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Foreword

ISO (the International Organization for Standardization) and IEC (the In-
ternational Electrotechnical Commission) form the spgcialized system
for worldwide standardization. National bodies that fare members of
ISO or IEC participate in the development of International Standards
through technical coommittees established by the respective organiza-
tion to deal with particular fields of technical activity. 1$O and IEC tech-
nical committees collaborate in fields of mutual interegt. Other interna-
tional organizations, governmental and non-governmental, in liaison
with ISO and IEC, also take_part in the work.

In the field of informatiah technology, ISO and IEC hgve established a
joint technical committee, ISO/IEC JTC1. Draft Interngtional Standards
adopted by the joint technical committee are circulated to national bod-
ies for voting. Publication as an International Standard|requires approv-
al by at least.75% of the national bodies casting a vote.

International Standard ISO/IEC 11404 was prepared by Joint Technical
Committee ISO/IEC JTCH1, Information technology, Subcommittee
SC22, Programming languages, their environments and system soft-
ware interfaces.

Annexes A to G of this International Standard are for information only.



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

ISO/IEC 11404:1996 (E) © ISO/IEC

Introductic

ons of software services and applications libraries are, or are in the process of becomin
. The interfaces to these libraries are often described by defining the form of reférence, e.
bach of the separate functions or services in the library, as it must appear in.a.tiser prog
d programming language (Fortran, COBOL, Pascal, etc.). Such an interface specificat

to as the “<language> binding of <service>”, e.g. the “Fortran binding d
11990, Information processing systems — Computer Graphics — Prégrammer’s Hierarg
System (PHIGS) language bindings — Part 1: FORTRAN).

}, Interna-
g. the “pro-
am written
on is com-
f PHIGS”
hical Inter-

Many specificat
tional Standards
cedure call”, to

in some standa
monly referred
(ISO/IEC 9593-
active Graphics

This approach Igads directly to a situation in which the standardization of a new service library immediate
the standardizatjion of the interface bindings to every standard programming Yanguage whose users might
be expected to use the service, and the standardization of a new programming language immediately r¢
standardization [of the interface binding to every standard service package which users of that language
sonably be expected to use. To avoid this n-to-m binding problem, ISOAEC JTC1 (Information Technology
to SC22 the task of developing an International Standard for Language-Independent Procedure Calling an

ly requires
reasonably
pquires the
might rea-
) assigned
d a parallel

International Standard for Language-Independent Datatypes, which could be used to describe the parameters to such

procedures.

This International Standard provides the specification forithe Language-Independent Datatypes. It defin
datatypes, independent of any particular programmingdanguage specification or implementation, that is ri
so that any comimon datatype in a standard programming language or service package can be mapp¢
datatype in the set.

The purpose of this International Standard.is{ofacilitate commonality and interchange of datatype notions,
ceptual level, among different languages and language-related entities. Each datatype specified in this In
Standard has a gertain basic set of properties sufficient to set it apart from the others and to facilitate iden|

es a set of
ch enough
d to some

at the con-
ternational
tification of

the corresponding (or nearest corresponding) datatype to be found in other standards. Hence, this international Stan-

dard provides a single common reference model for all standards which use the concept datatype. Itis ex
each programming language standard will define a mapping from the datatypes supported by that progra

bected that
mming lan-

guage into the datatypes specified herein, semantically identifying its datatypes with datatypes of the refefence mod-

el, and thereby with corresponding datatypes in other programming languages.

Itis further expegted(that each programming language standard will define a mapping from those Languag
dent (LI) Datatypes’wh

b-Indepen-
in the pro-

gramming language—#

S, to define

a “language-independent bind ments of the
standard interface to each of the standard services. The production 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 language
their environments and system software interfaces
Language-independent datatypes

S,

1 Scope
This Intern
in program
primitive d
the sense 0}
dard is "lar
used in pro

htional Standard specifies the nomenclature and shared semantics for a collection of datatypes co

being wholly or partly defined in terms of other datatypes. The spegification of datatypes in this
bramming languages and other entities requiring the concept datatype are particular instances.

This Intern
¢ the ¢

e the {
data]

htional Standard expressly distinguishes three notions of “datatype", namely:

types with specific functionalities; and

ning languages and software interfaces, referred to as the Language-Independent (LI) Datatypes
htatypes, in the sense of being defined ab initio without reference to otherdatatypes, and non-prir

guage-independent" in the sense that the datatypes specified are classes of datatypes of which th

onceptual, or abstract, notion of a datatype, which characterizes the datatype by its nominal value

tructural notion of a datatype, which characterizes the’datatype as a conceptual organization of sp

mmonly occurring
{ It specifies both
itive datatypes, in
nternational Stan-
e actual datatypes

s and properties;

ecific component

« the {mplementation notion of a datatype, which characterizes the datatype by defining the rules for regresentation of the

datatype in a given environment.
This Intern|
possess the]
which are d
the specifig
structurallyf

structural notion of atomicity. This Ihternational Standard does not define all atomic datatypes; it

ation of other non-primitive datatypes and provides a means by which datatypes not defined her
in terms of the LI datatypes defined herein.

This Intern
require, thqg

identificatipn and distinction of datatypes.

This InternptiOnal Standard specifies the required elements of mappings betwee
language. S iona i i 2
of a mapping.

2 Conformance

ational Standard defines the abstract(iotions of many commonly used primitive and non-primitiy

ational Standard defines a partial vocabulary for implementation notions of datatypes and providg
use of this vocabulary in the definition of datatypes. The primary purpose of this vocabulary is t¢ identify common
implementation notions.dssociated with datatypes and to distinguish them from conceptual notions. Specifica
implementation notipnglare deemed to be outside the scope of this International Standard, which is concery

e datatypes which
defines only those

ommon in programming languages and software interfaces. This International Standard defines structural notions for

ein can be defined

s for, but does not
tions for the use of

ed solely with the

ypes of some other
hformation content

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 facilitie

s and services, etc.
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2.1 Direct conformance

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

i) specify which of the datatypes and datatype generators specified in Clauses 8 and 10 are provided by the entity and
which are not, and which, if any, of the declaration mechanisms in Clause 9 it provides; and

ii) define the value spaces of the LI datatypes used by the entity to be identical to the value-spaces specified by this Inter-
national Standard; and

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

iv) to the extent-that-the-en : ation han-nevemen anstation attesd ations on the
LI datatypes which can be derived from, or are otherwise consistent with, the characterizing operations gpecified by

NOTES

1. This Internatignal Standard defines a syntax for the denotation of values of each datatype it defines, but, in'géneral, requirenfent (iii) does
not require conformance to that syntax. Conformance to the value-syntax for a datatype is required only in those cases in which fhe value ap-
pears in a type-specffier, that is, only where the value is part of the identification of a datatype.

2. The requiremgnts above prohibit the use of a type-specifier defined in this International Standard to designate any other dafatype. They
make no other limitation on the definition of additional datatypes in a conforming entity, although-it is recommended that either the form in
Clause 8 or the form in Clause 10 be used.
3. Requirement (iv) does not require all characterizing operations to be supported and permits additional operations to be povided. The
intention is to permif addition of semantic interpretation to the LI datatypes and generators;as long as it does not conflict with the irfterpretations
given in this Interngtional Standard. A conflict arises only when a given characterizing operation could not be implemented or would not be
meaningful, given the entity-provided operations on the datatype.
4. Examples of eptities which could conform directly are language definitions or interface specifications whose datatypes, and the notation

for them, are those dlefined herein. In addition, the verbatim support by, aisoftware tool or application package of the datatype syptax and def-
inition facilities hergin should not be precluded.

2.2 Indirect conformance

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

i)  provide[mappings between its internal datatypes and the LI datatypes conforming to the specifications of (lause 11 of
this International Standard; and

ii) specify for which of the datatypes in Clause 8 and Clause 10 an inward mapping is provided, for which [an outward
mapping is provided, and.for which no mapping is provided.

NOTES

1. Standards for ¢xistifig programming languages are expected to provide for indirect conformance rather than direct conformfnce.

2.  Examples of ehtiti could-conform
and tools, software engineering tools and interfac
notation for it.

S & GHe aré-rapnguage-acHntto anam C C O s O d
e specifications, and many other entities which have a concept

excirangespecifications
of datatype and an existing

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. Itis 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 Norinative References

The foiiowjing standards contain provisions which, through reference in this text, constitute provisions ef)this [international Stan-
dard. At the time of publication, the editions indicated were valid. All standards are subject to revision, and pafties to agreements
based on tHis International Standard are encouraged to investigate the possibility of applying the fost recent gditions of the stan-
dards indidated 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 8B24:1990, Information technology — Open Systems Interconnection — g Specification of Abstract Syntax Notation One
(ASN.1).

ISO/IEC 1P646-1:1993, Information technology — Universal Multiple-Qctet Coded Character Set (UCS) —
Part 1. Architecture and Basic Multilingugl-Rlane.

4 Definitions

For the pugposes of this International Standard, the following definitions apply.

NOTE — These definitions may not coincide with accepted’mathematical or programming language definitions of the sgme terms.

4.1 actpal parametric datatype: a datatype appearing as a parametric datatype in a use of a datatype geperator, as opposed
to the formal-parametric-types appearing in'the definition of the datatype generator.

4.2  actpal parametric value: a value-appearing as a parametric value in a reference to a datatype family or fdatatype generator,
as oppose( to the formal-parametric-values appearing in the corresponding definitions.

4.3  aggregate datatype:(a generated datatype each of whose values is made up of values of the component datatypes, in the
sense that pperations on alkcomponent values are meaningful.

4.4  annotation; @ descriptive information unit attached to a datatype, or a component of a datatype, or a|procedure (value),
to charactdrize some aspect of the representations, variables, or operations associated with values of the datatype which goes be-
yond the stope'of'this International Standard.

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

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

datatype generator operates.

© ISO/IEC

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

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

4.12 datatype declaration:
(1) the means provided by this International Standard for the definition of a LI datatype which is not itself defined by this

International Stan
(2) an ins

tapee-o

dard;

thic meoeangc

4.13 datatype
spaces which diff]

4.14 datatype g

4.15 defined

d]
4.16 defined generator: a datatype generator defined by a type-declaration.

4.17 exact: apr
computational mg

4.18 formal-parametric-type: an identifier, appearing in the definition of a\datatype generator, for which a LI d

be substituted in 4

4.19 formal-p

T
a value will be Sllstituted in any reference to a (defined) datatype.iir'the family or resulting from the generator.

4.20 generated
datatypes.

4.21 generated
gramming langua

4.22 generator

4.23 generator
(1) the me

by this International Standard;

(2) an inst;

4.24
or other informati

4.25

]amily: a collection of datatypes which have equivalent characterizing operations and relationship

internal da

-0 a5t~ Oty TSy~

er in the number and identification of the individual values.
Fenerator: an operation on datatypes, as objects distinct from their values, which generates new dz

tatype: a datatype defined by a type-declaration.

bperty of a datatype indicating that every value of the conceptual datatype is distinct from all others
del of the datatype.
ny reference to a (defined) datatype resulting from the génerator.

ametric-value: an identifier, appearing in the definition of a datatype family or datatype generatg
datatype: a datatype defined by the application of a datatype generator to one or more previou
internal datatype: a datatype defined by the application of a datatype generator defined in a pa
pe to one or more previously-definéd internal datatypes.

a datatype generator (q.v.).

declaration:
ins provided by this International Standard for the definition of a datatype generator which is not if

ince of use ofithis means.

tatype:-adatatype whose syntax and semantics are defined by some other standard, language, prod
on processing entity.

s, but value

jtatypes.

in any valid

atatype will

r, for which

sly-defined

ticular pro-

self defined

uct, service

inward mapping:a conceptual association between the internal datatypes of a language and the LI datatypes which as-

signs to each LI datatype either a single semantically equivalent internal datatype or no equivalent internal 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.

4.26 LI datatype:
4.27
4.28 mapping:

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

(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 parametric datatype: a datatype on which a datatype generator operates to produce a generated-datatype.

(1) p value which distinguishes one member of a datatype family from another, or

4.33 parEmal.n'L-la'"n'
@

value which is a parameter of a datatype or datatype generator defined by a type-declaration(se

434 pri
all semant

4.35 pri
structed in
4.36 re

resentation:
(of ja LI datatype): the mapping from the value space of the LI datatype-to'the value space of some in

computer $ystem, file system or communications environment;
(ofa value): the image of that value in the representation of the datatype.

£ 9.1).

mitive datatype: an identifiable datatype that cannot be decomposed into other identifiable datatyppes without loss of
cs associated with the datatype.

mitive internal datatype: a datatype in a particular programming language whose values are not viewed as being con-
any way from values of other datatypes in the language.

ternal datatype of a

4.37 suljtype: a datatype derived from another datatype by restriCting the value space to a subset whilst mjaintaining all char-
acterizing pperations.

4.38 upper bound: in a datatype which is bounded above(the value U such that, for all values s in the val

4.39 valpe space: the set of values for a given datatype.

4.40 variable: a computational object to which @ value of a particular datatype is associated at any given

different

5 Con

lues of the same datatype may be dssociated at different times.

ventions Used in this International Standard

5.1 Formal syntax

This Interg

form, is u
while the Y
rizes the s

ntactic metanotation.

ational Standard defines a formal datatype specification language. The following notation, derived
ed in defining that language. In this clause, the word mark is used to refer to the characters used t
word character is used to refer to the characters used in the actual datatype specification language.

he space, s <U.

time; and to which

from Backus-Naur
b define the syntax,
Table 5-1 summa-

Table 5-1 — Metanotation Marks

(QUOTATION MARK)
(APOSTROPHE)
(CURLY BRACKETS)
(SQUARE BRACKETS)
(VERTICAL LINE)
(EQUALS SIGN)

(FULL STOP)

delimits a terminal symbol

delimits a terminal symbol

delimit a repeated sequence (zero or more occurrences)
delimit an optional sequence (zero or one occurrence)
delimits an alternative sequence

separates a non-terminal symbol from its definition
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.

BRACKET

joccurrences

mark ({)and a R GHT CURLY BRACKET mark . A repeated sequence represents any number of consecutive

of the sequence of symbols so enclosed, including no occurrence.

ence is a sequence of terminal and/or non-terminal symbols enclosed between a LEFT SQUARE|BRACKET
GHT SQUARE BRACKET mark (]). An optional sequence represents either exactly one occurrence of the
ols so enclosed or no symbols at all.

An optional sequy
mark ([) and a R
sequence of symb

An alternative s¢
followed by eithe
either the sequeng

quence is a sequence of terminal and/or non-terminal symbols preceded by a VERTICAL LINE {I) mark and
r a VERTICAL LINE mark or a FULL STOP mark (.). An alternative séquénce represents the ogcurrence of
e of symbols so delimited or the sequence of symbols preceding the (first) VERTICAL LINE mark.
A production defines the valid sequences of symbols which a non-terminal symbolkrepresents. A production has the form:

non-terminaj-symbol = valid-sequence .
where valid-sequpnce is any sequence of terminal symbols, non-terminal symbels, optional sequences, repeated sefuences and
alternative sequences. The EQUALS SIGN (=) mark separates the non-tefiiral symbol being defined from the valid-sequence
which represents [its definition. The FULL STOP mark terminates the valid-sequence.

5.2 Text conventions

Within the text:

¢ A referend

e to a terminal symbol syntactic object consists of the terminal symbol in quotation marks, e.g. "type".

* A referende to a non-terminal symbol syntactic object consists of the non-terminal-symbol in italic script, e.g. type-dec-
laration.

* Non-italicjzed words which are identical’or nearly identical in spelling to a non-terminal-symbol refer to the|conceptual
object releersented by the syntacticiebject. In particular, xxx-type refers to the syntactic representation of an "xyx datatype"
in all occurrences.

6 Fundamental Notions
6.1 Datatype
A datatype is a asetof distinct vatues; characterized by properties of Mose vatues and by operations on those vatues. Charac-

terizing operations are included in this International Standard solely in order to identify the datatype. In this International Stan-
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
following ways:

enumerated outright, or
defined axiomatically from fundamental notions, or

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

o defined ombination o bitra A om some already defined va o% by a spe ed conpstruction proce-
dure]
Every distinct value belongs to exactly one datatype, although it may belong to many subtypes of that.datatype (see 8.2).

6.3 Datatype properties

The model
in the sensej
mation unit
erties of thd

NOTES
1. Itisim

lationships aj
provides a m

bf datatypes used in this International Standard is said to be an "abstract computational model". It
that it deals with the manipulation of information by computer systems anddnakes distinctions in t

information units themselves, rather than with the properties of theit-r¢presentations in computer

portant to differentiate between the values, relationships and opefations for a datatype and the representations
d operations in computer systems. This International Standard'specifies the characteristics of the conceptual
eans for specification of characteristics of representations of'the datatypes.

s "computational”
he typing of infor-

5 which are appropriate to that kind of manipulation. It is "abstract" in the seénse that it deals with the perceived prop-

systems.

of those values, re-
jatatypes, but it only

2. Some ¢omputational properties derive from the need for the information units to be representable in computers. [Such properties are
deemed to b¢ appropriate to the abstract computational model, as.opposed to purely representational properties, which defive from the nature
of specific rdpresentations of the information units.
3. Itis no} proper to describe the datatype model used-herein as "mathematical”, because a truly mathematical model has no notions of "ac-
cess to inforgnation units" or "invocation of processing elements"”, and these notions are important to the definition of chargcterizing operations
for datatypeq and datatype generators.
6.3.1 Hquality
In every value space there is a notion*of equality, for which the following rules hold:

« for 4ny two instances (a, b) of values from the value space, either a is equal to b, denoted a = b, or a is|not equal to b,

denqgted a # b;

ther:
for ¢

for &

 is no pair oflinstances (a, b) of values from the value space such that both a=b and a # b;
very value.a from the value space, a = a;

ny twojinstances (a, b) of values from the value space, a=b if and only if b = a;

for 4

ny.three instances (a, b, ¢) of values from the value space,ifa=band b=c, thena=c.

On every datatype, the operation Equal is defined in terms of the equality property of the value space, by:

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

6.3.2 Order

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<bandb <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

A datatype is said to be bounded above if it is ordered and there is a value U in the value space such that, for all values s in the

value space, s < WMWWMWMWAM bounded
below if it is ordgred and there is a value L in the space such that, for all values s in the value space, L <s. The(value L is then

said to be a lower bound of the value space. A datatype is said to be bounded if its value space has both an apper pound and a
lower bound.

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

On every datatype which is bounded below, the niladic operation Lowerbound is defined to“yield that value whichlis the lower
bound of the valye space, and, on every datatype which is bounded above the niladic operation Upperbound is defjned to yield
that value which |s the upper bound of the value space.

