [Equal, Add, Negate) from Scaled; ScalarMultiply.

Let scaled. Multiply() be the Multiply operation defined on scaled datatypes. Then:

ScalarMultiply(x: scaled(r.f), y: timeinterval(x,r,f)): timeinterval(x,r,f) = scaled.Multiply(x,y).
EXAMPLE —} timeinterval(second, 10, 3) is the datatype of elapsed time in milliseconds.

10.1.7 Ogtet

Description: [ Octet is the datatype of 8-bit codes, as used for character-sets and private €ncodings.

Declaration:
type odtet = new integer range (0..255);

Parametric Malues: none.
Values: Each value of datatype Octet is a code, represented by a non=fiegative integer value in the range [0, 255].
Properties: grdered, bounded, exact, non-numeric, finite.

Operations: |(Equal, InOrder) from Integer.
NOTES
1. Octet is p common datatype in communications protocols.

2. Itis common to define "characterizing operations" that convert an octet value to a bitstring value or an array of bit value, but thgre is no
agreement on [which bit of the octet is first in the bit'string, or equivalently, how the array indices map to the bits.

10.1.8 Octet string

Description:| Octetstring is the datatype of variable-length encodings using 8-bit codes.

Declaration:
type odtetstring = sequence of (octet);

Parametric Yalues: Tione.

Values: Eadh value of the octetstring datatype is a finite sequence of codes represented by octet values. The value-spac¢ com-
prises the collection of all such values, including the empty sequence.

Properties: unordered, exact, non-numeric, denumerable.

Operations: (Head, Tail, Append, Equal, Empty, ISEmpty) from Sequence (8.4.4).

NOTE — Among other uses, an octetstring value is the representation of a characterstring value, and is used when the characterstring is to be
manipulated as codes. In particular, octetstring should be preferred when the values may contain codes which are not associated with charac-
ters in the repertoire.

10.1.9 Private

Description: A Private datatype represents an application-defined value-space and operation set which are intentionally con-
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cealed from certain processing entities.

Declaration:

type private(/length: NaturalNumber) = new array (1../length) of (bit);

Parametric Values: Length shall have a positive integer value.

Values: application-defined.

Properties: unordered, exact, non-numeric.

Operations: none.

NOTES

1.

2.

There is no denotation for a value of a Private datatype.

The purpose of the Private datatype is to provide a means by which:
a)| an object of a non-standard datatype, having a complex internal structure, can be passed between two parti€s which upderstand the
type through a standard-conforming service without the service having to interpret the internal structire;-or

b)| values of a datatype which is meaningless to all parties but one, such as "handles", can be provided to an end-user for later use by
the knowledgeable service, for example, as part of a package interface.

In eithef case, the length and ordering of the bits must be properly maintained by all intermediaries. Jn'the former case, the Prjvate datatype
may be ¢ncoded by the provider (or his marshalling agent) and decoded by the recipient (or his marshalling agent). In the latter cgse the Private
datatypg will be encoded and decoded only by the knowledgeable agent, and all others, including(end-users, will handle it as a bjt-array.

10.1.1D Object identifier

Descri

Declaration:

Paramdtric Values: none.

tion: Objectidentifier is the datatype of "object identifiers", i.e. values,which uniquely identify objects in a (Open Sys-
telIns Interconnection) communications protocol, using the formal struicture defined by Abstract Syntax Notatjon One
(ISO/IEC 8824:1990).

type objectidentifier = new sequence of (objectidentifiercomponent) size(1..*);
type objectidentifiercomponent = new integer range(0..);

Values] The value space of datatype objectidentifiercomponent is isomorphic to the cardinal numbers (10.1.1), but the meaning

Value gyntax:

ofleach value is determined by its position,ip-an objectidentifier value.

The meaning of each objectidentifieccomponent value within the objectidentifier value is determined by the seqyience of val-
uds preceding it, as provided by ISOAEC 8824:1990. The sequence constituting a single value of datatype objgctidentifier
urfiquely identifies an object.

T}e value-space of datatype objectidentifier comprises all non-empty finite sequences of objectidentifiercomponent values.

objectidentifier-value. =)ASN-object-identifier | collection-identifier .
ABN-object-identifiet/= “{* objectidentifiercomponent-list “}" .
objectidentifierécemponent-list = objectidentifiercomponent-value { objectidentifiercomponent-valu¢ } .
objectidentifiercomponent-value = nameform | numberform | nameandnumberform .
nameform-="identifier .

numberform = number .

nameandnumberform = identifier “(* numberform “)” .

collection-identifier = registry-name registry-index .

registry-name = "ISO_10646" | "ISO_2375" | "ISO_7350" | "ISO_10036" .
registry-index = number .

An objectidentifier-value denotes a value of datatype objectidentifier. An objectidentifiercomponent-value denotes a value
of datatype objectidentifiercomponent. A value-identifier appearing in the numberform shall refer to a non-negative integer

value. In all cases, the value denoted by an ASN-object-identifier is that prescribed by ISO/IEC 8824:1990 Abstract Syntax
Notation One.

A collection-identifier denotes a value of datatype objectidentifier which refers to a registered character-set.
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Properties: [ unordered, exact, non-numeric.
Operations|on objectidentifiercomponent: Equal from Integer;

Operationsfon objectidentifier: Append from Sequence; Equal, Length, Detach, Last.

NOTES

1.

although thely could be derived by using the Sequence operations.

2.

The keyword "ISO_10646" refers to the collections defined in Annex A of ISO/IEC 10646-1:1993 and the collection des-
ignated is that collection whose "collection-number"” is the value of registry-index. The form of the object identifier value is:
{ iso(1) standard(0) 10646 part1(1) registry-index }.
A collection-identifier beginning with the keyword "ISO_2375" designates the collection registered under the provisions
of ISO 2375:1985 whose registration-number is the value of registry-index. The form of the object identifier value is:
{ iso(1) standard(0) 2375 registry-index }.
A collection-identifier beginning with the keyword "ISO_7350" designates the collection registered under the provisions
of ISO 7350:1991 whose registration-number is the value of registry-index. The form of the object identifier value is:
{ iso(1) standard(0) 7350 registry-index }.
A collection-identifier beginning with the keyword "ISO_10036" designates the collection registered under the provisions
of ISO 10036:1991 whose registration-number is the value of registry-index. The form of the object identifier value is:
{ icn(‘) ctanla;d‘@)_l_ﬂﬂ&ﬁ_gggjﬂgmdpv }

Length(x: objectidentifier): integer is the number of objectidentifiercomponent values in the sequenee x;

Detach(x: objectidentifier): objectidentifier, where Length(x) > 1, is the objectidentifier formed)by removing the Igst
opjectidentifiercomponent value from the sequence x;

Last(x: objectidentifier): objectidentifiercomponent is the objectidentifiercomponent value which is the last element of the
s¢quence X;

Equal(x,y: objectidentifier): boolean =

{ Not(Length(x) = Length(y)) then false,

se if Not(objectidentifiercomponent.Equal(Last(x), Last(y))) then false,
se if Length(x) = 1 then true,

se Equal(Detach(x), Detach(y));

o o o0 =

IsEmp{y, Head and Tail from Sequence are not meaningful on datatype objectidentifier. Therefore, Length and Equal are defined here,

Object|dentifier is treated as a primitive type by many applications, but the mechanism of definition of its value space, and the yse of that

mechanism py some applications, such as Directory Seryices for OSI, requires the values to be lists of an accessible element|datatype

(objectidentifiercomponent).

10.2 Defined generators

This clause specifies the declarations-for-a collection of commonly occurring datatype generators which can be derived from the

datatypes apd generators appearing.in’Clause 8.

The template for definition of'such a datatype generator is:
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Descr]ption: prose description of the datatype generator.

Declaration: a type-declaration for the datatype generator.

Comppnents! number of, and constraints on, the parametric datatypes and parametric values used by the genpration
procedure.

Values: formal definition of the resulting value space.

Properties: properties of the resulting datatype which indicate its admissibility as a component datatype of certain

datatype generators: numeric or non-numeric, approximate or exact, ordered or unordered, and if
ordered, bounded or unbounded.

When the generator generates an aggregate datatype, the aggregate properties described in clause 6.8 are
also specified.

Operations: characterizing operations for the resulting datatype which associate to the datatype generator. The
definitions of operations have the form described in 8.1.
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10.2.1 Stack

Description: Stack is a generator derived from Sequence by replacing the characterizing operation Append with the characteriz-
ing operation Push. That is, the insertion operation (Push) puts the values on the beginning of the sequence rather than the
end of the sequence (Append).

Declaration:
type stack (element. type) = new sequence of (element);

Components: element may be any datatype.

Values: all finite sequences of values from the element datatype.