6.3.4  Cardinality

A value space hag the mathematical concept of cardinality: it may be finite,denumerably infinite (countable), or norj-denumera-
bly infinite (uncquntable). A datatype is said to have the cardinality of\its'value space. In the computational model, there are
three significant ¢ases:

» datatypes fvhose value spaces are finite,
* datatypes Whose value spaces are exact (see 6.3.5) and denumerably infinite,

* datatypes phose value spaces are approximate (see 63.5), and therefore have a finite or denumerably infinit¢ computa-
tional model, although the conceptual value space-may be non-denumerably infinite.

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

NOTE — For a derfumerably infinite value space, there always exist representation algorithms such that no two distinct values Have the same
representation and the representation of any given value is of finite length. Conversely, in a non-denumerably infinite value space|there always
exist values which ¢lo not have finite representations.

6.3.5 Exact and approximate

The computationgl model of adatatype may limit the degree to which values of the datatype can be distinguished. Ifjevery value
in the value spacq of the conegptual datatype is distinguishable in the computational model from every other value jin the value
space, then the datatype is'said to be exact.

Certain mathema1ical datatypes having values which do not have finite representations are said to be approximate], in the fol-
lowing sense:

Let M be the mathematical datatype and C be the corresponding computational datatype, and let P be the mapping from the
value space of M to the value space of C. Then for every value v’ in C, there is a corresponding value v in M and a real value &
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 is the model used for the Real (8.1.10) and Complex (8.1.11) datatypes.

6.3.6

Numeric

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

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

6.4 Pri

In this Inte

e pri

® Ccon

¢ Ccon|

fun

All primiti
Some geng
are themse
this Internd

space of a

those whid

NOTE — T

of a particu

sufficient tg

two progra
for procedu

of Real, and

6.5 Datatype generator

A datatyp
on datatyp
of:

* a collectionof criteria for the number and characteristics of the datatypes to be operated upon,

* ac(
vali

. gentr

In addition|
characteriz

mitive and non-primitive datatypes

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

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

| this International Standard identifies structural and abstract notions of datatypes. "The structural n
es the datatype as either:

Ceptually atomic, having vaiues which are intrinsicaily indivisibie, or

Ctionalities.

ve datatypes are conceptually atomic, and therefore have, and are’defined in terms of, well-defing
rated datatypes are conceptually atomic but are dependent on.Specifications which involve other d3

in terms of their abstract notions. Many other datatypeS)may represent objects which are conce
lves conceptually aggregates, being organized collections of accessible component values. For a
tional Standard defines a set of basic structural notiénsXsee 6.8) which can be recursively applied t
igiven generated datatype. The only abstract semantics assigned to such a datatype by this Interna

h characterize the aggregate value structure itself.

ar information unit or a particular abstract object. The abstract and structural notions provided by this Inter]
define its role in the universe of discourse between two languages, but not to define its role in the universe
ns. For example, Array datatypes aresupported as such by both Fortran and Pascal, so that Array of Real ha
e calls between the two languages. By comparison, both linear operators and lists of Cartesian points may be
Array of Real is insufficient t¢ distinguish those meanings in the programs.

E generator is.a'conceptual operation on one or more datatypes which yields a datatype. A datatype
s to generate’adatatype, rather than on values to generate a value. Specifically, a datatype generator

nsttuction procedure which, given a collection of datatypes meeting those criteria, creates a new va

otion of a datatype

ceptually aggregate, having values which can be seen as an organization of specific component dataftypes with specific

d abstract notions.
tatypes. These too
ptually atomic, but
boregate datatypes,
b produce the value
tional Standard are

he abstract notion of a datatype is the semantics’of the values of the datatype itself, as opposed to its utilizati¢n to represent values

hational Standard are
bf discourse between
sufficient semantics
represented by Array

generator operates
is the combination

lue space from the

(Ie Spaces of those datatypes, and

* a collection of characterizing operations which attach to the resulting value space to complete the definition of a new
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 characterizing operatlons for an aggregate datatype are compositions of characterizing operations for its datatype generator with char-
acterizing operation uch operations are, of course. only sufficient to identify the datatype as a structure.

3. The character]zing operations on a datatype may be:
a) niladic dperations which yield values of the given datatype,
b)  monadiqd operations which map a value of the given datatype into a value of the given datatype or into a valae of datafype Boolean,
c) dyadic dperations which map a pair of values of the given datatype into a value of the given datatype of. into a value gf datatype
Boolean,
d) n-adic operations which map ordered n-tuples of values, each of which is of a specified datatype, Which may be the given datatype
or a pargmetric datatype, into values of the given datatype or a parametric datatype.
4.  In general, th¢re is no unique collection of characterizing operations for a given datatype. This\Intérnational Standard spedifies one col-

lection of characterjzing operations for each datatype (or datatype generator) which is sufficient to\distinguish the (resulting) datgtype from all
other datatypes with value spaces of the same cardinality. While some effort has been made touminimize the collection of characferizing oper-
ations for each datdtype, no assertion is made that any of the specified collections is minimals
5.

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

6.7 Datatypp families

If there is a one-t
value space of an
datatype are pres
are no additional

b-one symbol substitution which maps the entite value space of one datatype (the domain) into a
bther datatype (the range) in such a way that the value relationships and characterizing operations o
erved in the corresponding value relationships and characterizing operations of the range datatype
Characterizing operations on the range datatype, then the two datatypes are said to belong to the san

gubset of the

f the domain
and if there
he family of

datatypes. An injdividual member of a family of datatypes is distinguished by the symbol set making up its value space. In this
International Standard, the symbol set for an individual member of a datatype family is specified by one or more vhlues, called
the parametric values of the datatype family.

6.8 Aggregate datatypes

An aggregate dgtatype is a generated datatype, each of whose values is, in principle, made up of values of thg
datatypes. The pprametric datatypes of an aggregate datatype or its generator are also called component datatypes.
gate datatype generator genefates a datatype by

parametric
An aggre-

« applying an algorithmic procedure to the value spaces of its component datatypes to yield the value space of th

e aggregate
datatype, and

* providing|a‘set’of characterizing operations specific to the generator.

Unlike other generated datatypes, it is characteristic of aggregate datatypes that the component values of an aggregate value 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

ISONEC 11404:1996 (E)

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.

into different roles.

2.

ogeneous aggregate datatype. Consider the datatype label_list defined by:
type label = choice (state(name, handle)) of ((name): characterstring, (handle): integer);

every label

type. But S¢

6.8.2

The size of]
only if all Y
the aggreg3

1
Formally, a |

q

J

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

The aggregate datatype is homogeneous if its components all belong to the same datatype, even if the element datatype is itself an heter-

ype label_list = sequence ol (label);

alue is of a choice datatype (see 8.3.1). Choice is clearly heterogeneous because it is capable of introdicing
quence (see 8.4.4) is homogeneous because it itself introduces no variation in element type.
ize

an aggregate-value is the number of component values it contains. The size of the aggregate datat
alues in its value space contain the same number of component values. The'size is variable, if
te datatype may have different numbers of component values. Variability.is the more general c

abel_list value is a homogeneous series of label values. One could argue that it is really a series of heterogen

eous values, because
variation in element

ype is fixed, if and
different values of
hse; fixed-size is a

constraint.

6.8.3 Uniqueness
An aggregd

aggregate-

(

An aggregate datatype has the ordering property, if and only if there is a canonical first element of each non
value-spac¢. This ordering is (externally) imposed by. the aggregate value, as distinct from the value-sp3
datatype itdelf being (internally) ordered (see 6.3.2)\Tt is also distinct from the value-space of the aggregate
dered.

te-value has the uniqueness property if and only if no valug of the element datatype occurs more than once in the
alue. The aggregate datatype has the uniqueness property, if and only if all values in its value spgce do.

6.8.4 Aggregate-imposed) ordering
tempty value in its
ce of the element
datatype being or-

EXAMPLE
sequence
character va
whether the
of datatype

— The type-generator sequence. has'the ordering property. The datatype characterstring is defined as
bf (character(repertoire)). The ordering property of sequence means that in every value of type character
ue. For example, the first element value of the characterstring value “‘computation” is ’c’. This is different
element datatype character(repertoire) is ordered: is ’a’ < ’c’? It is also different from the question of wh
tharacterstring is ordered by some collating-sequence: is “computation” < “Computer”?

string, there is a first
from the question of
tther the value space

6.8.5 Access method

The access method for‘an aggregate datatype is the property which determines how component values can He extracted from a
given aggregate-value:

An aggregi ween values of one
or more “i uired to be single-
valued, i.e. there is at most one element of each aggregate value which corresponds to each (composite) value of the index
datatype(s). The dimension of an aggregate datatype is the number of index or key datatypes the aggregate has.

te‘datatype has a direct access method, if and only if there is an aggregate-imposed mapping bety

B (14 <1
UCUA— (O KUY

DN dosas el + 1 £ L. % 1 Q L
Jaataty poS—daira Ui CUTITPUTICITU vATUL S UT CalITag g1 EatC v arat o Ut a aTap prirE TS TU

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
condition) can be found is to traverse the list in order until the desired element is the “Head”. In general, therefore, one cannot access the desired
element without first accessing all (undesired) elements appearing earlier in the sequence. On the other hand, Array (see 8.4.5) has direct access
because the access pperationfora-givenelementis—find-the-element-whose-indexisi—thetth-element-eanbe-aecessed-withewtaccessing any
other element in the given Array. Of course, if the Array element which satisfies a condition not related to the index value is-Wanted, access
would be indirect.

6.8.6 Recurnsive structure

A datatype is saifl to be recursive if a value of the datatype can contain (or refer to) another value of the datatype. [In this Inter-
national Standard, recursivity is supported by the type-declaration facility (see 9.1), and recursive datatypes can be described us-
ing type-declaration in combination with choice datatypes (8.3.1) or pointer datatypes (8.3,2)._Thus recursive strjcture is not
considered to be a property of aggregate datatypes per se.

EXAMPLE — LI§P has several "atomic" datatypes, collected under the generic datatype "atom™)and a "list" datatype which is|a sequence of
elements each of which can be an atom or a list. This datatype can be described using the Tree'datatype generator defined in 10.2.2.

7 Elements of the Datatype Specification Languagée
This Internationgl Standard defines a datatype specification languagé;in order to formalize the identification and declaration of
datatypes conforming to this International Standard. The languagg;is a subset of the Interface Definition Notatign defined in

ISO/IEC 13886:1996, Information technology — Programming\languages — Language-independent procedure cglling, which
is completely spgcified in Annex D. This clause defines the.basic syntactic objects used in that language.

7.1 IDN ch3aracter-set

The following prpductions 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 01283456789
special . , : ; -
(parentheses)  (full stop) (comma) (colon) (semicolon) (hyphen minus)
{1} / ol A = []
(curly brackets) (solidus) (asterisk) (circumflex) (equals sign) (square brackets)
underscore  _
(low line)
apostrophe ’
(apostrophe)
quote "
(quotation mark)
escape !
(exclamation mark)
space

12
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letter

digit

= llan I ubu | llcll | Ild " | ||e|| | Ilfll | Ilgll l nh n I n ill ' lljll l n kll I " 'Il | nmu I
llnll l IIOII I Ilpll | ||qll | " rll | Ilsll | Iltll I Ilulf l llvll | IIWII I llxll | llyn I ||Z|| .
= lloll l ll1 " I II2II | II3|I ' ll4ll l ll5ll I II6ll | Il7ll I ||8|| I ||9|| .

special = B T L Bt e e B B A T B (O G e S e (R

unde

apostrophe
quote =
escape =

rscore

nmn

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

boun

d-character = non-quote-character | quote .

adddd-character = not defined by this International Standard .

These profluctions are nominal. Lexical productions are always subject to minor changes from implemental

tion, in or

1) Thel
bers
2) Theq
in ch

3) Abo

4)  An g
respd

72 W

A sequen
whitespac|
character

A comme
of the seq

With resp
whitespac|

Any two |
syntactic

Any two
whitespac

hracter-literals and string-literals.

ind-character is required to be associated with the member having th€ corresponding symbol, if an
tation character-set derived from ISO/IEC 10646-1:1993, except that no significance is attached to the

er to handle the vagaries of available character-sets. The following rules, however, always apply

ISO/IEC 11404:1996 (E)

ion to implementa-

ound-characters, and the escape character, are required in any implementation to,be*associated wijith particular mem-

f the implementation character set.

haracter space is required to be bound to the "space” member of ISO/IEC 10646-1: 1993, but it only

nding symbol in an ISO/IEC 10646-1 character-set.
hitespace
e of one or more space characters, except within a character-literal or string-literal (see 7.3),

e. Any use of this International Standard may define any other characters or sequences of charact
et to be whitespace as well, such as horizerital and vertical tabulators, end of line and end of page

it is any sequence of characters beginning with the sequence "/*" and terminating with the first o
hence "*/". Every character of a-comment shall be considered whitespace.

ect to interpretation of a syntactic object under this International Standard, any annotation (sed

b
.

has meaning with-

, in any implemen-
‘case" of letters.

lded-character is any other member of the implementation chdracter-set which is bound to the member having the cor-

thall be considered
ers not in the above
indicators, etc.

tcurrence thereafter

7.4) is considered

exical objects which occur consecutively may be separated by whitespace, without effect on the {nterpretation of the

onstruction. Whitespace shall not appear within lexical objects.

consecutive, keywords or identifiers, or a keyword preceded or followed by an identifier, sh
e

7.3 Leéxicalobjects

1l be separated by

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

7.3.1

Identifiers

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

1) An identifier

2) The identifie
or whatever
declared to i

7.3.2 Digit-s

A digit-string is a

pretation specified

digit-string
7.3.3

A character-lite
datatype, as speci

character-lit
any-charact

escape-cha

character-name

A string-literal is

Charac

S:

X in a component of a type-specifier (Y) refers to that component of Y which Y declares X to idén
refers to in the type-specifier which immediately contains Y, if any, or else the datatype or(Value
entify by a declaration.

ring

by that datatype definition.
= digit { digit } .

ter-literal and string-literal

rﬁil is a terminal-symbol delimited by apostrophe characters\ It is used to designate a value of

edin 8.1.4.

bral = any-character
er = bound-character | added-character | gscape-character .
facter = escape character-name escape<.

identifier { "" identifier } .

a terminal-symbol delimited by quate characters. It is used to designate values of time dataty

e-declaration or value-declaration shall not be declared in any other declaration.

ify, if any,
which X is

terminal-symbol consisting entirely of digits. It is used to designate a value of some datatype, with the inter-

A character

bes (8.1.6),

bitstring datatypeq (10.1.4), and characterstring datatypes (10.1.5), with the interpretation specified for each of those| datatypes.
string-literall = quote { string-character.\} quote .
string-character = non-quote-character | added-character | escape-character .
Every character agpearing in a charactersliteral or string-literal shall be a part of the literal, even when that character|would oth-
erwise be whitesppce.
7.3.4 Keywords

The term keyword refers t©0 any terminal symbol which also satisfies the production for identifier, i.e. is not compose]
characters. The k¢ywords appearing in Table 7-2 are "reserved", in the sense that none of them shall be interpreted 4

fier. All other keywords appearing in this International Standard shall be interpreted as predefined identifiers for the
type-generator to which this International Standard defines them to refer.

d of special
s an identi-
datatype or

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 Annotati

ons

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

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-
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:

value rpc : objectidentifier = { iso(1) standard(0) 11578 };

f an annotation-label, as in:

and that ide

pc: discriminant = n].
(This examplle is fictitious. ISO/IEC 11578:1995 does not define any annotations.)

Non-standarfl annotations, defined by vendors or user organizations, for example, can acquire such labels through-one qf the { iso member-
body <natiof> ... } or { iso identified-organization <organization> ... } paths, using the appropriate national or internationall registration author-

1ty.

7.5 Values

The identiffication of members of a datatype family, subtypes of a datatype, and the\resulting datatypes of datatype generators
may requirg the syntactic designation of specific values of a datatype. For this r€ason, 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 10, except for
datatypes fpr which designation of specific values is not appropriate.

A value-expression designates a value of a datatype. Syntax:
valuefexpression = independent-value | dependent-value | formal-parametric-value .

An independent-value is a syntactic construction which resolves to a fixed value of some LI datatype. A ddpendent-value is a
syntactic cpnstruction which refers to the value possessed‘by another component of the same datatype. A fprmal-parametric-
value refers to the value of a formal-type-parameter in a\type-declaration, as provided in 9.1.

751 Independent values

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

independent-value = explicit-value | value-reference .

expligit-value = boolean-literal | state-literal | enumerated-literal | character-literal

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

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

| extended-literal | pointer-literal | procedure-reference | string-literal
| (bitstring-literal | objectidentifier-value | choice-value | record-value
I''set-value | sequence-value | bag-value | array-value | table-value .
valuerreference = value-identifier .

procgddre-reference = procedure-identifier .

An explicit-value 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 9.2. A procedure-reference designates the
value of a procedure datatype associated with a procedure-identifier, as described in 8.3.3.

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.
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),

© ISO/IEC

The IDN productions for value-reference and procedure-reference appearing in Annex D are more general. The above productions are

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:

dependent-value
primary-dependency =
component-reference

primary-dependency { component-reference } .

field-identifier | parameter-name .
field-identifier | "*" .

A type-specifier 2 ¢ e e depende :
pendent-value. Thus, exactly one type speczf er mvolves agiven dependent—value A type -specifier which mvolves
value is said to b
datatype.

The primary-dependency shall be the identifier of a (different) component of a procedure or record datatype which (
the data-dependent type. The component so identified will be referred to in the following as the priniary compo

erated datatype df which it is a component will be referred to as the subject datatype. That is, the subject dataty

an immediate component to which the primary-dependency refers, and a different immediate'component which, g

contains the datatdependent type.

When the subjec} datatype is a procedure datatype, the primary-dependency shall be ‘@aparameter-name and shall i
rameter of the supject datatype. If the direction of the parameter (component) whieh contains the data-dependent t
“inout", then the direction of the parameter designated by the primary-dependency-shall also be "in" or "inout”. If t
which contains the data-dependent type is the return-parameter or has direction."out", then the primary-dependenc
nate any parame
then the primarytdependency shall designate another parameter in the same termination-parameter-list.
When the subjec
subject datatype.

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

When the depen
primary compon

1) If the nth cg
the value to

If the nth cg
be a record

If the nth cd
record datat
datatype; ar
ponent-refe

lent-value contains no component-refererices, it refers to the value of the primary component. O
ent shall be considered the "Oth comporient-reference"”, and the following rules shall apply:

which the nth component-referénce refers.

2) mponent-reference is not the-last component-reference, then the datatype of the nth component-ref

Hatatype or a pointer datatype.