~"

Aggré¢gate properties: homogeneous, variable-size, no uniqueness, imposed ordering, access indirect (by pesition
Opergtions: (IsEmpty, Equal, Empty) from Sequence; Top, Pop, Push.
op(x: stack (element)): element = sequence.Head(x).
op(x: stack (element)): stack (element) = sequence.Tail(x).

ush(x: stack (element), y: element): stack (element) is the sequence formed by adding the single value y to the beginning
of the sequence x.

10.2 Tree

Desctiption: Tree is a generator which generates recursive list structures.

Decldration:

type tree (leaf: type) = new sequence of (choice( state(atom, list) ) of (
(atom): eaf,

(list): tree(leal)));

Components: leaf shall be any datatype.

Valugs: all finite recursive sequences in which every valu€-s either a value of the leaf datatype, or a (sub-)tree itself. Ultimately,
¢very "terminal" value is of the leaf datatype.

Propgrties: unordered, non-numeric, exact if andlonly if the leaf type is exact, denumerable.

Aggregate properties: homogeneous, variable*size, no uniqueness, imposed ordering, access indirect (by positior

bt

Operations: (IsEmpty, Equal, Empty, Head, Tail) from Sequence; Join.

To fafilitate definition of the operations, the datatype tree_member is introduced, with the declaration:
ype tree_member(leaf, type) = choice( state(atom, list) ) of ((atom): leaf, (list): tree(leaf));

tree_ember(leaf) is then the'element datatype of the sequence datatype underlying the tree datatype.

oin(x: tree(leaf) yystree_member(leaf)): tree(leaf) is the sequence whose Head (first member) is the value y, ahd whose Tail
is all members of the sequence x.

NOTE — Tree.js_an aggregate datatype which is formally an aggregate (sequence) of tree_members. Conceptually, tree [is an aggregate
datatyjpe whose values are aggregates of leaf values. In either case, it is proper to consider Tree a homogeneous aggregate.

10.2 Cyclic enumerated

Description: Cyclic (enumerated) is a generator which redefines the successor operation on an enumerated datatype, so that the
successor of the last value is the first value.

Declaration:
type cyclic of (base: type) = new base;

Components: base shall designate an enumerated datatype.
Values: all values v of the base datatype.

Properties: ordered, exact, non-numeric.

53


https://standardsiso.com/api/?name=06bd919a7ce9da5dadada0e61fe0f43a

iSO/IEC 11404:1996 (E) © ISO/IEC
Operations: (Equal, InOrder) from the base datatype; Successor.
Let base.Successor denote the Successor operation defined on the base datatype; then:

Successor(x: cyclic of (base)): cyclic of (base) is
if for all y in the value space of base, Or(Not(InOrder(x,y)), Equal(x,y)), then that value z in the value space of base
such that for all y in the value space of base, Or(Not(InOrder(y,z)), Equal(y,z));else base.Successor(x).

10.2.4 Optional

Declaration:
type optional(base: type) = new choice (boolean) of ((irue): base, (false): void);

Componentp: base shall designate any datatype.

Values: all|[values v of the base datatype plus the "nil value" of void. This type is isomorphic to the set of pait$:
{ (true| v) I v in base } union { (false, nil) },
which fis the modelled value space of the choice-type.

Properties: |all properties of the base datatype, except for the value "nii".
Operations:| IsPresent (= Discriminant from Choice); all operations on the base datatype, modifi€d‘as indicated below.

IsPres¢nt(x: optional(base)): boolean = Discriminant(x);

All unary operations of the form: Unary-op(x: base): result-type are defined on optional(base) by:

Unary{op(x: optional(base)): result-type is if IsPresent(x) then Unary-op(Castbase(x)), else undefined.

All binary gperations of the form: Binary-op(x, y: base): result-type are definied on optional(base) by:

Binary-op(x, y: optional(base)): result-type is:
ifl And(IsPresent(x), IsPresent(y)), then Binary-op(Cast.basé(x), Cast.base(y)),
else undefined.

Other operadtions are defined similarly.

NOTE — Af optional datatype is the proper type of an object, stich’as a parameter to a procedure or a field of a record, which in some [nstances
may have no| value.

EXAMPLESY

1. A recogd-type containing optional (sometimes:not present or "undefined") values can be declared:
record (

required_name: characterstring,

optional_value: pptional(integer));

2. A procgdure parameter which-may only sometimes be provided can be declared:
procedure search(in t: T, in tableT: sequence of (T), in index: optional(procedure(in i: integer, in j: integer): integer)):
boolean;

The parametpr index, which is an indexing function for tableT, need not always be provided. That is, it may have value "nil".

11 Mappings

This clause defines the general form of and requirements for mappings between the datatypes of a programming or specification
language and the LI datatypes.

The internal datatypes of a language are considered to include the information type and structure notions which can be expressed
in that language, particularly those which describe the nature of objects manipulated by the language primitives. Like the LI
datatypes, the datatype notions of a language can be divided into primitive datatypes and datatype generators. The primitive
datatypes of a language are those object types which are considered in the language semantics to be primitive, that is, not to be
generated from other internal datatypes. The datatype generators of a language are those language constructs which can be used
to produce new datatypes, objects with new datatypes, more elaborate information structures or static inter-object relationships.
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This International Standard defines a neutral language for the formal identification of precise semantic datatype notions — the LI
datatypes. The notion of a mapping between the internal datatypes of a language and the LI datatypes is the conceptual identifi-
cation of semantically equivalent notions in the two languages. There are then two kinds of mappings between the internal
datatypes of a language and the LI datatypes:

 a mapping from the internal datatypes of the language into the LI datatypes, referred to as an outward mapping, and
» a mapping from the LI datatypes to the internal datatypes of the language, referred to as an inward mapping.

This International Standard does not specify the precise form of a mapping, because many details of the form of a mapping are
language-dependent. This clause specifies requirements for the information content of inward and outward mappings and con-
ditions for the acceptability of such mappings.

NOT!

types, which have specific datatypes expressed in a specific language or languages. The datatypes of a program modulelor servicg specification
can thefefore be described in the LI datatypes language directly, or inferred from the inward and outward mapping$.of- the language in which
the mo[ule or specification is written.

Eﬂ
1. l\]apping, in this sense, does not apply to program modules or service specifications directly, because they manipulate %ﬁciﬁc object-

2. The companion notion of conversion of values from an internal representation to a neutral representation associated with LI datatypes is
not a part of this International Standard, but may be a part of standards which refer to this International Standard.

11.1 |Outward Mappings

An oufward mapping for a primitive internal datatype shall identify the syntactic and semantic constructs and relatignships in the
language which together uniquely represent that internal datatype and associate the internal datatype with a corr¢sponding LI
datatype expressed in the formal language defined by Clauses 7 through 10«

An outward mapping for an internal datatype generator shall identify the syntactic and semantic constructs and relationships in
the language which together uniquely represent that internal datatype“generator and associate the internal datatype ggnerator with
a corrgsponding LI datatype generator expressed in the formal language defined in this International Standard.

The cdllection of outward mappings for the datatypes and datatype generators of a language shall be said to constitut¢ the outrward
mappihg of the language and shall have the following properties:

i) to each primitive or generated internal datatype, the mapping shall associate a single corresponding LI datatype; and

ij) for each internal datatype, the mapping shall specify the relationship between each allowed value of the internal
datatype and the equivalent value of the corresponding LI datatype; and

iiff) for each value of each LI datatype appearing in the mapping, the mapping shall specify whether any value of any in-
ternal datatype is mapped onto it, and if so, which values of the internal datatypes are mapped onto it.

NOTE$

1. There is no requirement for a primitive internal datatype to be mapped to a primitive LI datatype. This International Standard provides a
variety[of conceptual mechanisms for creating generated LI datatypes from primitive or previously-created datatypes, which arg, inter alia, in-
tended fto facilitate mappings.

2. internal datatype constructed by application of an internal datatype generator to a collection of internal parametric daLatypes will be
implicifly mapped to the LI datatype generated by application of the mapped datatype generator to the mapped parametric datatypes. In this
way, pfoperty (i) above may be satisfied for internal generated datatypes.

3. The conceptual mapping to LI datatypes may not be either 1-to-1 or onto. A mapping must document the anomalies in the identification
of internal datatypes with LI datatypes, specifically those values which are distinct in the language, but not distinct in the LI datatype, and those
values of the LI datatype which are not accessible in the language.

4. Among other uses, an outward mapping may be used to identify an internal datatype with a particular LI datatype in order to require op-
eration or representation definitions specified for LI datatypes by another standard to be properly applied to the internal datatype.