3) mponent-reference.is not the last component-reference, and the datatype of the nth component-ref|
ype, then the (n+ MNth component-reference shall be a field-identifier which identifies a field of tha

d the (n+1)th'component-reference shall refer to the value of that field of the value referred to by
rence.

If the nth cd
pointer data
value result

4) mponent-reference is not the last component-reference, and the datatype of the nth component-ref|
Lype,then the (n+1)th component-reference shall be "*"; and the (n+1)th component-reference sha

ngfrom Dereference applied to the value referred to by the nth component-reference.

a data-dependent type. Every data-dependent type shall be the datatype of a component.of’sor]

er in the parameter-list. If the parameter which contain$)th€ data-dependent type is a terminatio

tains the de-
h dependent-
he generated

s0) contains

n%nt; the gen-

e shall have
¢ some level,

Hentify a pa-
pe is "in" or
le parameter
y may desig-
n parameter,

A field of the

herwise, the

mponent-reference is the last component-reference of the dependent-value, the dependent-value shall refer to

krence shall

brence is a
t record
the nth com-

brence is a

I|l refer to the

NOTES

1.
be a component of another generated datatype, and so on. The subject datatype may be several levels up this hierarchy.

2. The primary component, and thus the subject datatype, cannot be ambiguous, even when the primary-dependency identifier
than once in such a hierarchy, according to the scope rules specified in 7.3.1.

3. In the same wise, an identifier which may be either a value-identifier or a dependent-value can be resolved by applicatio

The datatype which involves a dependent-value must be a component of some generated datatype, but that generated datatype may itself

appears more

n 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:
« explicit specification of primitive datatypes, which have universal well-defined abstract notions, each independent of any
other datatype.

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

« spetification of the means of datatype declaration, which permits the association of additional identjfiers and refine-
meits to primitive and generated datatypes and to datatype generators.

« spetification of the means of defining subtypes of the datatypes defined by any of the foregoing methods.

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

type-ppecifier = primitive-type | subtype | generated-type | type-reference™l formal-parametric-type .

A type-speifier shall not be a formal-parametric-type, except in some cases in type-decldrations, as provided by clause 9.1.3.

This claus¢ also provides syntax for the identification of values of LI datatypes- Notations for values of dathtypes are required
in the synthctic designations for subtypes and for some primitive datatypes.

NOTES

1.  For cdnvenience, or correctness, some datatypes and characterizing 6perations are defined in terms of other LI dafatypes. The use of a
LI datatype[defined in this clause always refers to the datatype so defined:

2. The ngmes used in this International Standard to identify the datatypes are derived in many cases from common prpgramming language
usage, but nevertheless do not necessarily correspond to the namés ‘of equivalent datatypes in actual languages. The samg applies to the names
and symbol} for the operations associated with the datatypes, and to the syntax for values of the datatypes.

8.1 Primitive datatypes
A datatyp¢ whose value space is defined either axiomatically or by enumeration is said to be a primitive datafype. All primitive
LI datatypgs shall be defined by this Irfternational Standard.

primitive-type = boolean-type ‘| state-type | enumerated-type | character-type
| ordinaltype | time-type | integer-type | rational-type
| scalédstype | real-type | complex-type | void-type .

Each primjtive datatype;-or datatype family, is defined by a separate subclause. The title of each such subclapse gives the infor-
mal name for the datatype, and the datatype is defined by a single occurrence of the following template:

Desctiption: prose description of the conceptual datatype.

Syntax: the syntactic productions for the type-specifier for the datatype.

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

Values: enumerated or axiomatic definition of the value space.

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

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

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

17
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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-name, : parameter-datatype.

The operation-name is an 1dent1ﬁer umaue onlv w1thm the datatype bemg deﬁned The parameter-names are formal identifiers
appearing in the forr C c =
parameter-datat) pe, and all occurrences of the formal 1dent1ﬁer represent the same value in any application of the ¢pgration. The

rpculr_/]nrnr\;np irldicates the datatvne of the value resultine from an annlication of the oneration ‘A formal- dnf'nlhn h defines the

TEIRL-QEIGLY A0ACS UIC Gailaly po O LU Vaiue ILSuiung 1ivin an & aLauiQinl O UC Ypciauli. Orinie

operation in temus 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" jmmediately

hafora tha — o g
OC10IC i€ = OT i

In some operatipn definitions, characterizing operations of a previously defined datatype~are referenced with the form:
datatype.operatign(parameters), where datatype is the type-specifier for the referenced datatype and operation is the name of a
characterizing opgration defined for that datatype.

8.1.1 Boolean

Description: Boglean is the mathematical datatype associated with two-valued logic.

Svntax:
Syniax.

boolean-type = "boolean" .

Parametric Values: none.

"non

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

Value-syntax:
boolean-litIraI = "true" | "“false"

Properties: unordered, exact, non-numeric.

Operations: Equal, Not, And, Or.

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

Not(x: boolgan): boelean is defined by tabulation:

X Not(x)
true [falsé
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
is designated by a unique state-literal.

Value-syntax:
state-literal = identifier .

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

Operations:| Equal.

Equal(x, y: state(state-value-list)): boolean is true if x and y designate the same value in the state-value-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 stafe datatype comprising two distinguished but unordered values, which supports the characterizing operation:
Ihvert(x: switch): switch is if x = off then on, else off.

Description: Enumerated is a family of datatypes, each ofiwhich comprises a finite number of distinguished yalues having an

enumgrated-type = "enumerated" "(%‘enumerated-value-list ")" .
enumegrated-value-list = enumerated-literal { "," enumerated-literal } .
enumegrated-literal = identifier(-

ifiers of the same

erated-value-list,
equence of their

Properties: ordered, exact, non-numeric, bounded.
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 repertoire identiﬁer shall not be a formal-parametric -value, except

in some cases in declarations (see 9.1). All reperioire-identifiers in a given repertoire-list shall designate subsets of the
same referehce character-set. When repertoire-list is not specified, it shall have a default value. The means for $pecification

of the defaylt is outside the scope of this International Standard.

Values: The valgie space of a character datatype comprises exactly the members of the character-sets identified by the repertoire-
list. In cases where the character-sets identified by the individual repertoire-identifiers have membersin commpn, the value

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

Value-syntax:
character-|iteral = ™" any-character
any-charagter = bound-character | added character | escape-character .
bound-chdracter = non-quote-character | quote .
non-quotetcharacter = letter | digit | underscore | special | apostrophe | space .
added-chdracter = not defined by this International Standard .
escape-character = escape character-name escape .

character-name = identifier { " " identifier } .

nn

Every charcter-literal denotes a single member of the character-set identified by repertoire-list. A bound-character de-
notes that member which is associated with the symbol for.thé-bound-character per 7.1. An added-character|denotes that
member which is associated with the symbol for the added-character by the implementation, as provided in 7.1. An escape-
character denotes that member whose "character name'™in the (reference) character-set identified by repertoife-list is the
same as chqracter-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-det given by

repertpire-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 standafds rather than
by this Internationjal Standard-ef\by the application. This distinction is semantically unimportant, but it is of great significanc¢ in any use of
these standards.

2. The standardizatioirof repertoire-identifier values will be necessary for any use of this International Standard and will of ndcessity extend
to character sets whicliare defined by other than international standards. Such standardization is beyond the scope of this Intefnational Stan-
dard. A partial list of 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

Description: Ordinal is the datatype of the ordinal numbers, as distinct from the quantifying numbers (datatype Integer). Ordinal
is the infinite enumerated datatype.

Syntax:
ordinpl-type = "ordinal" .

Parametriq Values: none.

Values: tHe mathematical ordinal numbers: "first", "second", "third", etc., (a denumerably infinite list).

Value-synfax:
ordingl-literal = number .
number = digit-string .

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

Properties| ordered, exact, noninumeric, unbounded above, bounded below.

Operation$: Equal, InOrder, Successor
Equal(x, y: ordinal): boolean is true if x and y designate thie.same ordinal number, and false otherwise.
InOrder(x,y: ordinal): boolean, denoted x <y, is true(ifx =y or if x precedes y in the ordinal numbers, [else false.

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

Descriptiopn: Date-and-Time is a family of-datatypes whose values are points in time to various common resolutions: year,
month, day, hour, minute, second;-and fractions thereof.
Syntax:
timeftype = "time" "(" Aime-unit [ "," radix "," factor 1")" .
timequnit = "year" [("month" | "day" | "hour" | "minute" | "second" | formal-parametric-vplue .
radi = value-expression .
factor = value-expression .

Parametri¢ Valués;-Time-unit shall be a value of the datatype state(year, month, day, hour, minute, secor]d), designating the
unit tp which the point in time is resolved. If radix and factor are omitted, the resolution is to one of the specified time-unit.
If present; radix shall have an integer value greater than 1, and factor shall have an integer value. Whesﬁ radix and factor

are present, the resolution is to one radix(74¢1") of the specified time-unit. Time-unit, and radix and factor if present, shall
not be formal-parametric-values except in some occurrences in declarations (see 9.1).

Values: The value-space of a date-and-time datatype is the denumerably infinite set of all possible points in time with the 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_r te nf tha ~ifiad racnln tha tin
il INUTGer \A,_y }, then tne numoer of time-units of tne SpECiiica resolution unayouls between the tim

nd
G

ni awva
C A air

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

tha ¢
v

Tma
uinc

Y5

Extend.resl tores2(x time(unit] radixl, factor] ))' time(um'tZ radix2, factorZ) where the resolution (res2) speciﬁed by

\umu rcalxz racwru is more Dl'C(,le than the resolution \re.u ) bDCLlIlCU DV (umu raat)u faC[O"l }, is that value of

time(unif2,

factor2)

Round.resIto
(unit2, rd

v of tima
J V1l Ll

NOTE — The operations yielding specific time-unit elements from a time(unit, radix, factor) value, e.g.~Year, Month, DayofY,

Month, Ti mpnmqv

AVAOI, 2 HNCIY A

EXAMPLE — time(second, 10, 0) designates a date-and-time datatype whose values are points ifi time with accuracy to the sed

"19910401T12000

8.1.7 Integer

Description: Integ

Syntax:
integer-type

Parametric Values

Values: Mathematically, the infinite ring produced from the additive identity (0) and the multiplicative identity (1) by
0 <1 and Ad(

Value-syntax:

integer-literaj
signed-numlj
q

An integer-lit
string interprg

number =

Properties: orderegl, exact, numeric, unbounded.

Operations: Equal
Equal(x, y: in

2, radix2, factor2) which designates the first instant of time occurring within the span of time(uni
dentified by the instant x.

res2(x: time(unitl, radixl, factorl)): time(unit2, radix2, factor2), where the resolution (res2) spec

dix2, factor2) is less precise than the resolution (res!) specified by (unitl, radixl, factorl);is the laf
1mit) wadiv) fartor enich that InOrdoar(Fvtand socPtarac () v)

uniiz, raaixc, Jalior4 ) Sulil uiat MIVIUCIUAWHU T ESLIUTES I\ )y A ).

Hour, Minute Qpr\nprl can be derived from pnnpd thppd and Difference.
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D" specifies the value of that datatype which is exactly noon on April 1, 1991 universal time.

er is the mathematical datatype comprising the exact integ

"integer”

none.

(x,1) 2y for any y <x. Thatis: ..., -2, =)0, 1, 2, ... (a denumerably infinite list).

signed-number .
er = [ "-" ] number .
igit-string .

pral denotes an integer value. If the negative-sign ("-") is not present, the value denoted is that of
ted as a decimal number. If the negative-sign is present, the value denoted is the negative of that

InOrder; NonNegative, Negate, Add, Multiply.

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

Add(x,y: integer)—imteger s the Tmathenmaticat additive operation.
Multiply(x, y:

2, radix2,

fied by
gest value

ear, Dayof-

ond.

requiring

the digit-
value.

integer): integer is the mathematical multiplicative operation.

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

NonNegative(x: integer): boolean is

true if x =
.. if x = Add(1, Add(, ...

i

0 or x can be developed by one or more iterations of adding 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: Mathematically, the infinite field produced by closing the Integer ring under multiplicative-inverse.

Value-syntax:
rational-literal = signed-number [ "“/* number ] .

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

Promote(signed-number),

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

Properties: ¢rdered, exact, numeric, unbounded.

Operations: [Equal, NonNegative, InOrder, Negate, Add, Multiply, Reciprocal, Promete.
Equal(x, y: rational): boolean is true if x and y designate the same rational number, and false otherwise.
Promotg(x: integer): rational is the embedding isomorphism between the.integers and the integral rational| values.
Add(x,¥: rational): rational is the mathematical additive operatiorf.
Multiplly(x, y: rational): rational is the mathematical multiplicative operation.
Negate(x: rational): rational is the value y: rational such that:Add(x, y) = 0.
Reciprdcal(x: rational): rational, where x # 0, is the value'y: rational such that Multiply(x, y) = 1.

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

For every rational value k, there is a non-négative integer n, such that Multiply(n,k) is an integral value, and:
NgnNegative(k) = integer.NonNegative(Multiply(n,k)).

InOrdeg(x,y: rational): boolean = NonNegative(Add(x, Negate(y)))
8.1.9 Scgaled

Description:| Scaled is a family of datatypes whose value spaces are subsets of the rational value space, each individual datatype
having p fixed denominator; but the scaled datatypes possess the concept of approximate value.

Syntax:
scaleditype = secaled" "(" radix "," factor ")" .
radix # value-expression .
factor [= «value-expression .

Parametric Values: Radix shall have an integer value greater than I, and jactor shall have an integer value. Radix and factor
shall not 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,
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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: sc

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

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

rationa

1.InOrder(z,x) implies rational.InOrder(z,y).

Multiply(x
Divide(x,y

EXAMPLES

1. A datatype 1

type @
where the keywor

2. The value 3¢
may be representg

NOTES
1.  The case fad

except Divide, wi
scaled(r, 0). Itis

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

Epresenting monetary values exact to two decimal places can be defined by:
urrency = new scaled(10, 2);
H "new" is used because currency does not support the Multiply and Divide operatiofis’characterizing scaled(

.50 (or 39,50), i.e.thirty-nine and fifty one-hundredths, is represented by: 3950-* 10 A -2, while the value 1
d by: 10.

tor = 0, i.e. scaled(r, 0) for any r, has the same value-space as Integer, and is isomorphic to Integer undef
ich is not defined on Integer in this International Standardybut could be defined consistent with the Divid
recommended that the datatype scaled(r, 0) not be used‘eéxplicitly.

2. Any reason
datatype is mapp

3.

considered a spec

4. The values

be a "subtype" of
tions. Therefore s
operations, charag
inition of Multiply

5.

6. Every scaled
can be mapped 1-

The proper definition of scaled arithmetic is complicated-by the fact that scaled datatypes with the same radix can be comb
in an arithmetic e{pression and the arithmetic is effectively Rational until a final result must be produced. At this point, roundin
scale for the resulf operand occurs. Consequently, the-given definition of arithmetic, for operands with a common scale factor

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

le rounding algorithm is equally acceptable. What.is required is that any rational value v which is not a valy
into one of the two scaled values ner® and (n+1)°r(‘0, such that in the Rational value space, nerP<v< (1

fication for arithmetic on the scaled datatype.

n any scaled value space are-taken from the value space of the Rational datatype, and for that reason Scaled
both Rational and Real (see\8.2). But scaled datatypes do not "inherit" the Rational or Real Multiply and Re
Caled datatypes are not/proper subtypes of datatype Real or Rational. The concept of Round, and special Multi
Lerize the scaled datafypes. Unlike Rational, Real and Complex, however, Scaled is not a mathematical group
, although the result§-are intuitively acceptable.

dataype.is exact, because every value in its value space can be distinguished in the computational model. (T|
0-1 onto the integers.) It is only the operations on scaled datatypes which are approximate.

0,2).

.00 (or 10,00)

all operations
operation for

e of the scaled
+1)erCD

ned arbitrarily
lg to the proper
should not be

may appear to
iprocal opera-
ply and Divide
under this def-

he value space

7.

Scaled-literals are interpreted as decimal values regardless of the radix of the scaled datatype to which they belong. It was not found

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

8.1.10 Real

Description: 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
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radix = value-expression .
factor = value-expression .

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:

Let R denote the mathematical real value space and for vin R, let | v | denote the absolute value of v. Let V denote the value
space ; = > : i lowing properties:

’ 3

-0isinV;
— for each r in N such that | r | > g, there exists at least onerin Vsuch thatlr-ml<lrlte;
— for each r in R such that | r | <€, there exists at least one r in V such that |.r>r1 < €2;.

Value-syntpx:
real-literal = integer-literal [ "*" scale-factor ] .

scaleffactor = number "A" signed-number .

A real-literal denotes a value of a real datatype. The integer-literal is interpréted as a decimal integer vglue, and the scale-
facton if present, is interpreted as number raised to the power signed-number, Where number and signed-number are ex-

pressed as decimal integers. If the scale-factor is not present, the value is that denoted by integer-literal. |If the scale-factor
is pregent, the value denoted is the rational value Multiply(integer-literal, scale-factor).

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

In the follgwing operation definitions, let M designate an approximation function which maps each r in R info a corresponding
r in V with|the properties given above and the further requirement that for each vin V, M(v) = v.

Equal(x, y: real(radix, factor)): boolean is true if x;:and y designate the same value, and false otherwise.
InOrder(x,y: real(radix, factor)): boolean is trug'if x <y, where < designates the order relationship on R, and false otherwise.
Prométe(x: rational): real(radix, factor) ="M(x).

Add(d,y: real(radix, factor)): real(radix) factor) = M(x + y), where + designates the additive operation or] the mathematical
rgals.

Multiily(x, y: real(radix, factor)): real(radix, factor) = M(x * y), where * designates the multiplicative operation on the
athematical reals.

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

Recipyocal(x: real(#adix, factor)): real(radix, factor), where x # 0, = M(x’) where x’ is the real multiplichtive inverse of x.

NOTES

1.  Thell datatype Real is not the abstract mathematical real datatype nor is it an abstraction of ﬂoating-point implementations Itis a com-
putational nle e 3 1 y atls of the relationship
of a real datatype to ﬂoatmg pomt 1mplemenlat10ns may be spemﬁed by the use of annotanons (see 7 4). For languages whose semantics in
some way assumes a floating-point representation, the use of such annotations in the datatype mappings may be necessary. On the other hand,
for some applications, the representation of a real datatype may be something other than floating-point, which the application would specify by
different annotations.

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

Comp

lex

© ISO/IEC

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 app

Syntax:

complex-t
radix = v
factor =

lications.

lue-expression .
lue-expression .