5. Anoutward mapping may be used to ensure that interfaces between two program units using a common programming language are prop-
erly provided by a third-party service which is ignorant of the language involved.
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11.2 Inward Mappings

An inward mapping for a primitive LI datatype, or a single generated LI datatype, shall associate the LI datatype with a single
internal datatype, defined by the syntactic and semantic constructs and relationships in the language which together uniquely rep-
resent that internal datatype. Such a mapping shall specify limitations on the parametric values of any LI datatype family which
exclude members of that family from the mapping. Different members of a single LI datatype family may be mapped onto dis-

similar internal datatvpee

SAIIIAL LICINRAL Galaly

An inward mappmg fora Ll datatype generator shall associate the LI datatype generator with an internal datatype generator, de-

fined by the syntactic and semantic constructs and relationships in the language which together uniquely represent that internal

datatype generator Such a mappmg shall spec1fy hmltatlons on the parametrlc datatypes of any LI datatype generator which
excludeco ding classes atatype - X

An inward mapping for a LI datatype shall associate the LI datatype with an internal datatype on which it is possible-to implement

mappings for the LI datatypes and datatype generators onto the internal datatypes and datatypge gener-
ators of a lén e shall be said to consn e the inward mapping of the language and shall have the following propertjes:

ators of a langunage sh 1app e and shall have the following propert

1 suiage {ag .-—.AA.&“AA 11 A\ o
Iqnguagc (as Spolilicu ifi 11 <), a

i)  fpr each LI datatype (pnmmve r generate ) h pp ng shall specify whether the\LI datatype is supported by the
/ A ingla
\ 1a gie

arracnonding internal datatune: an
Ull\rey\}llullls 1aviaiial uulut]y\a, al l

if) fpr each LI datatype which is supported, the mapping shall specify the relationship between each allowed valpe of the

I datatype and the equivalent value of the corresponding internal datatype,-and

==

iii) fpr each value of an internal datatype, the mapping shall specify whethér that value is the image (under the mapping)
f any value of any LI datatype, and if so, which values of which:I)I datatypes are mapped onto it.

o

NOTES

1. A LI generated datatype which is not specifically mapped by a primitive datatype mapping, and whose parametric datatypes gre admis-
sible under {he constraints on the datatype generator mapping, will beZimplicitly mapped onto an internal datatype constructed by application
of the mappgd internal datatype generator to the mapped internal parametric datatypes.

2. Whenja LI datatype, primitive or generated, is mapped ont0 a language datatype, whether explicitly or implicitly by mapping the gener-
ators, the aspociated internal datatype should support the-sémantics of the LI datatype. The proof of this support is the ability to pgrform the
characterizing operations on the internal datatype. It i§ not necessary for the language to support the characterizing operations directly (by op-
erator or buflt-in function or anything the like), but it-is fiecessary for the characterizing operations to be conceptually supported by the internal
datatype. Either it should be possible to write procedures in the language which perform the characterizing operations on objects of the associ-
ated interna} datatype, or the language standard'should require this support in the further mappings of its internal datatypes, whethef into rep-
resentations|or into programming languages.

3. The cqnceptual mapping onto intérnal datatypes may not be either 1-to-1 or onto. A mapping must document the anomalies irf the asso-
ciation of internal datatypes with LI\datatypes, specifically those values which are distinct in the LI datatype, but not distinct in the Janguage,
and those v3lues of the internal-datatype which are not accessible through interfaces using LI datatypes.

4. Aninward mappingto.a programming language may be used to ensure that an interface between two program units specified i terms of
LI datatype$ can be properly used by programs written in that language, with language-specific, but not application-specific, softyare tools
providing cpnversions-of information units.

11.3 Repyerse Inward Mapping

An inward mapping from a LI datatype into the internal datatypes of a language defines a particular set of values of internal
datatypes to be the image of the LI datatype in the language. The reverse inward mapping for a LI datatype maps those values
of the internal datatypes which constitute its image to the corresponding values of that LI datatype using the correspondence
which is established by the inward mapping. For the reverse inward mapping to be unambiguous, the inward mapping of each
LI datatype must be 1-to-1. This is formalized as follows:

i) ifais avalue of the LI datatype and the inward mapping maps a to a value a’ of some internal datatype, then the inward
mapping shall not map any value b of the same LI datatype into a’, unless b = a; and
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i)

inward mapping maps a’ to a; and

ii)

ISO/IEC 11404:1996 (E)

if a is a value of a LI datatype and the inward mapping maps a to a value a’ of some internal datatype, then the reverse

if c is a value of a LI datatype which is excepted from the domain of the inward mapping, i.e. maps to no value of the

corresponding internal datatype, then there is no value ¢’ of any internal datatype such that the reverse inward mapping

maps ¢’ to c.

The reverse inward mapping for a language is the collection of the reverse inward mappings for the LI Datatypes.

NOTES

1.

units
guage
used i
to the

passeq

betwe
dataty|
None

is used by the programmer for that program umt to select approprlate 1ntemal datatypes ‘and values to represent the infor
1 the interface. Information is then sent by one program unit, using the reverse inward mapping for its language toqmap'th
intended values of the LI datatypes, and received by the other program unit, using the inward mapping to map.the LI
into suitable internal values. The actual transmission of the information may involve three software tools: one.to perforn
en the sender form and the interchange form, automating the reverse inward mapping, one to transmit the ‘interchange fq
pes, and one to perform the conversion between the interchange form and the receiving internal form\automating the ir
pf these intermediate tools depends on the particular interface being used. Thus, it is possible to implement an arbitraryf

LI dathatypes, in any programming language which supports those datatypes without interface-specific tools.

2.

The reverse inward mapping for a language does not have useful formal properties. The same internal value can be mg

differ¢nt values, as long as the different values belong to different LI datatypes. It is the per-datatype reverse inward mapping

11.4

Support of Datatypes

An information processing entity is said to support a LI datatype if its mapping of that datatype into some interna

11.2)

preserves the properties of that datatype (see 6.3) as defined in this subclause.

NOTHE — For aggregate datatypes, preservation of the "aggregate propefties” defined in 6.8 is not required.

11.4,

For a
if and

114
For a

order
true i

11.4,

For a

abovg,

1 Support of equality

mapping to preserve the equality property, any twoinstances a, b of values of the internal datatype shall be co
only if the corresponding values a’, b’ of the'l’Fdatatype are equal.

2 Support of order

mapping to preserve the order property, the order relationship defined on the internal datatype shall be cons
relationship defined on the Lldatatype. That is, for any two instances a, b of values of the internal datatype
f and only if, for the corresponding values a’, b’ of the LI datatype, a’ <b’.

3 Support of bounds

mapping to presérye the bounds, the internal datatype shall be bounded above if and only if the LI dataty|
and the internal-datatype shall be bounded below if and only if the LI datatype is bounded below.

NOTE — It follows’'that the values of the bounds must correspond.

1.4

Support of cardinality

When an mterface between two program units is specrﬁed interms of L1 datatypes itis possrble for the mterface to be utilized by program

Ing for each lan-
mation which is
internal values
datatype values
A the conversion
rm based on LI
yward mapping.
interface using

pped to several
Which is useful.

datatype (see

nsidered equal

istent with the
a < b shall be

pe is bounded

For a mapping to preserve the cardinality of a finite datatype, the internal datatype shall have exactly the same number of values
as the LI datatype. For a mapping to preserve the cardinality of an exact, denumerably infinite datatype, there shall be exactly
one internal value for every value of the LI datatype and there shall be no a priori limitation on the values which can be repre-
sented. For a mapping to preserve the cardinality of an approximate datatype, it suffices that it preserve the approximate property,
as provided in 6.3.5.

NOTES
1. There may be accidental limitations on the values of exact, denumerably infinite datatypes which can be represented, such as the total

amount of storage available to a particular user, or the physical size of the machine. Such a limitation is not an intentional limitation on the
datatype as implemented by a particular information processing entity, and is thus not considered to affect support.
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2. Anentity which a priori limits integer values to those which can be represented in 32 bits or characterstrings to a length of 256 characters,
however, is not considered to support the mathematically infinite Integer and CharacterString datatypes. Rather such an entity supports de-
scribable subtypes of those datatypes (see 8.2).

11.4.5 Support for the exact or approximate property

To preserve the exact property, the mapping between values of the LI datatype and values of the internal datatype shall be 1-to-1.

For an inward mapping to preserve the approximate property, every value which is distinguishable in the LI datatype must be
distinguishable in the internal datatype.

NOTE — The internal datatype may have more values than the LI datatype, i.e. a finer degree of approximation.

For an outwafd mapping to preserve the approximate property, every value which is distinguishable in the internal datatypg must
be distinguishable in the LI datatype.

11.4.6 Support for the numeric property

There are no fequirements for support of the numeric property. Support for the numeric property is a requirement on represen-
tations of the[values of the datatype, which is outside the scope of this International Standard.
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Annex A
(informative)

Character-Set Standards

The following is a partial list of International Standards which define character-sets. Character sets defined by such standards
are suitable for reference by a “repertoire-identifier” in the Character and CharacterString datatypes.

These §tandards definie character-sers, i e Sense of Tepertoires of characters. Most of them also define - character codes” —
integer| values used to represent the character values for certain computational purposes. Whether “character(repentoire)” is in-
terpret¢d as requiring the characters to be represented by the codes defined by the repertoire is outside of the(scope [of this Inter-
nationgl Standard.

None df these standards defines a collating sequence or order relationship on the character-sets. The definition of such an order
relationship requires additional standards or application agreements. Order relationships commonly supported by programming
langua}es are based on the integer ordering of the code values used in a particular implementation of the language.| Such order-
ings have no semantics with respect to the character-set itself and are outside the scope of this International Standard.

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

ISO 2047:1975 Information processing — Graphical representations for-the control characters of the| 7-bit coded
character set
1SO 9(J36:1987 Information processing — Arabic 7-bit coded character set for information interchange

ISO/MMEC 2022:1994 Information technology — Character code structure and extension techniques
ISO/TEC 6937:1994 Information technology — Coded graphic character set for text communication — Latin alphabet

ISO/IEC 4873:1991 Information technology — ISO 8-bit code for information interchange —
Structure and rules for implementation

ISO 8859-1:1987 Information processing < '8-bit single byte coded graphic character sets —
Part 1: Latin alphabet;No. 1

1SO 8859-2:1987 Information progessing — 8-bit single byte coded graphic character sets —
Part 2: Latin alphabet No. 2

ISO 8859-3:1988 Information processing — 8-bit single byte coded graphic character sets —
Part-3> Latin alphabet No. 3

ISO 8859-4:1988 Information processing — 8-bit single byte coded graphic character sets —
Part 4: Latin alphabet No. 4

ISO/MEC 8859<5:1988  Information processing — 8-bit single byte coded graphic character sets —
Part 5: Latin/Cyrillic alphabet

Q

ISO 88

Part 6. Latin/Arabic aphabet

ISO 8859-7:1987 Information processing — 8-bit single byte coded graphic character sets —
Part 7: Latin/Greek alphabet

ISO 8859-8:1988 Information processing — 8-bit single byte coded graphic character sets —
Part 8: Latin/Hebrew alphabet

ISO/EC 8859-9:1989  Information processing — 8-bit single byte coded graphic character sets —
Part 9: Latin alphabet No. 5
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ISO/IEC 8859-10:1992

ISO/IEC 10367:1991

ISO/TEC 10646-1:1993

ISO/TEC 6429:1992

ISO 6630: 1986

Information technology — 8-bit single byte coded graphic character sets —
Part 10: Latin alphabet No. 6

Information technology — Standardized coded graphic character sets for use in 8-bit codes

Information technology — Universal Multiple-Octet Coded Character Set (UCS) —
Part 1: Architecture and Basic Multilingual Plane

Information technology — Control functions for coded character sets

Documentation — Bibliographic control characters

iSO/IEC 11404:1996 (E) © ISO/IEC

ISO/MEC 10538:1991
ISO 5426:1Pp83
ISO 5427:1984
ISO 5428:1p84

ISO 6438:1083

ISO 6861: 1!
ISO 6862: +!
ISO 8957: +!
ISO 10585{ —!
ISO 10586] —!
I1SO 10754] —!

ISO/IEC 9541-1:1991
ISO/IEC 9341-2:1991
ISO/IEC 9§41-3:1994
ISO/IEC 9§41-4: ~!

ISO 6093:1985

Information technology — Control functions for text communication
Extension of the Latin alphabet coded character set for bibliographic information interchange
Extension of the Cyrillic alphabet coded character set for bibliographic informatieninterchan
Greek alphabet coded character set for bibliographic information interchange

Documentation — African coded character set for bibliographic informdtion interchange

Information and documentation — Cyrillic alphabet coded character sets for historic 3
languages and European non-Slavonic languages written in~a Cyrillic script, for biblio
information interchange

Information and documentation — Mathematical coded/character set for bibliographic info
interchange

Information and documentation — Hebrew alphabet coded character sets for bibliographic info
interchange

Information and documentation —(Armenian alphabet coded character set for biblid
information interchange
Information and documentation — Georgian alphabet coded character set for biblid

information interchange

pe

D

blavonic
graphic

rmation

rmation

graphic

graphic

Information and dociméntation — Extension of the Cyrillic alphabet coded character set for nop-Slavic

languages for bibliggraphic information interchange
Informatiofi technology — Font information interchange — Part 1: Architecture

Information technology — Font information interchange — Part 2: Interchange Format

Information technology — Font information interchange — Part 3: Glyph Shape Representatipn

Information technology — Font information interchange — Part 4: Application-specific requifements

Information processing — Representation of numeric values in character strings for infg

rmation

inte rrhnngp

ISO/TEC 8824:1990

(defines character sets and syntax for numeric strings)

Information technology — Open Systems Interconnection — Abstract Syntax Notation One (ASN.1)
(defines interchange character sets both directly and by reference to sets registered under ISO 2375)

1. To be published
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The following are International Standards for character-set registration. Character sets registered under the provisions of these
standards are suitable for reference by a "repertoire-identifier” in the Character and CharacterString datatypes.

ISO 2375:1985 Data Processing — Procedure for the registration of escape sequences
ISO/IEC 7350:1991 Information technology — Registration of repertoires of graphic characters from ISO 10367

ISO/IEC 10036:1993  Information technology — Font information interchange — Procedure for registration of glyph and
glyph collection identifiers
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Annex B
(informative)
Recommended Placement of Annotations

An annotation (see 7.4) is a descriptive information unit attached to a type-specifier, or a component datatype, or a procedure
(value), to characterize some aspect of the representations, variables, or operations associated with values of the datatype, or the
component or procedure, in some particular context. This International Standard does not specify the syntax or semantics of any
speciﬁc annotations. Common conventions tor the placement ot annotations, however, makes 1t €asier 10r the Teader 1o deter-
mine the otfject to which an annotation is intended to apply and the context in which it is intended to apply. This anngX)fontains
guidelines for placement of annotations in the syntax and corresponding distinctions in the scope of application‘of the|annota-
tions, as required by clause 7.4.

Use of the fecommended placement conventions improves the compatibility of usages and implementatjons of the LI dgtatypes,
to the extent that they involve such annotations. Use of additional or substitute conventions by other standards and implementa-
tions is confsistent with this International Standard.

— a

B.1

Type-attribuies

A type-attribute is an annotation attached to a type-specifier, and in particular to thetype-specifier of a type-definition, which
characterizs some aspect of the values or variables of the datatype specified, or the operations on those values or varipbles, in
some partidqular context. Type-attributes may include, among others:

* limifations on, or identification of parameters describing, the value-space of the datatype as implemented, or as used in a
particular context,

« con§traints on, or specifications for, representation of the values®f the datatype,

« congtraints on, or specifications for, the operations which may be performed on values of the datatype,

« idenitification of procedures or parameters to be used for'conversion of values of the datatype for a particular intefchange
or external medium.

Type-attributes should immediately follow the type-specifier for the datatype to which they are intended to apply. In particular,

an annotatjon which applies to the element-type of an-aggregate-type should appear inside the parentheses, while an anpotation
which appljes to the aggregate-type should appear‘outside the parentheses.

B.2 Component-attributes

A compongnt-attribute is an anfiotation attached to a component of a generated-type which characterizes some aspect of the
operations pn, or representations of, values in that component of the particular generated datatype (i.e. values used in that role,
as distinct from general limitatjons on values of the datatype of the component) in some particular context. Component-gttributes
may include, among othefs:

« any|of the attribute notions given in B.1, but restricted to the component,
* spegification.of the ordering, representation or alignment of the component in an aggregate structure,
* limitations on access to the component.

Component-attributes should immediately precede the component type-specifier for the component to which they are intended
to apply. That is, in a record-type, they should precede the field-type; in a choice-type, they should precede the alternative-type;
and in a homogeneous aggregate-type, they should precede the element-type.

B.3 Procedure-attributes
A procedure-attribute is an annotation attached to a procedure-declaration which characterizes some aspect of the invocation

or use of the named procedure, in some particular context. Procedure-attributes may include, among others:
« specification of the location of its instantiations,
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« specification of the procedure interface.

Procedure-attributes should precede the keyword “procedure” or follow the entire type-specifier. In addition, procedure-at-
tributes should be distinguishable from type- or component- attributes by their text. ’

B.4 Argument-attributes

An argument-attribute is an annotation attached to an argument to a procedure-declaration or procedure-type which charac-
terizes some aspect of the operations on, or representations of, values passed through that argument of the particular procedure
or procedure datatype (as distinct from general limitations on the datatype which is the argument-type) in some particular context.
Argument-attributes may include, among others:

4 any of the attribute notions given in B.1, but restricted to the use of the datatype in this argument,
1 specification of the means of passing the argument.