Parametric Valu¢s: Radix shall have an integer value greater than 1, and factor shall have an integer valué. Radix rnd factor

Values: The val

Value-syntax:

Properties: appr
Operations: Equ

In the following
v in V with the p
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value space
properties:

‘ormal-parametric-values except in some occurrences in declarations (see 9.1). When7adix and f
ey shall have default values. The means for specification of these defaults is outside the scope of
ard.

he space of the mathematical complex type is the field which is the solution‘space of all polynomi
coefficients. The value space of a computational complex datatype shallybe a subset of the mathe
haracterized by two parametric values, radix and factor, which, taken-together, describe the precis
e datatype are distinguishable, in the following sense:

e the mathematical complex value space and for v in C, let | vddenote the absolute value of v. Let

—-0isinV;
—for each v in C such that | v 1> €, there exis{§’at least one v in Vsuchthat | v-vI<lvieg;
—for each v in C such that | v | < &, there exists at least one v in V such that | v - v | < €2;.

complex-liferal = "(" real-part "," imaginary-part ")" .

real-part s
imaginary-
A complex-

ues, and the
ematical co

square root

real-literal .
part = real-literal .

fiteral denotes a value of a complex datatype. The real-part and the imaginary-part are interprete
complex value denotedis: M(real-part + (imaginary-part * i)), where + is the additive operation
mplex numbers and.<.isthe multiplicative operation on the mathematical complex numbers, and i is t

of -1 (one of the two solutions to x2 + 1 = 0).
pximate, nuineric, unordered.
al, Promete, Negate, Add, Multiply, Reciprocal, SquareRoot.

opération definitions, let M designate an approximation function which maps each vin Cinto ac

ctor are not
this Interna-

1l equations
matical com-
on to which

V denote the

of datatype complex(radix, factor), and let € = radix(7¢*.) Then V shall be a subset of C with the following

d as real val-
on the math-
he "principal

brresponding

ropefties given above and the further requirement that for each v in V, M(v) = v.

Equal(x, y:

Promote(x:

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

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.
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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
information in a given instance. '

Syntax:
void-type = "void" .

Parametric[Values: none.

Values: Cdnceptually, the value space of the void datatype is empty, but a single nominal value ismecessary toperform the "pres-
ence rgquired” function.

Value-syntax:
void-lfteral = "nil" .

"nil" i the syntactic representation of an occurrence of void as a value.
Properties: | none.
Operations| Equal.

Equal(x, y: void) = true;
NOTES

1.  The vdid datatype is used as the implicit type of the result parameter of a procedure datatype (8.3.3) which returns fio value, or as an al-
ternative of f choice datatype (8.3.1) when that alternative has ne_content.

2. The vdid datatype is represented in some languages.asa record datatype (see 8.4.1) which has no fields. In this Infernational Standard,
the void dat3type is not a record datatype, because it hasnone of the properties or operations of a record datatype.

3.  Like tHe motivation for the void datatype itsélf, Equal is required in order to support the comparison of aggregate vdlues containing 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

of that of the base datatype whilst maintaining all characterizing operations. Subtypes are created by a kind of|datatype generator
which is ujusual.ifrthat its only function is to define the relationship between the value spaces of the base datatype and the sub-

type.
subt

A subtypelis a datatypé derived from an existing datatype, designated the base datatype, by restricting the val\F space to a subset

| 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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Properties: all datatype properties are the same in the subtype as in the base datatype, except possibly the presence
and values of the bounds. This entry therefore defines only the effects of the subtype generator on the
bounds.

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 Range

Description: Range creates a subtype of any ordered datatype by placing new upper and/or lower bounds on the value space.
Syntax:
range-subtype = base "range" "(" select-range ")" .
select-range = lowerbound ".." upperbound .
lowerbound = value-expression | "*"
upperbound = value-expression | "*" .
base = type-specifier .

Components: Bdse shall designate an ordered datatype. When lowerbound and upperbound dre yalue-expressions) they shall
have values pf the base datatype such that InOrder(lowerbound, upperbound). When lowerbound is "*", it indi¢ates that no
lower bound is being specified, and when upperbound is "*", it indicates that no upper. bound is being specified. Lower-
bound and uUpperbound shall not be formal-parametric-values, except in some occurrences in declarations (sed 9.1).

Values: all valugs v from the base datatype such that lowerbound < v, if lowerboynd.is specified, and v < upperboud, if upper-
bound is spgcified.

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

8.2.2 Selecling

Description: Selgcting creates a subtype of any exact datatype\by enumerating the values in the subtype value-spad

°

Syntax:
selecting-sibtype = base "selecting" "(* select-list ")" .
select-list + select-item { "," select-item/} .
select-item| = value-expression | select-range .
select-range = lowerbound ".." uppérbound .
lowerbound = value-expressionl "*" .
upperbound = value-expression | "*" .
base = type-specifier .

Components: Bafe shall designate an exact datatype. When the select-items are value-expressions, they shall have Values of the
base datatype, and eachvalue shall be distinct from all others in the select-list. A select-item shall not be a selpct-range
unless the bgse datatype is ordered. When lowerbound and upperbound are value-expressions, they shall have values of the
base datatype.such that InOrder(lowerbound, upperbound). When lowerbound is "*", it indicates that no lower bound is
being specified;-and-whenupperbonndis£"—itindieatesthat no-upper-boundisbeingspecificd—Novatme=expression oc-
curring in the 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-list or if all select-ranges in the select-list specify the corresponding bounds.

8.23 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 de51gnate an exact datatype A select-ttem shall not be a select-range unless the base datatype is ordered.
pers : z 2 ch that InOrder(low-

erbo d upperbound) When lowerbound is "*", 1t 1nd1cates that no lower bound is bemg spcmﬁed 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-

Values: The value space of the Excluding subtype comprises all values of the base datatype except for those specified by the
select-list. A select-item which is a value-expression specifies the single value designated’by that valug-expression. A se-
lect-itlem which is a select-range specifies all values v of the base datatype such that lowerbound < v, iff a lower bound is

Properties] The subtype is bounded (above, below, both) if the base datatype is so bounded or if some seleci-range appears in
the salect-list and does not specify the corresponding bound.

8.24 bize

Descriptiop: Size creates a subtype of any Sequence, Set, Bag or Table datatype by specifying bounds on the number of elements
any vplue of the base datatype may contain.

size-subtype = base "size" "(" minimum-size [ ¢*.." maximum-size ] ")" .
maximum-size = value-expression | ™" .

minimum-size = value-expression .

base| = type-specifier .

Componerjts: Base shall designate a generated datatype resulting from the Sequence, Set, Bag or Table gengrator, or from a
"new| datatype generator whose valu€ space is constructed by such a generator (see 9.1.3). Minimum-sjze shall have an
integgr value greater than or equal to~zero, and maximum-size, if it is a value-expression, shall have an }teger value such
that minimum-size < maximum-size. If maximum-size is omitted, the maximum size is taken to be equa|l to the minimum-
size, and if maximum-size is<*", the maximum size is taken to be unlimited. Minimum-size and maximum-size shall not be
formal-parametric-values, except in some occurrences in declarations (see 9.1).

Values: The value space of the subtype consists of all values of the base datatype which contain at least minfmum-size values
and af most maximuni-size values of the element datatype.

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

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

8.2.5 Explicit 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)).

8.2.6 Extended

Description: Ext¢nded creates a datatype whose value-space contains the value-space of the base datatype as aproper subset.

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

Components: Bafse may designate any datatype. An extended-value shall be an extended-literal, except in some oc¢urrences in

declarations|(see 9.1). Each extended-literal shall be distinct from all value-litérals and value-identifiers, if any| of the base
datatype and distinct from all others in the extended-value-list.

Values: The valye space of the extended datatype comprises all values in the, yalue-space of the base datatype plusthose addi-
tional valueq 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 valugs are upper
or lower boynds.

to, or yielding, the added values in the extended-value-list>dn particular, when the base datatype is ordered, the behavior of the
InOrder operation on the added values shall be specified.

The definition of;n extended datatype shall include specification of the characterizing operations on the base datatyie as applied
NOTES
1.  Extended profluces a subtype relationship in which the base datatype is the subtype and the extended datatype has the larger|value space.

2.  Other uses of|the IDN syntax make stfoénger requirements on the uniqueness of extended-literal identifiers.

8.3 Generated datatypes

A generated datptype is-a\datatype resulting from an application of a datatype generator. A datatype generator is p conceptual
operation on onelor more.datatypes which yields a datatype. A datatype generator operates on datatypes to generatg a datatype,
rather than on values to-generate a value. The datatypes on which a datatype generator operates are said to be its pgrametric or
component datatypes. The generated datatype is semantically dependent on the parametric datatypes, but has its |own charac-
terizing operations. An important characteristic of all datatype generators is that the generator can be applied to many different
parametric datatypes. The Pointer and Procedure generators generate datatypes whose values are atomic, while Choice and the

generators of aggregate datatypes generate datatypes whose values admit of decomposition. A generated-type designates 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.

Operations: characterizing operations for the resulting datatype which associate to the datatype generator. 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 hoice
Description: Choice generates a datatype called a choice datatype, each of whose values-is a single value frqgm any of a set of

alterndtive datatypes. The alternative datatypes of a choice datatype are logically<distinguished by their qorrespondence to

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

alternptive-list = alternative { "," alternative } .[.default-alternative ] .
alternptive = tag-value-list [ field-identifier ]_!:"-alternative-type .
default-alternative = "default" ":" alternative-type .

alternptive-type = type-specifier .

tag-vaglue-list = "(" select-list ")" .

selecttlist = select-item { “," seléct-item } .

select-item = value-expression._| select-range .

selectrrange = lowerbound\.".." upperbound .

lowerbound = value-expression | "*" .

upperpound = value-expression | "*"

Components: Each altérnative-type in the alternative-list may be any datatype. The tag-type shall be an exagt datatype. The
tag-vajue-list of edch alternative shall specify values in the value space of the (tag) datatype designated by tag-type. A se-
lect-it¢m shalknot be a select-range unless the tag datatype is ordered. When lowerbound and upperboupd are value-ex-
pressigns; they shall have values of the tag datatype such that InOrder(lowerbound, upperbound). When lpwerbound is "*",
it indi¢ates’that no lowerbound is being specified, and when upperbound is "*", it indicates that no uppetbound is being

specified. No value-expression in the select-list shall be a parametric value, except in some occurrences in declarations (see
9.1).

A choice datatype defines an association from the value space of the tag datatype to the set of alternative datatypes in the
alternative-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

tag-value

alternative-

"(" tag-value ":" alternative-value ")" .
independent-value .
value = independent-value .

A choice-vdlue denotes a value of a choice datatype. The tag-value of a choice-value shall be a value of the(ag

the choice
denoted sh.

Properties: unor

Subtypes: any choice datatype in which the tag datatype is the same as, or a subtype of, the tag datatype of the bas

and the alte;
the alternati

Operations: Equal, Tag, Cast, Discriminant.

tatype, and the alternative-value shall designate a value of the corresponding alternative datatype
1 be that value having the conceptual form (tag-value, alternative-value).

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

native datatype corresponding to each value of the tag datatype in the subtype.is the same as, or a
ve datatype corresponding to that value in the base datatype.

datatype of
. The value

e datatype,
subtype of,

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

Tag.type(x:|type, s: tag-type): choice (tag-type) of (alternative-list), where typeis that alternative datatype in alfernative-list
which Forresponds to the value s, is that value of the choice datatypedwhich has tag-value s and alternativie-value x.

Cast.type(x] choice (tag-type) of (alternative-list)): type, where type is an alternative datatype in alternative-lift, is:
if the tdg value of x selects an alternative whose alternative-typeis type, then that value of rype which is the [alternative)
value df x, else undefined.

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

type.Equal(Cast.type(x), Cast.type(y)),
where fype is the alternative datatype of the selected alternative and type.Equal is the Equal operation on the datatype
type, else false.
NOTES

1.  The Choice ¢
datatype with "va
and similar discri

union

may be represente:
choicg

atatype generator is referred'to in some programming languages as a "(discriminated) union" datatype, and
ants". The generator defined here represents the Pascal/Ada "variant-record" concept, but it allows the C-lang
inated union concepts, to be supported by a slight subterfuge. E.g. the C datatype:
(
float at;

int a2;

char* a3;._}
i by:

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

in others as a
uage "union",

2.

(al): real

(a2): integer,
(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 appearing explictly or implicitly in the alternative-list is not required to cover the value space of the tag datatype.

3.

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 required, and most implemenations explicitly incorporate the tag-value.
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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

Description: Pointer generates a datatype, called a pointer datatype, each of whose values constitutes a meal

ns of reference to

values of another datatype, designated the element datatype. The values of a pointer datatype are atomic.

vith a value of the
y value of the ele-

e pointer datatype.

tate datatype, else

d with the value x.

y be many values of
ment datatype which

Syntax:
pointdr-type = "pointer" "to" "(" element-type ")" .
elemgnt-type = type-specifier .

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

Values: THe value space is that of an unspecified state datatype, each of whose values, save one, is associated
elemept datatype. The single value null may belong to the value space but it is never associated with an
ment datatype.

Value-synthx:
pointgr-literal = "null" .

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

Properties: | unordered, exact, non-numeric.

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

Operations{ Equal, Dereference.

Equal(x, y: pointer(element)): boolean is true if the values;x and y are identical values of the unspecified §
false;
Deref¢rence(x: pointer(element)): element, where x # null, is the value of the element datatype associate

NOTES

1. A poiner datatype defines an association fromi the "unspecified state datatype" into the element datatype. There mg

the pointer datatype which are associated with the same value of the element datatype; and there may be members of the ele

are not asso¢iated with any value of the pointer datatype. The notion that there may be values of the "unspecified state datatype" to which no

element valye is associated, however, is.an-artifact of implementations — conceptually, except for null, those values of the

ified state dgtatype" which are not asseciated with values of the element datatype are not in the value space of the pointer
2. Two ppinter values are gqual only if they are identical; it does not suffice that they are associated with the same
datatype. The operation which compares the associated values is

Equal.glement(Deréference(x), Dereference(y)),
where Equal element.is.the Equal operation on the element datatype.

(universal) "unspec-
datatype.

value of the element

b of datatype pointer
ointer datatypes also

s changing the value

8 p
returned by the Dereferencc operation on the value of datatype pointer to e. This assignment operation was not found to be necessary to char-
acterize the pointer datatype, and listing it as a characterizing operation would imply that support of the pointer datatype requires it, which is
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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manipulated through its address. The cell, which is the pointer-value, is distinguished from its contents, which is the element-value.

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
other datatypes, designated the parameter datatypes. That is, a procedure datatype comprises the set of all operations on

Syntax:

Components: A

34

values of a particular collection of datatypes. All values of a procedure datatype are conceptually atomic.

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

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

parameter-gdeclaration = direction parameter .

direction =| "in" | "out" | “inout" .

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

parameter-fype = type-specifier .

parameter-name = identifier .

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

reference = termination-identifier .

distinct fro

terminationlist, if any, shall be distinct.

parameters. |A parameter is said to be a result parameter if it is the return-parameter or it appears in the pard

arameter-type may designate any datatype. The parameter-names of parameters in the parameter
each other and from the parameter-name of the return-parameter, if any. The termination-referdgnces in the

list shall be

parameter
r "inout”.
11 the input
meter-list

and its parameter-declaration contains the direction "out" or "inout". The normal result space is the cross-prpduct of the
value spaced of the datatypes designated by the'parameter-types of all the result parameters, if any, and otherwike the value

space of the void datatype. When there is.no.termination-list, the result space of the procedure datatype is the n
space, and epery value p of the procedure datatype is a function of the mathematical form:
p: LI x[lhx .. xI; 5> Rp xRy xRyx ... xRy,

brmal result

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

datatype of the kth result parameter, and Rp is the value space of the return-parameter.

When a te

ination-list is present, each termination-reference shall be associated, by some termination-decla

ation (see

9.3), with anj alternatjve result space which is the cross-product of the value spaces of the datatypes designatdd by the pa-
rameter-types of the-parameters in the termination-parameter-list. Let A be the alternative result space of the|jth termina-

tion. Then:

Al = EJxEy x ... x B,

where E}/ is 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:

proce

proce

A proq

type-sj
of the
dard.

Properties:

Subtypes:
* Pis
in th
ram

IfP

[ "returns" "(" return-parameter ")" ] [ "raises" "(" termination-list ")" ] .

Hure-identifier = identifier .

edure-declaration declares the procedure-identifier to refer to a (specific) value of the procedure
becifier is identical to the procedure-declaration after deletion of the procedure-identifier. The me]

unordered, exact, non-numeric.

For two procedure datatypes P and Q:

baid to be formally compatible with Q if their parameter-lists are of theé same length, the direction
e parameter-list of P is the same as the corresponding parameter-in the parameter-list of Q, both
pter or neither does, and the termination-lists of P and Q, if ptesent, contain the same termination-

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

ram
res
are i

inp
subt

Every
proced

Operations

The definit
dividual pr
dure dataty
and whose

Invoke
p

If Plis formally compatible with Q, and for every input parameter of Q , the parameter datatype of the
rameter of P is a (not necessarily proper) subtypeof the parameter datatype of the parameter of Q, then

It-subtype of Q. If the return parameter datatype and.all of the parameter datatypes in the parame
entical (none are proper subtypes), then each is aresult-subtype of the other.

t-subtype of P. If all of the input parameter datatypes in the parameter-lists of P and Q are identica
ypes), then each is an input-subtype of the other.

ure datatype.
Equal, Invoke.
ons of Invoke and Equals below are templates for the definition of specific Invoke and Equals ope
cedure datatype. (Eaeh procedure datatype has its own Invoke operator whose first parameter is a
Fesult-list has)the datatypes of the result space of the procedure datatype.

(x: procedure(parameter-list), vy: Iy, ..., vy: 1,): record (ry: Ry, ..., Iyt R,,) is that value in the resu
foduged by the procedure x operating on the value of the input space which corresponds to values

datatype whose
ans of association

brocedure-identifier with a particular value of the procedure datatype is outside the.scope of this International Stan-

bf each parameter
have a return-pa-
references.

corresponding pa-

ter of P is a (not necessarily proper) subtype of the patameter datatype of the parameter of Q, then P is said to be a

er-list of P and Q

corresponding pa-
Q is said to be an
| (none are proper

[subtype of a procedure datatype shiall be both an input-subtype of that procedure datatype and a resylt-subtype of that

rators for each in-
alue of the proce-

pe, and whose remaining input parameters, if any, have the datatypes in the input space of that pfocedure datatype,

t space which is
V15 wes V)

Equal

X,y procedure(parameter-list)): boolean is:

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

neither x nor y is defined on (v, ..., vp), or
Invoke(x, vy, ..., v,) = Invoke(y, vy, ..., vp);

and false otherwise.