Argument-attributes should immediately precede the argument or return-argument which they are intendéd to desdribe (in a pro-
cedune-type, a procedure-declaration, or a termination-declaration).
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Annex C
(infAarmativa)
\II IIUIIIluLIVU’
Implementation Notions of Datatypes

This annex defines a collection of datatype notions excluded from this International Standard, because they were deemed to be
notions of implementation or representation of datatypes, rather than conceptual notions.

In addition
or datatype
(832)) T

resentation

The characferistics of representations, variables, and the execution of operations are beyond the scope of this Internation
theless, because these characteristics are inextricably mixed with the datatype notions in many programming {nguag-

dard. None
es, and becs
provides fo!
f1nm 1c o Adad
eeUIE 1D A UL

Some aspec

in some partticular context.

This annex

This Internrional Standard does not specify the syntax or semantics of any specific annotations to describe implement3

tions. The
dard.

C.1 St

StorageSizq
datatype. It
varies acco

StorageSizg

NOTE — If
datatype, wh

is dynamically associated. (In a certain sense, a variable is an implementation of a_value of a pointer
e characterizing operations defined by this International Standard are abstract computational notions of func
he values of datmypee used to identify the semantics of the damtypes In a computer system the onerations
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of those values and variables containing those representations are actually executed.

o values of datatypes, a computer system has the notion of variable — an object to which a value of some ]:atatype
i

guished
into the
" system

atatype
ons ap-

on ren-
r

al Stan-

use these characteristics are important to many applications of this Inteérnational Standard, this International
F their inclusion in type-specifiers and in datatype- and procedure-declarations via annotations (see 7.4). An

1t 1 ot M tat 't A o Antntuna ~e o mranadizeas fooaliaa) da Alad
criptive information unit attached to a datatype, or a component.of a datatype, or a procedure (value), to chat

of the representations, variables, or operations associated with values of the datatype, or the component or pr
identifies notions for which such annotations may bé’appropriate and even necessary for certain language m

evelopment of standards for such annotations:may be appropriate, but is outside the scope of this Internation

orageSize

is a type-attribute specifying the number (and type) of storage units required or allotted to represent valug
may also specify whetherthe number of storage units is constant over all values of (this instance of) the dat4
ding to the requirementsof the particular value to be represented.

may apply to any datatype, except procedure datatypes.

there is a limitation on the maximum size of representable values, it implies that there is a limitation on the value spa
ch may be better documented by appropriate subtype specifications (see 8.2).

C.2 M|ode

tandard

nnota-
acterize
cedure,

Appings.
tion no-
al Stan-

s of the
itype, or

e of this

Mode is a type-attribute which specifies the radix of representation of a numeric datatype, the representation of the digits, the
representation of the decimal-point, if any, and the sign representation and placement conventions. Such notions as “two’s com-

plement bin

LIS

ary”, “packed decimal with trailing sign” and the numeric representation formats of ISO 6093:1985, Information pro-
cessing — Representation of numeric values in character strings for information interchange, are examples of “modes”.

Mode applies only to numeric datatypes, principally Integer and Scaled.
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C»

C.3 Floating-Point

Floating point is a type-attribute which specifies that a numeric datatype has a floating-point representation and the characteris-
tics of that rpnrﬁcpntnhnn

Following ISO/EC 10967-1:1994, Information technology — Programming languages, their envrionements and system soft-
e real ari e

....... ) 7 s Tmton o amd sl Py PN oot mraganbad: oftha
ware interfaces — Language-independent arithmetic — Part 1: Integer and L metic, a floating-point representation of the

value v has the form:
v=S +M ¢ RE
where
R is the radix of the representation;
1S the exponent,, and

ic tha cian 1a pithar Q =1 or
1S Wi sign, 1.8, Cluill 5 = 1 OF

is the mantissa, either zero o

S=-1;
r a value of the datatype scaled(radix, precision) range(radix * - precision; 1){excluding(1).
This fepresentation can be characterized by five parameters:

adix and precision, from above;

¢min and emax, with the requirement: emin < E < emax; and

ISR 7758 DISCTICIN Lo -l a0 g N . 3 m-predision
norrrt = 141>dMC llllpllcb u = N anda aenorm = uauc 1IIx plle a= K* .

7 - A
aqenorirn, Wllll I.llC quullClllClll llldt a

Floating-point applies only to numeric datatypes, principally Real and Complex.

C.4| Fixed-Point

Fixed-point is a type-attribute which specifies that a numeric datatype has a-fixed-point representation and the chdracteristics of
that representation.

A

ixed-

Yy=S x x R?
wherg

is the radix of the representation;
is the sign, i.e. either S=1o0r S =-1;

is the mantissa, a value of the datatype Integer;
is the precision.

This fepresentation can be characterized by the radix and precision parameters.

Fixed}-point applies only to numeric datatypes, principally Scaled.

C.5| Tag

Tag i§ a type-attribute which-specifies whether and how the tag-value of a value of a value of a choice datatype is|represented.

Tag applies only to chice datatypes or their generators.

C.6| Discriminant

Discrimihant specifies the source of the discriminant value of a Choice datatype.

Discriminant applies only to choice datatypes or their generators.

C.7 StorageSequence

StorageSequence attributes describe the order of presentation of the component values of a value of an aggregate datatype, such
as Set or Record, whose ordering is not implied by the type properties. Their values and meaning depend on the aggregate
datatype involved.

StorageSequence attributes apply only to aggregate datatypes or to their generators.
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C.8 Packed

Packed and “unpacked” or “aligned” are type-attributes which characterize the juxtaposition of all components of a value of an
aggregate datatype. They distinguish between the optimization of space and the optimization of access-time.

Packed attributes apply only to aggregate datatypes or to their generators.

C.9 Alignment

Alignment is a component-attribute that characterizes the forced alignment of the representations of values of a given component
datatype on storage-nnit houndaries. It implies that "padding" to achieve the necessary alignment may be inserted in the repre-
sentation of {he aggregate datatype which contains the annotated component.

C.10 Form

Form is a type-attribute which specifies that one datatype has the same representation as another. In particular, form permits an
implementatfon to specify that a primitive LI datatype has a visible information structure, or that a particular generated datatype
has a primitiye implementation.

Form may apply to any datatype.
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Annex D
(informative)

Syntax for the Common Interface Definition Notation

ISO/NIEC 11404:1996 (E)

The syntax used in this International Standard is a subset of the syntax prescribed for the Interface Definition Notation (IDN) in
ISO/IEC 13886:1995, Information technology — Programming languages — Language-independent procedure calling. This
annex contains the the complete IDN syntax, for reference only. A conforming IDN text is an interface-type, whereas a conform-

ing LI
Charag

digit 4

letter = "a" | "b" I "¢" | "d" I "e" " L"g"I"h" I """ 1"k"I]"1"l "m"I
B o I o N I o R o Y o IS s ¥ e VA BTV ' BRVAR B A
specigl = "(" I )" mrrmrmtestet=" et ettt s
apostophe = ™"
escapg = "I" .
quote |= "
space|= " "
undergcore = "_" _
addedrcharacter = not defined by this International Standard .

bound
non-q

NOTE
garies d

Produg

actual
actual

aggre

Hatatype speciiication 1s a fype-specijier. In addition, a mapping, as provided in Clause 11, may contain ded
ter-set productions: Normativg
IIOII I |l1 " I II2II I ll3l| | II4II I II5|I I II6II I II7II ' |I8|| I “9“ .

-character = non-quote-character | quote .
lote-character = letter | digit | underscore | speeial”| apostrophe | space .

— Character-set productions are always subject to minorcehianges from implementation to implementation, in order to

f available character-sets.
tions of the IDN used in this International Standard: Normative
type-parameter = value-expression | type-specifier .

type-parameter-list = actual-type-parameter { "," actual-type-parameter } .
pate-type = record-type | Set-type | sequence-type | bag-type | array-type | table-type .

altern
altern
altern
altern
annot
annot
annot
any-c
array-

tive = tag-value-list [ field-identifier ] ":" alternative-type .
tive-list = alternative’\{""," alternative } [ default-alternative ] .
tive-type = typesspecifier .

tive-value = _independent-value .

tion = "[" annotation-label ":" annotation-text "]" .

tion-label, = objectidentifiercomponent-list .

tion-text = not defined by this International Standard .

larations.
text page(s)

13

13

13

13

13

13

13

13

13, 20, 49
13, 20
13, 20, 49

handle the va-

text page(s)

44
44
36
31
31
31
32
14
15
15

aracter = bound-character | added-character | escape-character .