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) is a subset of the collection of procedures which can accept an input from the more restricted input datatype (integer range (0..100)).
If a procedure is required to be of type P, then it is presumed to be applicable to values in integer range (0..100). If a procedure 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-

i 2 hen e applicable to an

ed.

arbitrary integer v 1ue for example 1 and therefore a procedure of type P Wthh is not necessarlly deﬁned at 1 cannot be ug

4.  Indescribingfindividual values of a procedure datatype, it is common in programming languages to specify parametet-names, in addition
to parameter datatypes, for the parameters. These identifiers provide a means of distinguishing the functionality ofithe individual parameter
values. But while this functionality is important in distinguishing one value of a procedure datatype from another( it'has no megning at all for
the procedure datatlype itself. For example, Subtract(in a:real, in b:real, out diff: real) and Multiply(in a:real, in b:real, out grod: real) are
both values of the frocedure datatype procedure(in real, in real, out real), but the functionality of the parameters a and b in the {wo procedure
values is unrelated

put, to import
e parameters
f input values
which are out-
It is used here

5. Indescribing|procedures in programming languages, it is common to distinguish parameters as\inptt, output, and input/ou
information from dommon interchange areas, and to distinguish returning a single result value from returning values through t|
and/or the interchapge areas. These distinctions are supported by the syntax, but conceptually,-a procedure operates on an set 9
to produce a set of joutput values. The syntactic distinctions relate to the methods of movingiyalues between program elements,
side the scope of thiis International Standard. This syntax is used in other international standards which define such mechanisms.
to facilitate the mapping to programming language constructs.

6.  As may be af
datatype and the v.
space and the valu
cluding "normal",

termination-n

parent from the definition of Invoke above, there is a natural isomorphism between the normal result space
hlue space of some record datatype (see 8.4.1). Similarly, there is an isomorphism between the general forn
e space of a choice datatype (see 8.3.1) in which the tag datatype is the unspecified state datatype and each 3
has the form:

ame: alternative-result-space (record-type).

f a procedure
h of the result
Iternative, in-

8.4 Aggregpte Datatypes

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

* applying 4
datatype,

component

n algorithmic procedure to the value spaces of its component datatypes to yield the value space of the aggregate
and

« providing|a set of characterjzing/operations specific to the generator.

Thus, many of th
Unlike other gen
accessible throug

This clause desct

e properties of aggregate datatypes are those of the generator, independent of the datatypes of the
prated datatypes, it is characteristic of aggregate datatypes that the component values of an aggreg
h characterizing operations.

ibes commonly encountered aggregate datatype generators, attaching to them only the semantics

from the constru

tion’procedure.

components.
ate value are

which derive

aggregate-

type

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.

“aggregate” value has only one component, or even none at all.

2.

36

Many characterizing operations on aggregate datatypes are "constructors"
lection of values of the component datatypes, or "selectors"

, which construct a value of the aggregate dataty,
, which select a value of a component datatype from a value of

In general, an aggregate-value contains more than one component value. This does not, however, preclude degenerate cases where the

pe from a col-
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 first is 4 proper conceptual definition, while the second is clearly the definition of a particular-implementation of a Jree. Which of these

datatype deffnitions is appropriate to a given usage, however, depends on the purpose to which/this-International Standaid is being employed
in that usagg.

5. There {s no "generic" aggregate datatype. There is no "generic" construction algorithm, and the "generic" form of aggregate has no char-
acterising operations on the aggregate values. Every aggregate is, in a purely mathématical sense, at least a "bag" (see|8.4.3). And thus the
ability to “s¢lect one” from any aggregate value is a mathematical requirement givén)by the axiom of choice. The ability to perform any par-
ticular opergtion on each element of an aggregate is sometimes cited as characterizing. But in this International Standdrd, this capability is
modelled as|a composition of more primitive functions, viz.:
Applyfoall(A: aggregate-type, P: procedure-type) is:
not IsEmpty(A) begin

e := Select(A);

Invoke (P, e);

Applytoall (Delete(A, e), P);

nd;

and the partfcular “Select” operations available, as well as.the need for IsSEmpty and Delete, are characterizing.

8.4.1 ecord

Description: Record generates a datatype,.called a record datatype, whose values are heterogeneous aggregations of values of
compégnent datatypes, each aggregation having one value for each component datatype, keyed by a fixed "field-identifier".
Syntax:
recorfl-type = "record"\*(" field-list ")" .
field-ljst = field { "\ .field } .
field  field-ideqtifier ":" field-type .
field-identifier =’ identifier .
field-type (=)type-specifier .

Components:
which may be any datatype Allfi eld-tdenttﬁers of fi elcz's in the fi eld ltst shall be dlstmct

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, FieldSelect, Aggregate.

Equal(x, y: 1
field-ty

(where
There is one Fiel

FieldSelect,|

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

Select and one FieldReplace operation for each field in the record datatype, of the forms:
field-identifier(x: record (field-list)): field-type is

the val

e 5

that val
FieldS¢
i.e. Fie
NOTES
1. sequency
mentation of a Rec

consideration and {
bit string, and then

Th~
111c

which is a value-lidt, however, the physical sequence of fields is significant: it is the convention used to associate the componen|

value-list with the

2.
datatype whose va
can be missing.

3.
type of the base req
a great many differ]
missing fields. Sug
(..., v: void).

4. "Subtypes" o
tional Standard.

8.4.2 Set

FieldReplacp.fieid-identifier(x: record (fieid-iist), y: fieid-type): record (fieid-iist) is

A record datatype can be modelled as a heterogeneous aggtegate of fixed size which is accessed by key, where the key dat4

A record datatype with a subset of the fields of abase record datatype (a "sub-record" or "projection” of the record datatypd

e of the field of record x whose field-identifier is field-identifier.

1 s

ue z: record(field-list) such that FieldSelect.field-identifier(z) = y, and for\all other fields fin recor
lect.(x) = FieldSelect.z)
dReplace yields the record value in which the value of the designated-field of x has been replaced

s in a Record datatype is not semantically significant irnthe definition of the Record datatype generat
brd datatype may define a representation convention which is'an ordering of physically distinct fields, but that
ot a part of the conceptual notion of the datatype. Indeed; the optimal representation for certain Record valy

FieldReplace would be an encoding operation and FieldSelect would be a decoding operation. Note that in 3

~F £.13
U1 11C1U

fields of the Record value.

ues are the field identifiers. But in a valuejof a record datatype, totality of the mapping is required: no field

H(field-list),

by y.

br. An imple-
is a pragmatic
es might be a
record-value
t values in the

type is a state
keyed value)

) is not a sub-

ord datatype: none of the values’in the sub-record value space appears in the base value-space. And there afe, in general,

et "embeddings” which miap the sub-record datatype into the base datatype, each of which supplies different
plying void values for/the\missing fields is only possible if the datatypes of those fields are of the form choic

a "record" datatype which have additional fields is an object-oriented notion which goes beyond the scope 9

values for the
(tag-type) of

f this Interna-

Description: Set

element datatype,

dI€S 3 dala DEe alied g aatld DE MNOSE a S
with operations appropriate to the mathematical set.

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.

Properties: non-numeric, unordered, exact.

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

Subtypes:
a)

=)

hy set datatype in which the element datatype of the subtype is the same as, or a subtype of \.the element datatype of
he base set datatype; or

hy datatype derived from a base set datatype conforming to (a) by use of the Size subfype-generator (see 8.2.4).

f

b)
Operations] IsIn, Subset, Equal, Difference, Union, Intersection, Empty, Setof, Select

=]

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

Subse}(x,y: set of (element-type)): boolean is true if for every value v of the.élement datatype,
r(Not(IsIn(v,x)), IsIn(v,y)) = true, else false; i.e. true if and only if‘\€very member of x is a membgr of y;

Q

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

Differpnce(x, y: set of (element-type)): set of (element-type) is theset consisting of all values v of the elenjent datatype such
that And(IsIn(v, x), Not(IsIn(v,y)));

Union(x, y: set of (element-type)): set of (element-type) is theset consisting of all values v of the element datatype such that
Qr(IsIn(v,x), IsIn(v,y));

Intersgction(x, y: set of (element-type)): set of (element-type) is the set consisting of all values v of the element datatype such
that And(IsIn(v,x), IsIn(v,y));

Empty(): set of (element-type) is the function §'such that for all values v of the element datatype, s(v) = flalse; i.e. the set
which consists of no values of the element datatype;

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

Select[x: set of (element-type))s.element-type, where Not(Equal(x, Empty()), is some one value from the|value space of
element datatype whichyappears in the set x.

NOTE — Seft is modelled as haying only the (undefined) Select operation derived from the axiom of choice. In another senge, the access method
for an elemept of a set value i§*find the element (if any) with value v”’, which actually uses the characterizing “IsIn” operalion, and the unique-
ness property.

8.4.3 Bag

Description:

ment datatype Mu]tlple mstances of the same value may occurina glven collectlon and the ordermg of the value instances
is not significant.

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-list = "(* 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: non-numeric, unordered, exact.

the bas} bag datatype; or
any datptype derived from a base bag datatype conforming to (a) by use of the Size subtype-generator (se

b)
Operations: IsEmpty, Equal, Empty, Serialize, Select, Delete, Insert

IsEmpty(x: bag of (element-type)): boolean is true if for all e in the element value space; x(¢) = 0, else false;
Equal(x, y: bag of (element-type)): boolean is true if for all e in the element value space; x(e) = y(e), else false
Empty(): bag of (element-type) is that function x such that for all e in the element¥alue space, x(e) = 0;
Serialize(x: pag of (element-type)): sequence of (element-type) is:

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

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

Delete(x: bag of (element-type), y: element-type): bag of (element-type) is that function z in bag of (element-ty,
for all e # y, z(e) = x(e), and
if x(y) > 0 then z(y) = x(y) - 1 and if x(y) = Oithen z(y) = 0;

i.e. the pollection formed by deleting one instance€of the value y, if any, from the collection x;

Insert(x: bag of (element-type), y: element-type): bag of (element-type) is that function z in bag of (element-tyf
for all e 2y, z(e) = x(e), and z(y) = x(y) + 1;

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

8.4.4 Sequence

Description: Sequence generates a datatype, called a sequence datatype, whose values are ordered sequences of v
the element fatatype. The ordering is imposed on the values and not intrinsic in the underlying datatype; the
may occur nmore than once.ina given sequence.

Syntax:
Sequence‘ pe = llsequenceu nofu II(II element'type u)u .
element-type /=" type-specifier .

datatype of

L 8.2.4).

pe) such that:

e) such that:

hlues from
bame value

Components: Theelerment-rype shatt designate any datatype, called the element datatype.
Values: all finite sequences of values from the element datatype, including the empty sequence.

Value-syntax:
sequence-value = empty-value | value-list .
empty-value = "(" ")"
value-list = "(" independent-value { "," independent-value } ")" .

Each independent-value in the value-list shall designate a value of the element datatype. A sequence-value den

otes 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

(o)

f the base sequence datatype; or

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.

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(IsSEmpty(x)), is the first value in the sequence x;

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

—

ellse if Head(x) = Head(y), then Equal(Tail(x), Tail(y));
ellse, false;
Empty(): sequence of (element-type) is the sequence containing no values;

Appel
t

NOTES

1. Sequei
depend on p

2. The eqtended operation Conéatenate(x, y: sequence of (E)): sequence of (E).is:

if IsEn

3. Theng
tation of dat]

845 4

Descriptio]

X, y. Sequence of (elemeni-fype)): boolean is:
F ISEmpty(x), then IsSEmpty(y);

nd(x: sequence of (element-type), y: element-type): sequence of (element-type) is
he sequence formed by adding the single value y to the end of the sequence x(

ice differs from Bag in that the ordering of the values is significant and therefore the operations Head, Tail
osition, are provided instead of Select, Delete and Insert, which depend,on. value.

hpty(y) then x; else Concatenate(Append(x, Head(y)), Tail(y));

tion sequential file, meaning "a sequence of values of a given-.datatype, usually stored on some external medi
atype Sequence.

A\rray

1: Array generates a datatype, called an.array datatype, whose values are associations between th

and Append, which

m", is an implemen-

e product space of

one of more finite datatypes, designated the¢ index datatypes, and the value space of the element datatype, such that every
value fin the product space of the index.datatypes associates to exactly one value of the element datatype].
Syntax:
arrayrtype = "array" "(" index-type-list ")" "of" "(" element-type ")" .
index-type-list = index-type*{ "," index-type } .
index-type = type-specifier | index-lowerbound ".." index-upperbound .
indexr-lowerbound_=. value-expression .
index-upperbound-= value-expression .
element-type\. =/ type-specifier .

Componenfs:/The element-type shall designate any datatype, called the element datatype. Each index-type
ordergdand finite exact datatype, called an index datatype. When the index-type has the form:

shall designate an

index-lowerbound .. index-upperbound,
the implied index datatype 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 } ")" .

© ISO/IEC

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 properties: homogeneous, fixed size, no uniqueness, no ordering, access is indexed, dimensionality is equal to the

number of i

Subtypes: any ai
of the base

Operations: Equ

Select(x: ar]

Equal(x, y:
space,
Replace(x:
of (ele
and fo
i.e. Re

NOTES
1. The general

conceptual datatyp]
index datatype. Tl
that it facilitates th

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

defines arrayA to

type drrayB = array (1..m) of (array [1.(n] of (integer));

defines arrayB to
A[i][j] is distingui
construct can prop

2.  The array of]
space of that datat
value.

w1l - 4lo S | £ Lict
uu:.z\-t_ypt:.) T UHIC INUCATL ypPCeTttot.

ray datatype having the same index datatypes as the base datatype and an element datatype which
element datatype.

al, Select, Replace.

array (index, ..., index,) of (element-type)): boolean is true if for every value vy, ..., v,) in the ind

Select(x, vy, ..., vp) = Select(y, vy, ..., vy), else false;

hrray (indexj, ..., index,) of (element-type), y: indexy, ..., yy: index,,Z:“element-type): array (index|
ment-type) is that value w of the array datatype such that w: (yq, &3y, = 2z,

all values p of the index product space except (¥, ..., Y5), Wip — X(p);
blace yields the function which associates z with the value(yy, ..., y,) and is otherwise identical to

prray datatype is "multidimensional”, where the number’of dimensions and the index datatypes themselves
e. The index space is an unordered product space, although it is necessarily ordered in each "dimension", that
is model was chosen in lieu of the "array of array*{model, in which an array has a single ordered index datatyfj
e mappings to programming languages. Notethat:

be a 2-dimensional datatype, whereas

be a 1-dimensional (with elemént;datatype array (1..n) of (integer), rather than integer). This allows lang
hed from Al[j, j] to maintain the distinction in mappings to the LI Datatypes. Similarly, languages which disall
erly state the limitation in.the mapping or treat it as the same as A[i, j], as appropriate.

ype. The order 6f the index datatype then determines the association to the independent-values in a corres

hdex datatypes other than integer is necessary to model certain Pascal and Ada datatypes (and possibly others) y

is a subtype

ay (indexj, ..., index,) of (element-type), y: indexy, ..., y,: index,): element-type is.that value of the element
datatype which x associates with the value (y, ..., y,) in the index product space;

lex product

), ..., index,,)

o

are part of the
is, within each
e, in the belief

ages in which
low the A[i][j]

a single dimension s simply the case in which the number of index datatypes is ! and the index product space is the value

ponding array-

vith equivalent

3. Support fori
semantics.
4. Itis not requ

ired that the specific index values be preserved in any mapping of an array datatype, but rather that each ind|

ex datatype be

mapped 1-to-1 onto 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 Mapy(x;) e« ( IT sizej,; ),
= J=1

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

ray (1..80, 1..24) of character (unspecified).
And the Fortfan subscript operation:
= SCREEN (COLUMN, ROW)

is equivalent fto the characterizing operation:
Select (screen, column, row);
while

CREEN(COLUMN, ROW) =8

is equivalent to the characterizing operation:
eplace(screen, column, row, S).

The Fortran standard (ISO/IEC 1539:1991, Information technology — Programming langudges — Fortran), however, [requires a mapping
function whi¢h 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 productspace 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 associations.

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

Components: A list of fields, each of which associates a field-identifier with a single field datatype, designated by the field-type,
which may be any datatype. Al 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, all finite col-
lectionp of associations.represented by values from the cross-product of the value spaces of all the field latatypes in the

field-likt.

Value-syntax:
table-yalue =" empty-value | "(" table-entry { "," table-entry } ")" .
table-gntry” = 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 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(x, y: fable(field-list)): boolean = Bag.Equal(MaptoBag(x), MaptoBag(y));

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

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

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

Fetch(x: taljle(field-list)): record(field-list), where Not(IsSEmpty(x)), = Sequence.Head(Serialize(x));
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 be a variable length list of field-specifiers.

2. This definitign 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 operatioj Select, rather
than an extention {o the Table datatype concept.

3.  Ingeneral, agcess to a Table is indirect, via Fetch or MaptoBag. Access to a Table is sometimes said to be "keyed" becauge the common
utilization of this dlata structure represents "relationships~in which some field or fields are designated "keys" on which the valpies of all other
fields are said to be "dependent", thus creating a mapping between the product space of the key value spaces and the value spades of the other
fields. (In databask terminology, such a relationship'is said to be of the "third normal form".) The specification of this mapping{ when present,
is a complex part ¢f the SQL language standard and goes beyond the scope of this International Standard.

8.5 Defined Datatypes

A defined datatype is a datdtype defined by a rype-declaration (see 9.1). It is denoted syntactically by a type-reference, with
the following syptax:
type-refergnge = type-identifier [ "(" actual-type-parameter-list *)" ] .
type-identifier’ = _identifier
actual-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-type.

9 Declarations

This International Standard specifies an indefinite number of generated datatypes, implicitly, as,recursive ppplications of the
datatype ge¢nerators to the primitive datatypes. This clause defines declaration mechanisms by which new datatypes and gener-
ators can b derived from the datatypes and generators of Clause 8, named and constrained. It also specifies 4 declaration mech-
anism for naming values and a mechanism for declaring alternative terminations of procedure datatypes (see|8.3.3).

declgration = type-declaration | value-declaration | procedure-declaration’| termination-dgclaration .

NOTE — This clause provides the mechanisms by which the facilities of this International Standard can be extended t¢ meet the needs of a
particular application. These mechanisms are intended to facilitate mappings by allowing for definition of datatypes and‘lsubtypes appropriate
to a particulpr language, and to facilitate definition of application services by allowing the definition of more abstract dafatypes.

9.1 Type Declarations

A type-dedlaration defines a new type-identifier to refer to a datatype or a datatype generator. A datatype fleclaration may be
used to acqomplish any of the following:

* to rgname an existing datatype or name an existing.datatype which has a complex syntax, or
« as the syntactic component of the definition of;asnew datatype, or

* as the syntactic component of the definition'of a new datatype generator.

Syntax:
type-feclaration = "type" type-identifier [ "(" formal-type-parameter-list ")" ]

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

type-jdentifier = identifier.\

formal-type-parameter-list = formal-type-parameter { "," formal-type-parameter } .

formal-type-parameter’= formal-parameter-name ":" formal-parameter-type .

formal-parameter-name = identifier .

formal-parameter-type = type-specifier | "type" .

type-fefinition = type-specifier .

formal-parametric-value = formal-parameter-name .

formal-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 datatype parameters for the corresponding formal datatype parameters.

9.1.2 New data

A type-declaratidn which contains the keyword "new" and does not contain the formal-parameter-type "type”is fsaid to be a
datatype declaration. It defines the value-space of a new LI datatype, which is distinct from any other LI datatypq. If the for-
mal-type-parameler-list is not present, then the type-identifier is declared to identify a single LI datatype: - If the formal-type-
parameter-list is present, then the type-identifier is declared to identify a family of datatypes parametrized by the formal-type-
parameters.

The type-definition defines the value space of the new datatype (family) — there is a one-to-one.correspondence beteen values
of the new datatype and values of the datatype described by the type-definition. The characterizing operations, anjd any other
property of the ngw datatype which cannot be deduced from the value space, shall be provided along with the type{declaration
to complete the d¢finition of the new datatype (family). The characterizing operations-fhay be taken from those of the datatype
(family) describedl by the type-definition directly, or defined by some algorithmic means using those operations.

NOTE — The purpgse of the "new" declaration is to allow both syntactic and semantic-diStinction between datatypes with identicpl value spac-
es. Itis not requireq that the characterizing operations on the new datatype be different'from those of the type-definition. A semanfic distinction
based on applicatiop concerns too complex to appear in the basic characterizing.operations is possible. For example, acceleratior] and velocity
may have identical fomputational value spaces and operations (datatype "real")"but quite different physical ones.

9.1.3 New ggenerator declarations

A type-declaratign which contains the keyword "new" and at least one formal-type-parameter whose formal-parameter-type is
“type" is said to bee a generator declaration. A generator'declaration declares the type-identifier to be a new datatype generator
parametrized by the formal-type-parameters and the associated value space construction algorithm to be that spedified by the
type-definition. The characterizing operations, and other properties of the datatypes resulting from the generator which cannot
be deduced from [the value space, shall be provided along with the generator declaration to complete the definition of the new
datatype generatar.

parameters whose formal-parameter-type is "type" are said to be parametric datatypes. A generator declara-
tion shall be accdmpanied by a statement of the constraints on the parametric datatypes and on the values of the ofher formal-

value-declaration
value-identifier = identifier .

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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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 .

parameter-name = identifier .
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than once, nor shall it be the same as any type-identifier.

tion-declaration is a purely syntactic object. All semantics are derived from the use of the terming
1-reference in a procedure or procedure datatype (see 8.3.3).

led Datatypes and Generators

pecifies the declarations for commonly occurring datatypes and generators which can be derived f
rs defined in Clause 8 using the declaration mechanisms defined in Clause 9. They are included in
prder to standardize their designations and definitions for interchange purposes.

pecifies the declarations for a collection of commonly,occurring datatypes which are treated as p
hmon programming languages, but can be derived from the datatypes and generators defined in C
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this International
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when the defined datatype is a family of datatypes, identification of and constraints op the parametric

Values formal definition of the value space.

Value-§yntax: when-there is a special notation for values of this datatype, the requisite syntactic progluctions, and
identification of the values denoted thereby.

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

Operatjons: characterizing operations for the datatype.

The notation for values of a defined datatype may be of two kinds:

1)

and has

2)

the interpretation given in this clause.

by the type-definition is a valid notation for values of the defined datatype.

10.1.1

Description:

Declaration:

Natural number

Naturalnumber is the datatype of the cardinal or natural numbers.

If the datatype is declared to have a specific value syntax, then that value syntax is a valid notation for values of the datatype,

If the datatype is not declared to have a specific value syntax, then the syntax for explicit-values of the datatype identified
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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 modulus characteristic.

Declaration:
type modylo (modulus: integer) = new integer range(0..modulus) excluding(modulus);

Parametric Valdes: modulus is an integer value, such that 1 < modulus, designated the modulus of the Modulo datatype.
Values: all Integer values v such that 0 < v and v < modulus.
Properties: ordgred, exact, numeric.

Operations: Eq]lal, InOrder from Integer; Add, Multiply, Negate.

Add(x,y: modulo (modulus)): modulo(modulus) =
integer.Remainder(integer.Add(x,y), modulus).

Negate(x: modulo (modulus)): modulo (modulus) is the (unique) value y in the‘value space of modulo(moduls) such that
Add(, y) =0.

Multiply(x}]y: modulo (modulus)): modulo(modulus) =
integer.Remainder(integer. Multiply(x,y), modulus).

10.1.3 Bit

Description: Bilt is the datatype representing the finite field of*two symbols designated "0", the additive identity, and "1", the
multiplicatjve identity.

Declaration:
type bit = modulo(2);
Parametric Valyges: none.

Values: 0, 1
Properties: ord

Operations: (E
10.1.4 Bits

Description: B

Declaration:
type bitst

bred, exact, numeric, bounded.

ual, InOrder, Add, Multiply) from Modulo.
ring
string-is-the datatype of variable-length strings of binary digits.

ealenca-of (hit)-

CTHaTToCToOT(IoTt);y

Parametric Values: none.

Values: Each value of datatype bitstring is a finite sequence of values of datatype bit. The value-space comprises all such values.

Value-syntax:

bitstring-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

Description: Characterstring is a family of datatypes which represent strings of symbols from standard character-sets.

Declaratioh:
type tharacterstring (repertoire: objectidentifier) = new sequence of (character (repertoire));

Parametriq Values: repertoire is a "repertoire-identifier" (see 8.1.4).

Values: Epch value of a characterstring datatype is a finite sequence of members of the character-set identified by repertoire.
The value-space comprises the collection of all such values.

Value synfax:

string-literal = quote { string-character } quote .
-character = non-quote-character | added-character | escape-¢character .
uote-character = letter | digit | underscore | special | apostrophe | space .
-character = not defined by this International Standard .
escape-character = escape character-name escape .
character-name = identifier { "" identifier } .
Each string-character in the string-literal denotes a singlé. member of the character-set identified by repgrtoire, as provided
in 8.1}4. The string-literal denotes that value of the characterstring datatype in which the first value in the sequence is that

denoted by the leftmost string-character, the secondvalue in the sequence is that denoted by the next string-character, etc.
If thefe are no string-characters in the string-literal, then the value denoted is the sequence of length zero.

Properties] unordered, exact, non-numeric, denumerable.

Operationg: (Head, Tail, Append, Equal, EmptyyIsEmpty) from Sequence (8.4.4).
NOTES
1. Therelis no general international standard for collating sequences, although certain international character-set stanlards require specific
collating sefuences. Applications which need the order relationship on characterstring, and which share a character-set|for which there is no
standard collating sequence, need\to)create a defined datatype or a repertoire-identifier which refers to the character-set|and the agreed-upon
collating sefuence.

2. Charafterstring is defined to be a Sequence, rather than an Array, to permit values to be of different lengths.

3. The dpscriptienand properties of the characterstring(r) datatype are identical to those of sequence of (character(r)). Characterstring
datatypes ate said to be "new" in order to facilitate mappings. Entities may need to attach special properties to character|string datatypes.

4. Many guages-distnguish as separate-datatypes-objectsrepresented-by character strnges h-speeifie-synta tquirements. For ex-
ample, LISP has dynamic evaluation of "s-expressions”; Prolog has a similar construct; COBOL represents currency as a "numeric edited
string"; and several languages have an "identifier" datatype whose values are treated as user-defined objects to which properties will be at-
tached. In a multi-language environment, such objects can probably be manipulated only as datatype characterstring, except in the language in
which the special properties were intended to be interpreted. Thus, such datatypes should be declared as LI datatypes "derived from character-
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);

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).

49


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

ISO/IEC 11404:1996 (E) © ISO/IEC

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.

-factor)

Values: all values which are integral multiples of one radix’ unit of the specified timeunit.

Properties: ordergd; exact; Tiumeric; unboumnded:

Operations: (Equgl, 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 — timginterval(second, 10, 3) is the datatype of elapsed time in milliseconds.

10.1.7 Octet

Description: Octgt is the datatype of 8-bit codes, as used for character-sets and privaté.encodings.

Declaration:
type octet 5 new integer range (0..255);

Parametric Value$: none.
Values: Each valpe of datatype Octet is a code, represented by a non-negative integer value in the range [0, 255].
Properties: order¢d, bounded, exact, non-numeric, finite.

Operations: (Equpl, InOrder) from Integer.
NOTES
1. Octet is a common datatype in communications pretocols.

2. Itis common fo define "characterizing operations' that convert an octet value to a bitstring value or an array of bit value, But there 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 $tring

Description: Octetstring is the datatype of variable-length encodings using 8-bit codes.

Declaration:
type octets{ring =<sequence of (octet);

Parametric Values: ‘none.

Values: Each value of the octetstring datatype is a finite sequence of codes represented by octet values. The value-space 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.  There is no denotation for a value of a Private datatype.

2. 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 patties' which understand the

type through a standard-conforming service without the service having to interpret the internal structureyor

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

th¢ knowledgeable service, for example, as part of a package interface.

In either case| the length and ordering of the bits must be properly maintained by all intermediaries. In the former case, the Private datatype

may be encoded by the provider (or his marshalling agent) and decoded by the recipient (or his marshalling agent). In the l;Eer case the Private
datatype will pe encoded and decoded only by the knowledgeable agent, and all others, including’end-users, will handle itjas a bit-array.

10.1.10 Object identifier

Description] Objectidentifier is the datatype of "object identifiers", i.e. values‘which uniquely identify objectq in a (Open Sys-
tems Interconnection) communications protocol, using the formal structure defined by Abstract Syntax Notation One
(ISO/IKEC 8824:1990).

Declaration
type objectidentifier = new sequence of (objectidentifiercomponent) size(1..*);
type objectidentifiercomponent = new integer range(0..);

Parametric Yalues: none.

Values: Th¢ value space of datatype objectidentifiercomponent is isomorphic to the cardinal numbers (10.1.1){ but the meaning
of each value is determined by its position in-an objectidentifier value.

The value-space of datatype objectidentifier comprises all non-empty finite sequences of objectidentifiercdmponent values.

The mganing of each objectidentifiercomponent value within the objectidentifier value is determined by the sequence of val-

ues preceding it, as provided by ISOEC 8824:1990. The sequence constituting a single value of datatypp objectidentifier

uniquely identifies an object.
Value syntak:

objectidentifier-value,_ =-ASN-object-identifier | collection-identifier .

ASN-gbject-identifier*= “{* objectidentifiercomponent-list “}” .

objectidentifieréomponent-list = objectidentifiercomponent-value { objectidentifiercomponent-yalue } .

objectidentifiercomponent-value = nameform | numberform | nameandnumberform .

namefpriy = identifier .

numberform—rnumber—

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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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:
{ iso(1) standard(0) 10036 registry-index }.

Properties: unordered, exact, non-numeric.

Operations on opjectidentifiercomponent: Equal from Integer;
Operations on opjectidentifier: Append from Sequence; Equal, Length, Detach, Last.
Length(x: ¢bjectidentifier): integer is the number of objectidentifiercomponent values in the sequence x;

Detach(x: gbjectidentifier): objectidentifier, where Length(x) > 1, is the objectidentifier formed'by removing [the last
objectjdentifiercomponent value from the sequence x;

Last(x: objéctidentifier): objectidentifiercomponent is the objectidentifiercomponent valu€ which is the last element of the
sequerjce X;

Equal(x,y: pbjectidentifier): boolean =
if Not{Length(x) = Length(y)) then false,
else if|Not(objectidentifiercomponent.Equal(Last(x), Last(y))) then false,
else if|[Length(x) = 1 then true,
else Efjual(Detach(x), Detach(y));

NOTES

1.  IsEmpty, Hdad and Tail from Sequence are not meaningful on datatype objectidentifier. Therefore, Length and Equal arg defined here,
although they coulld be derived by using the Sequence operations.

2. Objectldentifier is treated as a primitive type by many applications, but the mechanism of definition of its value space, and the use of that

mechanism by sdme applications, such as Directory Seryices for OSI, requires the values to be lists of an accessible elgment datatype
(objectidentifiercgmponent).

10.2 Defined generators

This clause spedifies the declarationgfor a collection of commonly occurring datatype generators which can be derjved from the
datatypes and gg¢nerators appearing in"Clause 8.

The template for definition of such a datatype generator is:

Description: prose description of the datatype generator.

Declaration: a type-declaration for the datatype generator.

Components: 5 i T T > generation
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.
Properties: non-numeric, unordered, exact if and only if the element datatype is exact.

Aggregatep pesition).

Operationy: (IsEmpty, Equal, Empty) from Sequence; Top, Pop, Push.
Top(¥: stack (element)): element = sequence.Head(x).
Pop(X: stack (element)): stack (element) = sequence.Tail(x).

Push(x: stack (element), y: element): stack (element) is the sequence formed by adding the single value y to the beginning
of the sequence x.

10.2.2 Tree

Descriptiop: Tree is a generator which generates recursive list structures.

Declaratiop:
type ree (leaf: type) = new sequence of (choice( state(atom; list) ) of (

(atom): eaf,

(list): tree(lea)));

Componerjts: leaf shall be any datatype.

Values: all finite recursive sequences in which every value-s either a value of the leaf datatype, or a (sub-)treqitself. Ultimately,
every| "terminal" value is of the leaf datatype.

Properties] unordered, non-numeric, exact if and ‘only if the leaf type is exact, denumerable.
Aggregate|properties: homogeneous, variable-size, no uniqueness, imposed ordering, access indirect (by pogition).

Operations: (IsEmpty, Equal, Empty, Head, Tail) from Sequence; Join.

To facilitafe definition of the operations, the datatype tree_member is introduced, with the declaration:
type free_member(/eaf,type) = choice( state(atom, list) ) of ((atom): leaf, (list): tree(leaf));

tree_member(leaf) is then the élement datatype of the sequence datatype underlying the tree datatype.

Join(x: tree(leaf) .y tree_member(leaf)): tree(leaf) is the sequence whose Head (first member) is the valug y, and whose Tail
s all members of the sequence x.

NOTE — Tree is an aggregate datatype which is formally an aggregate (sequence) of tree_members. Conceptually] tree is an aggregate
datatype whosevalues are aggregates of leaf values. In either case, it is proper to consider Tree a homogeneous aggregéfe.

10.2.3 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.
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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 ((true): base, (false): void);

Components: bdse shall designate any datatype.

Values: all valugs v of the base datatype plus the "nil value" of void. This type is isomorphic to the set of pairs:
{ (true, v) I v in base } union { (false, nil) },
which is thg modelled value space of the choice-type.

Properties: all pfoperties of the base datatype, except for the value "nii".
Operations: IsPresent (= Discriminant from Choice); all operations on the base datatype, modified-as indicated below.

IsPresent(x ] optional(base)): boolean = Discriminant(x);

All unary operatjons 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(Cast:base(x)), else undefined.

All binary operations of the form: Binary-op(x, y: base): result-type are defined on optional(base) by:

Binary-op(x, y: optional(base)): result-type is:
if And(IsPresent(x), IsPresent(y)), then Binary-op(Cast.base(x), Cast.base(y)),
else urldefined.

Other operationg are defined similarly.

NOTE — An optipnal datatype is the proper type of an object, such as a parameter to a procedure or a field of a record, which in §ome instances
may have no valug.

EXAMPLES

1. A record-type containing optional (sometimes-hot present or "undefined") values can be declared:
record (

required_name: characterstring,

optional_value: gptional(integer));

2. A procedure[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 parameter ingex,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.

NOTES
1. ipylate specific object-

types, which have specrﬁc datatypes expressed ina specrﬁc language or languages The datatypes of a program module orservice specification
can thereforg e language in which

2. The companion notion of conversion of values from an internal representation to a neutral representation associated jwith LI datatypes is
not a part of fhis International Standard, but may be a part of standards which refer to this International Standard.

11.1 Outward Mappings

An outward mapping for a primitive internal datatype shall identify the syntacticand-semantic constructs and relationships in the
language which together uniquely represent that internal datatype and associate-the internal datatype with alcorresponding 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 languagp which together uniquely represent that internal datatype'generator and associate the internal datatype generator with
a corresponding LI datatype generator expressed in the formal ]language defined in this International Standard.

The collection of outward mappings for the datatypes and datatype generators of a language shall be said to con$titute the outrward
mapping of{the language and shall have the following properties:

-

)

d each primitive or generated internal datatype, the mapping shall associate a single corresponding|LI datatype; and

ii) fqr each internal datatype, the mapping shall specify the relationship between each allowed valne of the internal
ptatype and the equivalent value(of the corresponding LI datatype; and

o

iif) fqr each value of each LI datatype appearing in the mapping, the mapping shall specify whether any value of any in-
arnal datatype is mapped.onto it, and if so, which values of the internal datatypes are mapped onto jit.

=

NOTES

1. There if no requirement for a primitive internal datatype to be mapped to a primitive LI datatype. This International|Standard provides a
variety of copceptual niechanisms for creating generated LI datatypes from primitive or previously-created datatypes, which are, inter alia, in-

ric datatypes will be
c datatypes. In this

way, property (i) above may be satlsﬁed for mtemal 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 mapping shall specify limitations on the parametric datatypes of any LI datatype generator which
exclude corresponding classes of generated datatypes from the mapping. The same LI datatype generator with different paramet-
ric datatypes may be mapped onto dissimilar internal datatype generators.

11 UiC 1dil

ing for a LI datatype shall associate the LI datatype with an internal datatype on which it is possible(to implement

terizing operations specified for that LI datatype.