14,20

array-value = value-list .
ASN-object-identifier = “{* objectidentifiercomponent-list “}" .

bag-ty

pe =||bagll llofu II(H element_type II)II .

bag-value = empty-value | value-list .
base = type-specifier .

bit-literal = "0" | "1" .

bitstring-literal = quote { bit-literal } quote .

41
42
51
39
40
28, 29, 30
48
48
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boolean-literal = "true" | "false" . 18
boolean-type = "boolean" . 18
character-literal = "" any-character " 14, 20
character-name = identifier { "" identifier } . 14, 20, 49
character-type = "character" [ "(" repertoire-list )" ] . 20
choice-type = "choice" "(" [ field-identifier ":" ] tag-type [ "=" discriminant ] ")"

"of" "(" alternative-list ")" . 31
choice-value = "(" tag-value ":" alternative-value ")" . 32
collection-identifier = registry-name registry-index . 51
complex-literal=—"(" real-part "~ imaginary-part )" 26
complex-type = "complex" [ "(" radix "," factor )" ] . 26
component-reference = field-identifier | "*" . 16
declaration = type-declaration | value-declaration | procedure-declaration

|| termination-declaration 45
default-alternative = "default" ":" alternative-type . 31
dependent-value = primary-dependency { "." component-reference } . 16
digit-string = digit { digit } . 14
direction  "in" | "out" | "inout" . 34
discrimingnt = value-expression . 31
element-type = type-specifier . 33, 38, 39, 40, 41
empty-value = "(* ")" 39, 40
enumerated-literal = identifier . 19
enumerated-type = "enumerated" “(" enumerated-value-list ")" .. 19
enumeratgd-value-list = enumerated-literal { "," enumerated-literal } . 19
escape-character = escape character-name escape . 14, 20, 49
excludingtsubtype = base "excluding" "(" select-list ")" 29
explicit-sybtype = base "subtype" "(" subtype-definition™")" . 29
explicit-vglue = boolean-literal | state-literal | enumerated-literal | character-literal

|| ordinal-literal | time-literal | integer-literal | rational-literal

I| scaled-literal | real-literal | complex-literal | void-literal

|| extended-literal | pointer-literal, [~procedure-reference | string-literal

I| bitstring-literal | objectidentifier-value | choice-value | record-value

|| set-value | sequence-valge)l bag-value | array-value | table-value . 15
extendedliteral = identifier . 30
extendeditype = base "plus’~"(*’extended-value-list ")" . 30
extendedivalue = extended:literal | formal-parametric-value . 30
extendedivalue-list = extended-value { "," extended-value } . 30
factor = yalue-expression . 21, 23, 25, 26
field = figld-identifier ":" field-type . 37, 43
field-identjfier, =-identifier . 31, 37, 43
field-list 3 field { "," field } . 37, 43
field-type =type-specifier— 37, 43
field-value = field-identifier ":" independent-value . 37,43
field-value-list = "(" field-value { "," field-value } ")" . 37,43
formal-parameter-name = identifier . 45
formal-parameter-type = type-specifier | "type" . 45
formal-parametric-type = formal-parameter-name . 45
formal-parametric-value = formal-parameter-name . 45
formal-type-parameter = formal-parameter-name ":" formal-parameter-type . 45
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formal-type-parameter-list = formal-type-parameter { “," formal-type-parameter } . 45
generated-type = pointer-type | procedure-type | choice-type | aggregate-type . 30
identifier = letter { pseudo-letter } . 13
imaginary-part = real-literal . 26
independent-value = explicit-value | value-reference . 15
index-lowerbound = value-expression . 41
index-type = type-specifier | index-lowerbound ".." index-upperbound . 41
index-type-list = index-type { "," index-type } . 41
index-upperbound = value-expression . 41
integer-titerat—=—signed-ntmber— 22
integér-type = “integer" . 22
lowerbound = value-expression | "*" . 28, 29, 31
maximum-size = value-expression | "*" . 29
minimum-size = value-expression . 29
namgandnumberform = identifier “(“ numberform “)” . 51
namgform = identifier . 51
number = digit-string . 21,22
numberform = number . 51
objegtidentifiercomponent-list =

objectidentifiercomponent-value { objectidentifiercomponent;value } . 51
objedtidentifiercomponent-value = nameform | numberform | nameandnumberform . 51
objedtidentifier-value = ASN-object-identifier | collection-identifier . 51
ordingl-literal = number . 21
ordingl-type = "ordinal" . 21
pararmmeter = [ parameter-name ":" ] parameter-type : 34, 47
parameter-declaration = direction parameter . 34
parameter-list = parameter-declaration { "," parameter-declaration } . 34
parameter-name = identifier . 34, 47
parameter-type = type-specifier . 34, 47
pointer-literal = "null" . 33
pointer-type = "pointer" "to" "(* element-type ")" . 33
primgry-dependency = field-identifier | parameter-name . 16
primifive-type = boolean-type _state-type | enumerated-type | character-type

| ordinal-type | time-type | integer-type | rational-type

| scaled-type |<real-type | complex-type | void-type . 17
procgdure-declaration\ =" "procedure" procedure-identifier "(* [ parameter-list 1 ")"

[ "returns’2(" return-parameter ")" ] [ "raises" "(" termination-list ")" ] . 35
procgdure-identifier = identifier . 35
procgdure-referéence = procedure-identifier . 15
procgdure-type = "procedure" “(* [ parameter-list 1 ")" [ "returns" "(" return-parameter ")" ]

[ "raises" "(" termination-list ")" ] . 34
pseudo-letter = letter | digit | underscore . 13
radix = value-expression . 21, 23, 25, 26
range-subtype = base "range" "(" select-range ")" . 28
rational-literal = signed-number [ /" number ] . 23
rational-type = "rational" . 23
real-literal = integer-literal [ "*" scale-factor ] . 25
real-part = real-literal . 26
real-type ="real" [ "(" radix "," factor ")" ] . 24
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record-type = "record" "(" field-list )" . 37
record-value = field-value-list | value-list . 37
registry-index = number . 51
registry-name = *iSO_10646" i *iSO_2375" | "iSO_7350" i "iSO_10036" . 51
repertoire-identifier = value-expression . 20
repertoire-list = repertoire-identifier { "," repertoire-identifier } . 20
return-parameter = [ parameter-name ":" ] parameter-type . 34
scaled-literal = integer-literal [ "*" scale-factor ] . 23
scaled-type = "scaled" "(" radix "," factor )" . 23
scale-factop=—ntmber—A*—sigred-ntmber— 23,25
select-item| = value-expression | select-range 28)|29, 31
select-list + select-item { "," select-item } . 28,29, 31
select-rande = lowerbound ".." upperbound . 28,29, 31
sequence-lype = "sequence" "of" (" element-type ")" . 40
sequence-Yalue = empty-value | value-list . 40
set-type =|"set" "of" "(" element-type ")" . 38
set-value ¥ empty-value | value-list . 39
signed-nurhber = [ "-" ] number . 22
size-subtype = base "size" "(* minimum-size [ ".." maximum-size ] ")" . 29
state-literal = identifier . 19
state-type |= "state" "(" state-value-list ")" . 19
state-value-list = state-literal { "," state-literal } . 19
string-character = non- q--n*e-character | added-character | escape-character 14, 49
string-literdl = quote { string-character } quote . 14, 49
subtype = [range-subtype | selecting-subtype | excluding-subtype

I[ size-subtype | explicit-subtype | extended-type . 27
subtype-d¢finition = type-specifier . 29
table-entry| = field-value-list | value-list . 43
table-type |= "table" "(" field-list ")" . 43
table-valug = empty-value | "(* table-entry({)"," table-entry } ")" . 43
tag-type =| type-specifier . 31
tag-value # independent-value . 32
tag-value-list = "(" select-list ")" . 31
terminationj-declaration = "termination" termination-identifier [ "(" termination-parameter-list ")" ] . 47
termination-identifier = identifier . 47
termination-list = termination-reference { "," termination-reference } . 34
termination-parameterslist = parameter { "," parameter } . 47
termination-reference/= termination-identifier . 34
time-literal| = stting-literal . 21
time-type ECtime" "(" time-unit [ "," radix "," factor ]1")" . 21
time-unit = "year™ I "month™ I "day™ | 'hour" | 'minute” I "second" | formal-parametric-value . 21
type-declaration = “type" type-identifier [ "(" formal-type-parameter-list ")" ]

"=" [ "new" ] type-definition . 45
type-definition = type-specifier . 45
type-identifier = identifier . 44, 45
type-reference = type-identifier [ "(" actual-type-parameter-list ")" ] . 44
type-specifier = primitive-type | subtype | generated-type

| type-reference | formal-parametric-type . 17
upperbound = value-expression | "*" . 28, 29, 31
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value-declaration = "value" value-identifier ":" type-specifier "=" independent-value . 46
value-expression = independent-value | dependent-value | formal-parametric-value . 15
value-identifier = identifier . 46
value-list = "(" independent-value { "," independent-value } ")" . 37, 39, 40, 42, 43
value-reference = value-identifier . 15
void-literal = "nil" . 27
void-type = "void" . 27

Productions of the common IDN which appear in a more restricted form above:

pfocedure-reference = | Interface-synonym .." ] procedure-identiiier .
tgrmination-reference = [ interface-synonym "::" ] termination-identifier .

type-reference = [ interface-synonym "“::" ] type-identifier [ "(" actual-type-parameter-list\!

value-reference = [ interface-synonym ":" ] value-identifier .

~
[S—

Additipnal productions of the IDN not used in this International Standard:

interface-type = "interface" interface-reference "begin”" interface-body "end"<,
interface-reference = interface-synonym | [ interface-synonym ™" ] interface-identifier
interface-identifier = object-identifier-value .

interface-synonym = identifier .

interface-body = { import } { declaration ";" } .

import = "imports" [ "(" import-symbol-list ")" ] "from" interface-reference .
import-symbol-list = import-symbol { “," import-symbol }

import-symbol = procedure-identifier | termination-identifier | type-identifier | value-identifier .
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Annex E
(informative)

This annex contains a draft “inward” mapping from the LI datatypes into the programming language Pascal, as defined by
ISO/TEC 7185:1990, Information technology — Programming languages — Pascal. Where appropriate, differences in the map-
ping to the Extended Pascal language (ISO/IEC 10206:1991, Information technology — Programming languages — Extended

Pascal) are

The purpos
mapping sh

E.1 LI Primitive Datatypes

E11 B

Boolean m4
acterizing o

E.1.2 State

A state dat
mapped to

E1.3 E

An enumer
value-list).
tions are pr

E.14 C

A single ch

each implementation to define the character-set associated with the type char. The default character-set designated b

datatype sy

noted.

e of this annex is to exemplify the nature and content of an inward mapping, and possibly a mapping standat
ould not be considered a definitive mapping from LI datatypes to the Pascal language.

oolean

ps to the Pascal type Boolean. Values true and false map to the corresponding-values of Pascal Boolean. 4
perations are preserved, using the Boolean operators of Pascal.

ype of the form state(state-value-lisf) maps to the Pascal enumngration type (state-value-list). Each state]
he Pascal value with the corresponding identifier. All characterizing operations are preserved.

numerated

Each enumerated-value is mapped to the Pascal value with the corresponding identifier. All characterizin
pserved.

haracter
practer datatype of the form character or character(repertoire-list) maps to the Pascal type char. Pascal

htax character is presumed-td be that character-set, and repertoire-list, if present, must identify that chara

or a subset
characterizi

No other ¢

ter-codes into the Pascaltype integer.

E.1.5

The LI datatype ordinal range(1..maxint) maps to the Pascal subrange type 1..maxint. Pascal requires each implemen

pf it. Each character-yalue in that character-set is mapped to the Pascal value having the same character-cq
g operations are pres€rved.

acter datatypeyis.mapped into a Pascal datatype, although an implementation may specify a mapping of the

rdinal

d. This

\ll char-

value is

ited datatype of the form enumerated(enumerated=value-list) maps to the Pascal enumeration type (enumerated-

b opera-

requires
y the LI
cter-set,
de. All

charac-

ation to

define the value of maxint. The ordinal datatype with the corresponding maximum value (and any subtype thereof) is mapped
as given above, with each ordinal value being mapped to the corresponding integer value under the mathematical isomorphism.
All characterizing operations are preserved.

No ordinal value greater than maxint can be mapped, and no datatype containing such a value can be mapped into Pascal.

E.1.6 Date-and-time

The LI datatype time(unit, radix, factor) range(time1..time2) is mapped to Pascal in the same way that time interval datatypes
are mapped (see E.4.6), with the convention that the Pascal value represents the interval between time1 and the designated point
in time, but only if the Pascal value representing the interval time2 — time1is less than the implementation-defined value maxint.
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No other date-and-time types can be mapped to Pascal.

E.1.

7 Integer

ISO/NEC 11404:1996 (E)

The LI datatype integer range(minint..maxint) maps to the Pascal type integer, where minint is defined to be Negate(maxint).
Pascal requires each implementation to define the value of maxint. The integer datatype with the corresponding minimum and
maximum values (and any subtype thereof) is mapped to the Pascal type integer, with each integer value being mapped into the

identical Pascal integer value. All characterizing operations are preserved.

No integer value greater than maxint can be mapped, no integer value less than minint can be mapped, and no datatype containing

such

E.1.

Ratio

with

a value can be mapped into Pascal.

j Rational

al maps to the Pascal type declared by
type rational = array [1..2] of integer;

the characterizing operations defined as follows:

var t, r, d: integer;
begin
d := abs(x[1]);
r := abs(x[2]);
while (d mod r) > 0 do begin
t:=dmodr;
di=r r:=t
end; '
x[1] :=x[1] divr;
x[2] :=x[2] divr;
end;

drocedure Add(x, y: rational; var t: rational);
begin
if x[2] = y[2] then begin
t1] = x[1] + y[1];
2] := x[2];
end else begin
1] = x[1] " y[2] +y[1] * x[2];
t2] := x[2] * y[2];
end;
Reduce(t);
end;

grocedure Multiply(x, 7 rational; var t: rational);
begin

tH}=x(1] " y[1};

ti2]5= x[2] * y[2];

drocedure Reduce(var x: rational); (* reduces a rational value to lowest-terms *)

Reduce(t);
end;
grocedure Negate(x: rational; var t: rational);
begin
t1]:= - x[1];
t2] := x[2];
end;
procedure Reciprocal(x: rational; var t: rational);
begin
t[1] := x[2];
t2] := x[1];

if t{2] < 0 then begin
1] := A[1];
t2] := -[2];
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end;
end;

function NonNegative(x: rational): Boolean;
begin NonNegative := (x[1] >= 0) end;

function Equal(x, y: rational): Boolean;
begin Equal := ((x[1] * y[2]) = (x[2] * y[1])) end;

Only rational values whose numerator and denominator are both within the range [-maxint, maxint] are mapped into the Pascal
datatype. (This cannot be stated as a range constraint on the value space of the Rational datatype.)

NOTE — The above procedures are not optimal and a good implementation would require techniques for sign management and overflow avoid-
ance. “esemmmmmm&mmmﬁwwm the type
as mapped.

E.1.9 $Scaled

The LI datptype scaled(r, f) range(minrf..maxrf) maps to the Pascal type integer, where minrf has the value —maxint\s D
and maxrf has the value maxint D, A scaled datatype with the corresponding minimum and maxitnum values (and fany sub-

type thereqf) is mapped to the Pascaltype integer, with each scaled value N 1D being mapped.into/the Pascal integer|value N.
In order fof the characterizing operations to be preserved, scaled multiply and divide operationis hdve to be defined, as follows:

type scaled = integer;
(* const rtothef = r pow f; *)

functon scaledMultiply(x, y: scaled): scaled,
var

t: scaled;

round: Boolean;

negate: Boolean;

begin

t:=x"y,

negate := (t < 0);

if negate then t := -t;

round := (t mod rtothef > rtothef / 2);
t := t div rtothef;

if ound thent:=t+1;

if negate then t := -t;
scaledMultiply :=t;

end;

function scaledDivide(x, y: scaled)) scaled;

var

t: scaled;

negate: Boolean;

begin

negate<=.(x < 0);

if negate then x := -x;

if ¥ <0 then begin
negate := not negate;
y=-y

end;

= ( x*rothef ) f Ys
if (x * rtothef mod y) > rtothef / 2thent:=t + 1;
if negate then t := -;
scaledDivide :=t;

end;

Only those values of the datatype scaled(r, f) which are within the above range are mapped and no scaled datatype containing
values outside this range can be mapped into Pascal.

NOTE — A more general version of the scaled datatype can be defined using the Pascal type:
type scaled = record
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numerator: integer;

radix: 0..maxint;

factor: integer
end;
with “characterizing operations” which generalize the arithmetic on scaled datatypes. This modei can be further tailored to a fixed radix (like
10) to get improved performance. The integer model is more useful for simple exchanges of information, while the generalized model is pref-
erable for extensive manipulation of scaled values.

E.1.10 Real

The LI datatypes real range(rmin .rmax) and real(radix, precision) range(rmin..rmax) map to the Pascal type real, only if
the given or default radix, precision, rmin and rmax parameters define a subset of the real values which is distinguishable in the
subset[of the mathematical real values defined by the Pascal lmplementatlon under the Tollowing mapping: Each II Real value

Docral rasl te rmath o et Tl e aareacd T4 o £ein valitac ava annidictant than o ; ha ~h~

is mappeu into the Pascal real value which is mamcmam.,auy nearest it and if two values are €quidisiant nch eithe may oC Cno-

sen. All characterizing operations are conceptually preserved, although the implementation-defined arithrhetic may affect the

correctness of results.