An inward mapy
all of the charac

e LI datatypes and datatype generators onto the internal datatypes and d4
e the inward mapping of the language and shall have théfellowing pri

(44 € 41l Siall L UIIGALDTIU

The collection g tatype gener-

perties:

ators of a languj

i) for eafh LI datatype (pnmmve I generate ) the mapping shall specify whether the LI datatype is supported by the
lanigudge (as specified in 11.4), and if so, ide +1fv o qincle corresnondine internal/datatuna: an
1alguqgc (ad Spolilicu ifi 11 1), aiil 11 dU, iac 1_y a duigiv CULITSPUIIULILE 1iviiial ataty pu, ai |
if) for eath LI datatype which is supported, the mapping shall specify the relationship between each allowefd value of the
LI datatype and the equivalent value of the corresponding internal datatype;-and
iif) for eath value of an internal datatype, the mapping shall specify whether that value is the image (under|the mapping)
of any value of any LI datatype, and if so, which values of which(LI'datatypes are mapped onto it.
NOTES
1. A LI generjited datatype which is not specifically mapped by a primitive datatype mapping, and whose parametric datatypes are admis-
sible under the cilstraints on the datatype generator mapping, will be implicitly mapped onto an internal datatype constructed by application
of the mapped internal datatype generator to the mapped internal patametric datatypes.
2. When a LI datatype, primitive or generated, is mapped ont6 a language datatype, whether explicitly or implicitly by mapping the gener-

ators, the associ
characterizing op
erator or built-in
datatype. Either i
ated internal datal

resentations or info programming languages:

3. The concep
ciation of interna
and those values

4.  Aninward

LI datatypes can |be properly used by programs written in that language, with language-specific, but not application-specific
providing converions of information units.

a}ed internal datatype should support the semantics of the LI datatype. The proof of this support is the ability

rations on the internal datatype. It is nothecessary for the language to support the characterizing operations
unction or anything the like), but.it is necessary for the characterizing operations to be conceptually supporteq
should be possible to write procedures in the language which perform the characterizing operations on objec
ype, or the language standard should require this support in the further mappings of its internal datatypes, w.

ual mapping onto irternal datatypes may not be either 1-to-1 or onto. A mapping must document the anoma|
datatypes with LI datatypes, specifically those values which are distinct in the LI datatype, but not distinct i
bf the internal-datatype which are not accessible through interfaces using LI datatypes.

apping te'a-programming language may be used to ensure that an interface between two program units speci

to perform the
lirectly (by op-
by the internal
s of the associ-
hether into rep-

ies in the asso-
n the language,

ffied in terms of

software tools

11.3 Reverse 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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ii) if ais a value of a LI datatype and the inward mapping maps a to a value a’ of some internal datatype, then the reverse
inward mapping maps a’ to a; and

iii) 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.  When an interface between two program units is specified in terms of LI datatypes, it is possible for the interface to be utilized by program
units written in different languages and supported by a service which is ignorant of the languages involved. The inward mapping for each lan-
guage is used by the programmer for that program unit to select approprlate 1ntemal datatypes and values to represent the information which is
used in the iferta ; ap the internal values
to the intenfled values of the LI datatypes and received by the other program unit, usmg the mward mappmg to map ne LI datatype values
passed into puitable internal values. The actual transmission of the information may involve three software tools: one'te pgrform the conversion
between thd sender form and the interchange form, automating the reverse inward mapping, one to transmit the'intérchapge form based on LI
datatypes, gnd one to perform the conversion between the interchange form and the receiving internal form, \automating|the inward mapping.
None of thgse intermediate tools depends on the particular interface being used. Thus, it is possible to implément an arbjitrary interface using
LI datatypep, in any programming language which supports those datatypes without interface-specific tools.

2.  The rgverse inward mapping for a language does not have useful formal properties. The same internal value can pe mapped to several
different vajues, as long as the different values belong to different LI datatypes. It is the per-ddtatype reverse inward mapping which is useful.

11.4 Support of Datatypes

An informfation processing entity is said to support a LI datatype if its niapping of that datatype into some infernal datatype (see
11.2) pres¢rves the properties of that datatype (see 6.3) as defined in this 'subclause.

NOTE — Hor aggregate datatypes, preservation of the "aggregate properties” defined in 6.8 is not required.
11.4.1 Bupport of equality

For a mapping to preserve the equality property, any two'instances a, b of values of the internal datatype shall be considered equal
if and only if the corresponding values a’, b’ of the IV datatype are equal.

11.4.2 $upport of order

For a mapping to preserve the order property, the order relationship defined on the internal datatype shall be|consistent with the
order relatjonship defined on the LI datatype. That is, for any two instances a, b of values of the internal datdtype, a < b shall be
true if and|only if, for the corresponding values a’, b’ of the LI datatype, a’ <b’.

11.4.3 $upport of bounds

For a mapping to presérve the bounds, the internal datatype shall be bounded above if and only if the LI datatype is bounded
above, and the interhal datatype shall be bounded below if and only if the LI datatype is bounded below.

NOTE — I{ follows that the values of the bounds must correspond.
11.4.4 Supportofcardimatity

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 outward mapping to preserve the approximate property, every value which is distinguishable in the internal datatype must
be distinguishable[inthe LI datatype.

11.4.6 Support for the numeric property

There are no requirements for support of the numeric property. Support for the numeric property is a requirement on represen-
tations of the valugs 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 standards define character-sets, in the sense of repertoires of characters. Most of them also define “character codes” —
integer values used to represent the character values for certain computational purposes. Whether “character(repertoire)” is in-
terpreted as frequiring the characters to be represented by the codes defined by the repertoire 1s outside of the sfope of this Inter-
national Stapdard.

None of thefe standards defines a collating sequence or order relationship on the character-sets. The definitiof of such an order
relationship|requires additional standards or application agreements. Order relationships commonly supported by programming
languages ate based on the integer ordering of the code values used in a particular implementation of the langage. Such order-
ings have n¢ semantics with respect to the character-set itself and are outside the scope of this International Standard.

ISO/IEC 64p:1991 Information technology — ISO 7-bit coded character set for information interchange

ISO 2047:1975 Information processing — Graphical representationsfor-the control characters df the 7-bit coded
character set
1SO 9036:1987 Information processing — Arabic 7-bit coded chdracter set for information interchange

ISO/TEC 20PR2:1994 Information technology — Character code structure and extension techniques
ISO/IEC 69B7:1994 Information technology — Coded graphic character set for text communication — Lqtin alphabet

ISO/IEC 48[73:1991 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 processing — 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 {nformation processing — 8-bit single byte coded graphic character sets —
Part 4: Latin alphabet No. 4

ISO/EC 88p9<5:1988  Information processing — 8-bit single byte coded graphic character sets —
Part 5: Latin/Cyrillic nlphnhpr

ISO 8859-6:1987 Information processing — 8-bit single byte coded graphic character sets —
Part 6: Latin/Arabic alphabet

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 Information technology — 8-bit single byte coded graphic character sets —

ISO/IEC 10367:

ISO/TEC 10646-1:1993

1991

ISO/TEC 6429:1992

ISO 6630: 1986
ISO/IEC 10538:
ISO 5426:1983
ISO 5427:1984
ISO 5428:1984

ISO 6438:1983

ISO 6861: —!
ISO 6862: —!
ISO 8957: —!
ISO 10585: —!
ISO 10586: —!
ISO 10754: —!

ISO/IEC 9541-1
ISO/IEC 9541-2

ISO/IEC 9541-3

ISO/IEC 9541-4:

1991

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

Information technology — Control functions for text communication

11991

11991

11994

Extension of the Latin alphabet coded character set for bibliographic information interchpnge

Extension of the Cyrillic alphabet coded character set for bibliographic informatioi-interchange

Greek alphabet coded character set for bibliographic information interchange

Documentation — African coded character set for bibliographic information interchange

Information and documentation — Cyrillic alphabet coded character sets for histdric Slavonic
languages and European non-Slavonic languages written (nya Cyrillic script, for bibliographic

information interchange

Information and documentation — Mathematical coded’character set for bibliographig

interchange

Information and documentation — Hebrew alphabet coded character sets for bibliographi
interchange

Information and documentation —*Armenian alphabet coded character set for
information interchange

Information and documentation — Georgian alphabet coded character set for
information interchange

Information and documentation — Extension of the Cyrillic alphabet coded character set f
languages for bibliographic information interchange

Information technology — Font information interchange — Part 1: Architecture

Information technology — Font information interchange — Part 2: Interchange Format

information

c information

bibliographic

bibliographic

br non-Slavic

Information technology — Font information interchange — Part 3: Glyph Shape Representation

Information technology — Font information interchange — Part 4: Application-specific 1

equirements

ISO 6093:1985

ISO/TEC 8824:1990

Information processing — Representation of numeric values in character strings for information

interchange
(defines character sets and syntax for numeric strings)

Information technology — Open Systems Interconnection — Abstract Syntax Notation On

e (ASN.1)

(defines interchange character sets both directly and by reference to sets registered under ISO 2375)

1. To be published

60


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

© ISO/IEC ISO/IEC 11404:1996 (E)

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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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 for the placement of annotations, however, makes it easier for the reader to deter-
mine the object to which an annotation is intended to apply and the context in which it is intended to apply. This annex contains
guidelines for placement of annotations in the syntax and corresponding distinctions in the scope of applicatiop of the annota-
tions, as required by clause 7.4.

to the extent thaf they involve such annotations. Use of additional or substitute conventions by other standards and|implementa-

Use of the recor]:mended placement conventions improves the compatibility of usages and implementations of the LI datatypes,
tions is consistent with this International Standard.

B.i Typeratiributes

A type-attribute is an annotation attached to a type-specifier, and in particular to the-type-specifier of a type-defipition, which
characterizes sofne aspect of the values or variables of the datatype specified, or the'operations on those values off variables, in
some particular rontext. Type-attributes may include, among others:

* limitations on, or identification of parameters describing, the value-space of the datatype as implemented, of as used in a

PR S aets DY +
pairucuiay CUHCAL,

« constraings on, or specifications for, representation of the values'of the datatype,
« constrainjts on, or specifications for, the operations which may be performed on values of the datatype,

« identificdtion of procedures or parameters to be used for‘conversion of values of the datatype for a particulaf interchange
or externpl medium.

Type-attributes $hould immediately follow the type-specifier for the datatype to which they are intended to apply. |In particular,

an annotation which applies to the element-type of an-aggregate-type should appear inside the parentheses, while n annotation
which applies tq the aggregate-type should appear outside the parentheses.

B.2 Component-attributes

A component-gttribute is an anfotation attached to a component of a generated-type which characterizes some] aspect of the
operations on, of representations-of, values in that component of the particular generated datatype (i.e. values usefl in that role,
as distinct from general limiations on values of the datatype of the component) in some particular context. Compornent-attributes
may include, anjong othefs:

« any of the attribute notions given in B.1, but restricted to the component,

« specification 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:

* any of the attribute notions given in B.1, but restricted to the use of the datatype in this argument,

¢ sperification ol the means oI passing the argument.

Argumenti{attributes should immediately precede the argument or return-argument which they are intehded tg describe (in a pro-
cedure-typle, a procedure-declaration, or a termination-declaration).
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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.

The values of the datatypes deﬁned by thls Internatlona] Standard are abstract objects conformmg to a set of glven rules. Each

computer system-ha ;
symbols (most ¢ mmonly, the two symbols "0" and "), and whose charactenzmg operatlons are the mstructlons
computer systen]. A representation of a LI datatype is a mapping from the value space of the LI datatype to-a-con
value space.

In addition to vdlues of datatypes, a computer system has the notion of variable — an object to whicha'value of s
or datatypes is dynamically associated. (In a certain sense, a variable is an implementation of a‘value of a poi
(8.3.2).) The characterizing operations defined by this International Standard are abstract computational notions of
n]mnhle to the values of damtvnpe used to Idf‘nflf\l the semantics of the damt\mpe, In a computer system the oner:

JLe2e10) Lag RO R B 4 Lo A0S O Lalal)ypes, Bwotio 10 eIkl O SLINaANnILy VL U 2alal a CLIPUE] SO, 0 VPRI

resentatlons of those values and vanables contalnmg those representations are actually executed.
The characteristics of representations, variables, and the execution of operations are:b€yond the scope of this Interr

es, and because these characteristics are important to many applications of this Intérnational Standard, this Internati

distinguished
built into the
puter system

bme datatype
hter datatype
functions ap-
tions on r rep-

ational Stan-

nal Standard

dard. NonetheletEls, because these characteristics are inextricably mixed with the datatype notions in many programnjing languag-

provides for thei
fin a dagorinth
u«uu ID Cl \J\.«D\dl lyl

some aspect of th
in some particul

inclusion in type-specifiers and in datatype- and procedure-declarations via annotations (see 7.4)

ra infarmation nnit attanhad ta o datatunae ar a comnandnt AF o Aatotuna A o meanadiiens foaliaa) ¢
Ve 1INIoIrmation unit attaCnca o a uataty pe, Ul a CULLIPULIVEIL Ul a Uataty po, U1 a ploLCUuuic {valuc ), 4
e representations, variables, or operations associated with values of the datatype, or the component
ir context.

This annex identjifies notions for which such annotations may be appropriate and even necessary for certain langua
This Internationgl Standard does not specify the syntax or sefnantics of any specific annotations to describe implen
tions. The develppment of standards for such annotations-thay be appropriate, but is outside the scope of this Interr
dard.

C.1 StorageSize

StorageSize is a
datatype. It mayj
varies according

type-attribute specifying.the number (and type) of storage units required or allotted to represent
also specify whether the number of storage units is constant over all values of (this instance of) th
to the requiremerits of the particular value to be represented.

StorageSize may apply to any datatype, except procedure datatypes.

NOTE — If there
datatype, which m|

is a limitation on the maximum size of representable values, it implies that there is a limitation on the valul

An annota-
characterize
br procedure,

be mappings.
hentation no-
ational Stan-

values of the
e datatype, or

e space of this

ry be\better documented by appropriate subtype specifications (see 8.2).

C.2 Mode

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 representatlon and placement conventions. Such notions as
plement binary”,

“two’s com-

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.

64


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

© ISO/EC iISOAE

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-
ware interfaces — Language-independent arithmetic — Part 1: Integer and real arithmetic, a floating-point representation of the

value v has the form:
v=S +M ¢ RE

where
R is the radix of the representation;
E is the exponent;, and

Cigtha cion 1a eitharQ =1 Aar
O 1S il Sign, 1.C. Clulll S = 1 Of

M is the mantissa, either zero o

..-A

Q
rava lue of the datatype scaled(radix, precision) range(radix * - precisign, 1) excluding(1).

This repregentation can be characterized by five parameters:
radix|and precision, from above;
emin pnd emax, with the requirement: emin < E < emax; and

PASRUSIURY 17 % DR L IS, [P -l a5
norrrt = 141>dMC lllllJlle u = N anda aenorm = uauc

PP N A
RO, Wllll I.llC quullClllClll llldt a

[TPSRN | L=
x

A LR -precision
npiies d = R~ .

Floating-ppint applies only to numeric datatypes, principally Real and Complex.

C.4 Hixed-Point

Fixed-poirlt is a type-attribute which specifies that a numeric datatype has a fixéd-point representation and the characteristics of
that represgntation.

A fixed-pdint r

=S|x x RY
where
R is the radix of the representation;
S is the sign, i.e. either S=1o0rS =-1;
M is the mantissa, a value of the datatype Integer;
P is the precision.

This repregentation can be characterized by the ‘radix and precision parameters.

Fixed-point applies only to numeric datatypes, principally Scaled.

C.5 Tag

Tag is a type-attribute which specifies whether and how the tag-value of a value of a value of a choice datatype is represented.

Tag appliep only to choiee datatypes or their generators.

C.6 Discriminant

Discriminant 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-unit boundaries. It implies that "padding"” to achieve the necessary alignment may be inserted in the repre-
sentation of the 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
implementation tq specify that a primitive LI datatype has a visible information structure, or that a particular genera ed datatype
has a primitive injplementation.

Form may apply fo any datatype.
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Annex D
(informative)

Syntax for the Common Interface Definition Notation

1404:1996 (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 datatype specification is a type-specifier. In addition, a mapping, as provided in Clause 11, may contain declarations.

Character-s

digit = "0
letter = "4
N

special =
apostrophg
escape =
quote =
space =

underscorg¢ =

added-cha
bound-cha
non-quote-

NOTE — C

garies of avaflable character-sets.

Productions|

actual-type
actual-type
aggregate-
alternative
alternative
alternative
alternative
annotation
annotation

bt productions: Norn

I "1 11 I ||2“ I “3" | “4" I “5" I ||6|| I "7“ ' “8" I Ilgll X
" I llbll I IICII I Ildll I Ilell I |lf|| I ug“ I “h" I “i“ | llj" I "kll I III“ | Ilmll '
" | IIOII I ||p|| | |Iq|| | ||r|| I |Is|| I ||t" I llull I “v" l “W“ I "X" I “y“ | "Z“ .
|(I| | “)II | ||.|| | ||’“ l ||:|| I ";“ | ||=|| I “/“ | Nkl | “_" | "{" I ll}" I II[" I I|]Il .
" ! n
acter = not defined by this International Standard .

racter = non-quote-character | quote .
character = letter | digit | underscore | spegial* | apostrophe | space .

naracter-set productions are always subject to minor €hanges from implementation to implementation, in ord|

of the IDN used in this International Standard: Norn]

-parameter = value-expression | type-specifier .

-parameter-list = actual-type-parameter { "," actual-type-parameter } .

type = record-type | set-type | sequence-type | bag-type | array-type | table-type
= tag-value-list [ field-identifier ] ":" alternative-type .

list = alternative {"," alternative } [ default-alternative ] .

type = type-specifier .

value = _ihdependent-value .

= "["_anhnotation-label ":" annotation-text "]" .

label = objectidentifiercomponent-list .

annotation

ative text page(s)

13

13

13

13

13

13

13

13

13, 20, 49
13, 20
13, 20, 49

er to handle the va-

ative text page(s)

44
44
36
31
31
31
32
14
15

text’ = not defined by this International Standard .

15

any-character = bound-character | added-character | escape-character .

array-type

= "array" "(" index-type-list ")" "of" "(" element-type ")" .

array-value = value-list .

ASN-objec

t-identifier = “{" objectidentifiercomponent-list “}" .

bag-type ="bag" "of" "(* element-type ")" .

bag-value

= empty-value | value-list .

base = type-specifier .
bit-literal = "0" | "1" .
bitstring-literal = quote { bit-literal } quote .

14,20
41
42
51
39
40
28, 29, 30
48
48
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boolean-literal = "true" | "false" .
boolean-type = "boolean" .

character-literal = "" any-character "

character-name = identifier { "" identifier } .

character-type = "character" [ "(" repertoire-list )" ] .

choice-type = "choice" "(" [ field-identifier ":" ] tag-type [ "=" discriminant ] ")"

"of" "(" alternative-list ")" .
choice-value = "(" tag-value ":" alternative-value ")" .
collection-identifier = registry-name registry-index .
complex-literal = "(* real-part "," imaginary-part ")" .
complex-type = "complex" [ “(" radix "," factor ")" ] .

© ISO/IEC

18

18

14,20
14, 20, 49
20

31
32
51
26
26

component-reference = field-identifier | "*"

declaration = [type-declaration | value-declaration | procedure-declaration
| termination-declaration .

default-alternative = "default" ":" alternative-type .

dependent-val

e = primary-dependency {

component-reference } .

digit-string = figit { digit } .
direction = "ip" | "out" | "inout" .
discriminant 5 value-expression .
element-type E type-specifier .
empty-value # "(* ")"
enumerated-liferal = identifier .

enumerated-tyjpe = "enumerated" “(* enumerated-value-list ")" -
enumerated-value-list = enumerated-literal { "," enumerated-literal } .
escape-charagter = escape character-name escape .
excluding-sub{ype = base "excluding" "(" select-list ")~

explicit-subty
explicit-value

= base "subtype" "(" subtype-definition”")" .
boolean-literal | state-literal | enumerated-literal | character-literal

| ordjnal-literal | time-literal | integer-literal | rational-literal

| scalled-literal | real-literal | complex:literal | void-literal

| extended-literal | pointer-literal (', procedure-reference | string-literal
| bitstring-literal | objectidentifier-value | choice-value | record-value

| setivalue | sequence-value I bag-value | array-value | table-value .

extended-liter:
extended-type

extended-valu

I = identifier .
= base "plus"("(““extended-value-list ")" .

-list = extended-value { "," extended-value } .

extended-valuF = extended:literal | formal-parametric-value .

factor = valu
field = field-ig
field-identifier

-expression .
entifier ":" field-type .
=\JIdentifier .

33,3

\*]

16

45
31
16
14
34
31
B, 39, 40, 41
39, 40

19

19

19

14, 20, 49
29

29

15
30
30
30
30
1, 23, 25, 26
37, 43

31, 37, 43

field-list = field { "," field } .

field-type = type-specifier .

field-value = field-identifier ":" independent-value .

field-value-list = "(" field-value { "," field-value } ")" .
formal-parameter-name = identifier .

formal-parameter-type = type-specifier | "type" .

formal-parametric-type = formal-parameter-name .

formal-parametric-value = formal-parameter-name .

formal-type-parameter = formal-parameter-name ":" formal-parameter-type .
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formal-type-parameter-list = formal-type-parameter { “," formal-type-parameter } .
generated-type = pointer-type | procedure-type | choice-type | aggregate-type .
identifier = letter { pseudo-letter } .

imaginary-part = real-literal .

independent-value = explicit-value | value-reference .

index-lowerbound = value-expression .

index-type = type-specifier | index-lowerbound ".." index-upperbound .
index-type-list = index-type { "," index-type } .

index-upperbound = value-expression .

integer-literal = signed-number .

integer-type = "integer" .

lowerbound = value-expression | "*" .

maximumtsize = value-expression | "*" .
minimum-size = value-expression .
nameandnumberform = identifier “(* numberform “)” .
nameform = identifier .

number 3 digit-string .

numberfofm = number .

objectidentifiercomponent-list =

gbjectidentifiercomponent-value { objectidentifiercomponent-value } .
objectidentifiercomponent-value = nameform | numberform | naméandnumberform .
objectidentifier-value = ASN-object-identifier | collection-identifier .
ordinal-literal = number .

ordinal-type = "ordinal" .

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

paramete[-declaration = direction parameter .

paramete[-list = parameter-declaration { "," parameter-declaration } .
parametef-name = identifier .

paramete[-type = type-specifier .

pointer-litgral = "null" .

pointer-type = "pointer" "to" "(* element-type ")" .

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

primitive-type = boolean-type «l.\state-type | enumerated-type | character-type
|| ordinal-type | time*type | integer-type | rational-type
|| scaled-type |, real-type | complex-type | void-type .

procedurg-declaration =" "procedure" procedure-identifier "(* [ parameter-list 1 ")"
[| "returng™y'(" return-parameter ")" ] [ "raises" "(" termination-list ")" ] .
procedurg-ideptifier = identifier .

procedurg-réference = procedure-identifier .

nou/un_r o r

TAN]

1

procedure-type—=—"procedure"—{—{parameter-tist " "returns* H—returm=parametet
[ “raises" "(" termination-list ")" ] .

pseudo-letter = letter | digit | underscore .

radix = value-expression .

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

rational-literal = signed-number [ /" number ] .

rational-type = "rational" .

real-literal = integer-literal [ "*" scale-factor ] .

real-part = real-literal .

real-type ="real" [ "(" radix "," factor ")" ] .

45

30

13

26

15

4

4

4

41

22

22
28, 29, 31
29

29

51

51
21,22
51

51
51
51
21
21
34, 47
34
34
34, 47
34, 47
33
33
16

17

35
35
15

34
13

21, 23, 25, 26

28
23
23
25
26
24
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record-type = "record" *(* field-list ")" .

record-value
registry-index

registry-name =
repertoire-identifier =

ranartnira.lict = ranarn
IU'J\JI Wil v 1oL - I‘JPU

return-parameter = [ parameter-name

scaled-literal =

= field-value-list | value-list .
number .
*ISO_10646" | "iSO_2375" i "iSO_7350" i "iSO_10036"
value-expression .
rtoire-identifier { "," repertoire-identifier } .

] parameter-type .
integer-literal [ ™" scale-factor ] .

scaled-type = "scaled" "(" radix "," factor ")" .

scale-factor =

anlant

bUIUbl'llclll =
select-list =
select-range =

sequence-type

sequence-value =

set-type =
set-value =
signed-number
size-subtype =

number "A" signed-number .

Ao anlant_ran

value-expression | select-range .

23, 25

N8 20 1

£0, &9, Ji

sdlect-item {"" select-item } .

lowerbound ".." upperbound .
= "sequence" "of" "(" element-type ")" .
empty-value | value-list .

Ilse1II Ilofll II(II element_type II)II i
empty-value | value-list .

= [ "" ] number .
base "size" "(" minimum-size [

maximum-size ] ")" .

state-literal = identifier .
state-type = "dtate" (" state-value-list ")" .

state-value-list

string-characten

SuniyTuiiaiaviol

string-literal =

= state-literal { "," state-literal } .

= non-quote-character | added-c
- LAY \1 v viiaairavivig ~u \Ill

quote { string-character } quote .

subtype = range-subtype | selecting-subtype | excluding-subtype
| size-subtype | explicit-subtype | extended-type .

subtype-definitibn

= type-specifier .

table-entry = fleld-value-list | value-list .

table-type = "tpble" "(" field-list ")" .

table-value = empty-value | "(" table-entry>{-"," table-entry } ")"
tag-type = type-specifier .

tag-value = inflependent-value .

tag-value-list < "(* select-list ")"

termination-dedlaration = "termination" termination-identifier [ "(" termination-parameter-list ")" ] .

termination-ide

termination-list =
termination-parameter-list’ =
termination-reference) =
string-literal .

time-literal =

identifier .

termination-reference { "," termination-reference } .
parameter { "," parameter } .
termination-identifier .

htifier =

28, 29, 31
28, 29, 31

time-type = "time" "(" time-unit [ "," radix "," factor ]1")" .

time-unit =

"year

month" | "day" | "hour" | "minute" | "second" | formal-parametric-value .

type-declaration = “type" type-identifier [ "(" formal-type-parameter-list ")" ]

ll=ll [
type-definition

type-identifier =

type-reference

type-specifier =
| type-

upperbound =

70

"new" ] type-definition .

= type-specifier .

identifier .

= type-identifier [ "(" actual-type-parameter-list ")" ] .
primitive-type | subtype | generated-type

reference | formal-parametric-type .

value-expression | "*" .

45
45
44, 45
44

17
28, 29, 31
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value-declaration = "value" value-identifier ":" type-specifier "=" independent-value .
value-expression = independent-value | dependent-value | formal-parametric-value .
value-identifier = identifier .

value-list = "(" independent-value { "," independent-value } ")" .
value-reference = value-identifier .
void-literal = "nil" .

void-type = "void" .

Productions of the common IDN which appear in a more restricted form above:

46
15
46
37, 39, 40, 42, 43
15
27
27

procedure-reference = [ interface-synonym "::" ] procedure-identifier .

termination- i - ination-j ifier

type-reference = [ interface-synonym "::" ] type-identifier [ "(" actual-type-parameter-list')' ] .
value-feference = [ interface-synonym ":" ] value-identifier .

Additional 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
e-identifier = object-identifier-value .

interfajce-synonym = identifier .

interface-body = { import } { declaration ";" } .

imporf = "imports" [ "(* import-symbol-list ")" ] "from" interface-reference .
import-symbol-list = import-symbol { “," import-symbol }S,

import-symbol = procedure-identifier | termination-identifier | type-identifier | value-identifie

-
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Annex E
(informative)

Examble Mannina to Pascal
SEASEETY Rty v ¢ st

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 noted.

The purpose of this annex is to exemplify the nature and content of an inward mapping, and possibly a mapping:standard. This
mapping should [not be considered a definitive mapping from LI datatypes to the Pascal language.

E.1 LI Primitive Datatypes

E.1.1 Boolean

Boolean maps tolthe Pascal type Boolean. Values true and false map to the corresponding.values of Pascal Boolegn. All char-
acterizing operations are preserved, using the Boolean operators of Pascal.

E.1.2 Stat

A state datatype jof the form state(state-value-lisf) maps to the Pascal enuteration type (state-value-list). Each state-value is
mapped to the Pascal value with the corresponding identifier. All characterizing operations are preserved.

E.1.3 Enumerated

An enumerated datatype of the form enumerated(enumerated-value-list) maps to the Pascal enumeration type (§numerated-
value-list). Each enumerated-value is mapped to the Pascalvalue with the corresponding identifier. All characterizing opera-
tions are preserved.

E.1.4 Character

A single character datatype of the form character or character(repertoire-list) maps to the Pascal type char. Pdscal requires
each implementgtion to define the character-set associated with the type char. The default character-set designated by the LI
datatype syntax character is presumed:to be that character-set, and repertoire-list, if present, must identify that ¢haracter-set,
or a subset of it.| Each character-value/in that character-set is mapped to the Pascal value having the same characfer-code. All
characterizing operations are preserved.

No other character datatype-is, mapped into a Pascal datatype, although an implementation may specify a mapping ¢f the charac-
ter-codes into the Pascal‘type integer.

E.1.5 Ordilral

The LI datatype ordinal range(1..maxint) maps to the Pascal subrange type 1..maxint. Pascal requires each implementation 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

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 a value can be mapped into Pascal.

E.1.8 Rational

Rational mpps to the Pascal type declared by
type rational = array [1..2] of integer;
with the chracterizing operations defined as follows:

procedure Reduce(var x: rational); (* reduces a rational value to lowest-terms ¥)

art, 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;

éend;

procedure 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);

bnd;

procedure Multiply(x, y+rational; var t: rational);

begin
tH=x1] * y[1];
t[2}== x[2] * y[2];

Reduce(t);
bnd;
procedure 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;

© ISO/IEC

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. These procedures are intended only as a demonstration that the characterizing operations can be implemented “conveniently” on the type

as mapped.
E.1.9 Scaled
The LI datatypd scaled(r, f) range(minrf..maxrf) maps to the Pascal type integer, where minrf has the.value —mqxint * D
and maxrf has the value maxint D, A scaled datatype with the corresponding minimum and maximum values [(and any sub-
type thereof) is mapped to the Pascaltype integer, with each scaled value N 1D being mapped,into the Pascal infeger value N.
In order for the [characterizing operations to be preserved, scaled multiply and divide operations have to be definedl, as follows:
type scaled = integer;
(* const rtothef = r pow f; *)
function scaledMultiply(x, y: scaled): scaled,
var
t: scaled;
round: Boolean;
negate: Boolean;
begin
ti=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 gcaledDivide(x, y: scaled): scaled;
var
t: scaled;
negate: Boolean;
begin
negate-=(x < 0);
if negate then x := -x;
if y'<0 then begin
negate := not negate;
Y==—=Y;
end;
t = (x* rtothef ) /y;
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

74


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

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 following mapping: Each LI Real value
is mapped into the Pascal real value which is mathematically nearest it and if two values are equidistant then either may be cho-
sen. All cHaracterizing operations are conceptually preserved, although the implementation-defined arithme¢tic may affect the

correctness|of results.

No real valjue requiring more range or more precision can be mapped, and no datatype containingysuch a value can be mapped
into Pascal

E.1.11 CGomplex

The LI datdtypes complex and complex(radix, precision) are mapped into Pascal using the Pascal type:
type gomplex = record realpart, imagpart: real end;

This type, however, only maps values ¢ in C such that | Re(c) | < rmax andx| Im(c) | < rmax, where rmax is implementation-
defined, amd then only if rmax and the given or default radix and precision’parameters define a subset of the complex values
whose Cartesian representations (x + iy) are distinguishable in the Cartesian product of the real values defined by the Pascal im-

p!ementat: n. (ThlS cannot be stated as a constraint on the value space’o of the LI nnmn]pv riafatvnp \ No conr n]pv dﬂfntvnp re-

quiring mofe range or precision can be mapped.

Each LI C¢gmplex 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 valuexmathematically nearest Im(c). (Re and Im are themathematical pro-
jections onfo the real and imaginary axes, respectively.)

The definitjon of “characterizing operations™ appropriate to the Cartesian representation of a complex-numbef can be defined by
the followihg Pascal procedures, although the implementation-defined arithmetic may affect the correctness ¢f results.

functipn Equal(x, y: complex): Boolean;
begin Equal := (x.realpart =.yirealpart) and (x.imagpart = y.imagpart) end;

procedure Promote(x: real; var't’complex);
begin t.realpart ;= x; t.imagpart := 0.0; end;

procedure Add(x, y: complex; var t: complex);
begin

t.realpart:= x.realpart + y.realpart;
t.imagpart := x.imagpart + y.imagpart;
end;

procegdure Multiply(x, y: complex; var t: complex);
begdin
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);
var r: real;
begin
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end;

procedure
var

r = x.realpart * x.realpart + x.imagpart * x.imagpart;
t.reaipart := x.reaipart / r;
t.imagpart := - x.imagpart /r;

Squareroot(x: complex; var t: complex);

r- raal.

1. icai,

theta: real;

begin

end;

sqgrt(x.realpart * x.realpart + x.i
realpart = 0.0 then begin
if x.imagpart >= 0.0 then theta := 0.5 * pi;

else theta :=- 0.5 * pi;

.k
I

-

if

end efse begin
theta := arctan(x.imagpart / x.realpart);
if x.realpart < 0.0 then theta := theta + pi;
end;
cos(0.5 * theta);

* ainmiN E * .
SHHRV.L uicia),

He2Y-Yelal"]

NOTE — in Exteincied Pascai , the LI datatypes compiex and compiex(radix, precision) can be mdppéd to the type compie

and the given or d
ematical complex
mentation-defined

E.1.12 Void

The LI datatype
into an empty-vi

arithmetic may affect the correctness of results.

iriant “()”” of a variant-record (see E.2.1).

E.2 LI Generated Types

E.2.1 Choi

Ce

A choice datatype of the form:

choice (tag
seled

seleg

is mapped into t

p-type) of (
t-list1 . alternative-1,

t-listN : alternative<N.)

he Pascal variantrecord type:

record cade tag-variable : mapped-tag-type of

case-constant-list1 : mapped-type1;

.cé..se-constant-listN: mapped-typeN

end;

void is mapped into Pascal only when it appears as an aitefnative of a choice datatype. In this case

, only if rmax

fault radix and precision parameters define a subset of the complex values which.is distinguishable in the subget of the math-
values defined by the Pascal implementation. All characterizing operations are.conceptually preserved, altho)

ugh the imple-

it is mapped

only when the following conditions are met:

1y

is the image of the mapping.

2)

The rag-type maps to a Pascal ordinal type, as specified in this Annex. The mapped-tag-type is then the ordinal type which

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
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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.

All values of the choice datatype are mapped to the corresponding values of the mapped-types specified above.

The characterizing operations Tag and Cast are implemented (at least conceptua -Pascal-by-refereneing-n particular field of
the corresponding mapped-type, or assigning to it, respectively. The characterizing operation Discriminant|is the value of the
tag-variable. Equal can be implemented in Pascal by a case-statement using the tag-variable and the mapped select-lists given

above to sdlect field-by-field comparison for each alternative.

E.2.2 Pointer

A pointer
type maps

Only those]
pointer-val
heap, there]

tatype of the form pointer to (element-type) is mapped into the Pascal type Amapped-type, only
a Pascal type, as specified in this Annex. The mapped-type is then the Pascal type which is the im3

values of the pointer datatype which refer to objects on the Pascal “heap” are mapped into the co

by generating an “‘equivalent” Pascal pointer-value, in the sense that Dereference will work correc

when the element-
1ge of the mapping.

rresponding Pascal

ue. Other pointer-values may be supported by dereferencing them.and copying the element-value onto the Pascal

ly, but the unspec-

ified “assignment” operation (see Note 3 to clause 8.3.2) will not.

The Derefdrence operation is the Pascal identified-variable, i.e. pointer-value/.

E.2.3 Procedure

A procedute datatype of the form: procedure (parameter-list)
is mapped into a Pascal “procedure parameter specification”, only when it appears as the datatype of a procedure parameter, and
only if all qf its parameter-types can be mapped to.Pascal types, as specified in this Annex.

A procedute datatype of the form: procedure (parameter-list) returns (return-parameter)
can be magped into a Pascal “procedure parameter specification” or “function parameter specification”, only |when it appears as
the datatype of a procedure parameter, and’only if all of its parameter-types, including that of the return-parameter, can be
mapped to [Pascal types, as specified in this Annex. If the return-parameter maps to a simple type or a poirnter type in Pascal,
then the prpcedure datatype is mappéd to a Pascal “function parameter specification”; otherwise, it is mappgd to a “procedure
parameter §pecification”.

Every LI p
tion of the 1
Every LI p
into a Pasc
parameter-
parameter-
cedure data
as if it were an ad

prameter-declaration of the form in identifier : parameter-type is mapped into a Pascal value-pgrameter-specifica-
orm identifier:mapped-type where mapped-type is the image of the parameter-type under the mppping into Pascal.
prameter-declaration of the forms inout identifier : parameter-type or out identifier : parameter-type is mapped
il variable-parameter-specification of the form var identifier : mapped-type where mapped-type is the image of the
fype ander the mapping into Pascal. If the procedure datatype is mapped to a functional paramete} specification, the
fype of the return-parameter is mapped into the result-type of the Pascal function parameter-speciffcation. If the pro-

ne h eturn-narameter-and-is m ved-to-a-b dure meata bact ation tha g - ameterismapped

ditional out parameter.
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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