No real value requiring more range or more precision can be mapped, and no datatype containing such a value cgn be mapped
into Pascal.

E.1.11 Complex

The LJ datatypes complex and complex(radix, precision) are mapped into Pascal using the Pascal type:
type complex = record realpart, imagpart: real end;

defined, and then only if rmax and the given or default radix and precigion’parameters define a subset of the complex values
whosd Cartesian representations (x + iy) are distinguishable in the Cartesian product of the real values defined by the Pascal im-

p}e“‘u htation. (ThlS cannot be stated as a constraint on the value space’o of the LI nnmn]pv riafatvnp ) No r\nmn]p i dagagyrr\e re-

quiring more range or precision can be mapped.

This type, however, only maps values ¢ in C such that | Re(c) | < rmax and.{ Im(c) | < rmax, where rmax is im(Elementation-

Each LI Complex value ¢ is mapped to the Pascal value whose'realpart field has the Pascal real value mathematically nearest
Re(c) and whose imagpart field has the Pascal real valuenathematically nearest Im(c). (Re and Im are the mathematical pro-
jections onto the real and imaginary axes, respectively.)

The definition of “characterizing operations™ appropriate to the Cartesian representation of a complex-number can pe defined by
the following Pascal procedures, although the implementation-defined arithmetic may affect the correctness of results.

function Equal(x, y: complex): Booléan;
begin Equal := (x.realpart = y.realpart) and (x.imagpart = y.imagpart) end;

pgrocedure Promote(x: real; vart: complex);
begin t.realpart ;= x; timagpart := 0.0; end;

Arocedure Add(x, y: complex; var t: complex);
begin
t.realpart:= x.realpart + y.realpart;
t.imagpart := x.imagpart + y.imagpart;
end;

procedure Multiply(x, y: complex; var t: complex);
begin
t.realpart := x.realpart * y.realpart - x.imagpart * y.imagpart;
t.imagpart := x.realpart * y.imagpart + x.imagpart * y.realpart,
end;

procedure Negate(x: complex; var t: complex);
begin
t.realpart := - x.realpart
t.imagpart := - x.imagpart;
end;
procedure Reciprocal(x: complex; var t: complex);

varr: real;
begin
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r = x.realpart * x.realpart + x.imagpart * x.imagpart;
t.reaipart := x.reaipart / r;
t.imagpart := - x.imagpart /r;
end;
procedure Squareroot(x: complex; var t: complex);
var
r: real;
theta: real;
begin
r .= sqrt(x.realpart * x.realpart + x.imagpart * x.imagpart);
if x.realpart = 0.0 then begin
else theta :=- 0.5 * pi;
end else begin
theta := arctan(x.imagpart / x.realpart);
if x.realpart < 0.0 then theta := theta + pi;
end;
t.realpart := sqrt(r) * cos(0.5 * theta);
t.imagpait := sqri{(r) * sin{0.5 * theta);
end;
NOTE — In|Extended Pascal , the LI datatypes compiex and compiex(radix, precision) can be mapped to the type compiex, oniy if rmax

and the giver:[ or default radix and precision parameters define a subset of the complex values which\is.distinguishable in the subset of

ematical co

plex values defined by the Pascal implementation. All characterizing operations are‘conceptually preserved, although t

mentation-d¢fined arithmetic may affect the correctness of results.

E.1.12 Void

The LI datatype void is mapped into Pascal oniy when it appears as an aitérnative of a choice datatype. In this case, it is

into an emf]

E.2 LI

E21 (

A choice ds

ty-variant “()” of a variant-record (see E.2.1).

Generated Types

hoice

tatype of the form:

choice (tag-type) of (

q
4
[

4

belect-list1 . alternative-1,

fé}ect-listN : alternative-N)

is mapped into the Pascal variant:record type:

recorq

end;

case tag-variable : mapped-tag-type of
case-constant-list1 : mapped-type1;

.cé..se-constant-listN: mapped-typeN

the math-
ne imple-

mapped

OO T et

1) The tag-type maps to a Pascal ordinal type, as specified in this Annex. The mapped-tag-type is then the ordinal type which
is the image of the mapping.

2) The alternative-type of each alternative-i can be mapped into a Pascal type, as specified in this Annex. If the alternative-
type maps to a Pascal record-type, then the corresponding mapped-type is: ( all-fields-of-the-Pascal-record-type ). If the
alternative-type is void, then the corresponding mapped-type is: (). If the alternative-type does not map to a Pascal record-
type then the corresponding mapped-type is: (mapped-field-identifier : mapped-alternative ), where mapped-alternative
is the image of the alternative-type under the mapping, and mapped-field-identifier is the field-identifier of alternative-i, if

it is present and forms a valid Pascal field identifier, otherwise any identifier which does not conflict with any other field
identifier in the Pascal record-type.
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No other choice datatype can be mapped into Pascal.

The tag-variable is an invented identifier, used solely to implement the characterizing operations (see below), and is not other-
wise required. Each select-item in the select-list which is a single value is mapped to the case-constant denoting the correspond-
ing value of the mapped-tag-type. Each select-item in the select-list which is a select-range is mapped into a case-constant-list
containing the denotations of all corresponding values of the mapped-tag-type. A select-list which is default is mapped into the
case-constant-list containing the denotations of all corresponding values of the mapped-tag-type.

NOTE — In Extended Pascal, each select-item in the select-list which is a select-range is mapped into the analogous abbreviated-list form, and
a select-list which is default is mapped into the case-constant-list otherwise.

e value of the
pct-lists given

esponding mapped-type, or assigning to it, respectively. The characterizing operation Discriminant-is th|
iable. Equal can be implemented in Pascal by a case-statement using the tag-variable and the napped sel.
to select field-by-field comparison for each alternative.

Pointer

n the element-
Fthe mapping.

A pointer datatype of the form pointer to (element-type) is mapped into the Pascal type Athapped-type, only whe
type nTaps to a Pascal type, as specified in this Annex. The mapped-type is then the Pascal type which is the image o

Only
pointe
heap,
ified ¢

hose values of the pointer datatype which refer to objects on the Pascal “heap’ are mapped into the corresppnding Pascal
r-value. Other pointer-values may be supported by dereferencing themn and copying the element-value ofto the Pascal
thereby generating an “equivalent” Pascal pointer-value, in the sensedhat Dereference will work correctly, bjit the unspec-
assignment” operation (see Note 3 to clause 8.3.2) will not.

The Dereference operation is the Pascal identified-variable, i.e. pointer-value/.
E.2.3 Procedure
A progedure datatype of the form: procedure (parameter-list)

ped into a Pascal “procedure parameter specification”, only when it appears as the datatype of a procedure parameter, and
only if all of its parameter-types can be mapped to Pascal types, as specified in this Annex.
A progedure datatype of the form: procedure (parameter-list) returns (return-parameter)

can bg mapped into a Pascal “procedure parameter specification” or “function parameter specification”, only wher
the ddtatype of a procedure parameter, and only if all of its parameter-types, including that of the return-para
mappgd to Pascal types, as specified in-this Annex. If the return-parameter maps to a simple type or a pointer t,
then the procedure datatype is mapped to a Pascal “function parameter specification”; otherwise, it is mapped to
paramieter specification”.

Every|LI parameter-declaration of the form in identifier : parameter-type is mapped into a Pascal value-parame
tion of the form identifief-~mapped-type where mapped-type is the image of the parameter-type under the mappin
Every|LI parameter-declaration of the forms inout identifier : parameter-type or out identifier : parameter-ty
into a [Pascal variable‘parameter-specification of the form var identifier : mapped-type where mapped-type is the
parameter-type Gnder the mapping into Pascal. If the procedure datatype is mapped to a functional parameter spe
parameter-type-of the return-parameter is mapped into the result-type of the Pascal function parameter-specificatig
cedurg datatype has a return-parameter and is mapped to a procedure parameter specification, the return-parame
as if iff were'an additional out parameter.

1 it appears as
neter, can be

pe in Pascal,
a “procedure

ter-specifica-
g into Pascal.
pe is mapped
image of the
cification, the
n. If the pro-
ter is mapped

Conceptually, every value of an LI procedure datatype which satisfies the above constraints could be defined as a Pascal proce-
dure or function and could then appear as an actual parameter satisfying the corresponding formal parameter specification.

The Invoke operation is supported by the Pascal function-designator (call) within an expression or the Pascal procedure (call)
statement, as appropriate to the form. Equal, in the sense defined for the LI datatype, is supported in Pascal by comparing all
results of the invocations, to the extent that this is possible.

Terminations other than normal are not supported by Pascal, and no procedure datatype involving them can be mapped into Pas-
cal.
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