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Foreword

ISO (the International Organization for Standardization) and |EC (the International
Electrotechnical Commission) form the specialized system for worldwide standardiz-
ation. National bodies that are members of ISO or IEC participate in the development
of International Standards through technical committees established by the respective
organization to i i i ivi C technical

committees collaborate in fields of mutual interest. Other international organizations,
governmental and non-governmental, in liaison with ISO and IEC, also ta
work.

In the field of information technology, I1SO and IEC have established a joint technical
committee, ISO/IEC JTC 1. Draft International Standards adopted by the joint
technical committee are circulated to national bodies for voting. Publigation as an
" International Standard requires approval by at least 75 % of the national bodies casting
a vote.

International Standard 1ISO/IEC 7185 was prepared by Joint Technical |Committee
ISOAEC JTC 1, Information technology.

This second'edition cancels and replaces the first edition (ISO 7185 1983).

Annexes A, B, C,D, E and F are for information.
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Introduction

This International Standard provides an unambiguous and machine independent definition of the
programming language Pascal. Its purpose is to facilitate portability of Pascal programs for use on a
wide variety of data processing systems.

Language history

The computer programming language Pascal was designed by Professor Niklaus Wirth to satisfy two
principal aims

a) to make available a language suitable for teaching programming as a systematic discipline based on
certaip funidamental concepts clearly and naturally reflected by the language;

b) to define a language whose implementations could be both reliable and efficient on then-available
compuiters.

However, it|has become apparent that Pascal has attributes that go far beyond these original goals. It is
now being 2ircreasingly used ¢ommercially in the writing of both system and application software. This
International Standard is primarily a-consequence of the growing commercial interest in Pascal and the
need to promhote the portability of Pascal programs between data processing systems.

In drafting [this International Standard the continued stability of Pascal has been a prime objective.
However, apart from changes to clarify the’specification, two major changes have been introduced.

a) The sntax used to specify procedural and functional parameters has been changed to require the
use of a procedure or function heading, as appropriate (see 6.6.3.1); this change was introduced to
overcpme a language insecurity.

b) A fifth kind of parameter, the conformant-array-parameter, has been introduced (see 6.6.3.7). With
this kind of parameter, the required bounds of the indéx-type of an actual-parameter are not fixed,
but are restricted to a specified range of values.

Project history

In 1977, a working group was formed within the British Standards Institution (BSI) to produce a standard
ming language Pascal. This group produced several working drafts,the first draft for public
ing widely published early in 1979. In 1978, BSI’s proposal that Pascal be added to ISO’s

effort initiated by the UK. These efforts were performed under X3 project 317.

In agreement with IEEE representatives, in February of 1979, an X3 resolution combined the X3J9 and
P770 committees into a single committee called the Joint X3J9/IEEE-P770 Pascal Standards Committee.
(Throughout, the term JPC refers to this committee.) The first meeting as JPC was held in April 1979.

The resolution to form JPC clarified the dual function of the single joint committee to produce a dpANS
and a proposed IEEE Pascal standard, identical in content.

ANSI/IEEE770X3.97-1983, American National Standard Pascal Computer Programming Language, was
approved by the IEEE Standards Board on September 17, 1981, and by the American National Standards
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Institute on December 16, 1982. British Standard BS6192, Specification for Computer programming
language Pascal, was published in 1982, and International Standard 7185 (incorporating BS6192 by
reference) was approved by ISO on December 1, 1983. Differences between the ANSI and ISO standards
are detailed in the Foreword of ANSI/IEEE770X3.97-1983.

In 1985, the ISO Pascal Working Group (then designated ISO/TC97/SC22/WG2, now ISO/IEC JTC1/
SC22/WG2) was reconvened after a long break. An Interpretations Subgroup was formed, to interpret
doubtful or ambiguous portions of the Pascal standards. As a result of the work of this subgroup, and also
of the work on the Extended Pascal standard being produced by WG2 and JPC, BS6192/ISO7185 was
revised and corrected during 1988/89; it is expected that ANSI/IEEE770X3.97-1983 will be replaced by
the revised ISO 7185.

The major revisions to BS6192:1982 to produce the ﬁew ISO 7185 are:
a) resolution of the differences with ANSI/IEEE770X3.97-1983;

b)relaxation of the syntax of real numbers, to allow “digit sequences” rather than “unsigned integers”
for'the various components;

¢) in the handling of “end-of-line characters” in text files;

d) in the handling of run-time errors.
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Information technology — Programming languages —

Pascal

1 Scope
1.1

This-International Standard specifies the semantics and syntax of the computer programmifng language

Pascal by, specifying requirements for a processor and for a conforming program. Two levels of]
are defined for both processors and programs.

1.2
This International Standard does not specify

compliance

a) the size or complexity of a program and its data that will exceed the capacity of any gpecific data
processing system or the¢ capacity of a particular processor, nor the actions to be tak¢n when the

corresponding limits are exceeded;

b) the minimal requirements of a dataprocessing system that is capable of supporting an imy]
of a processor for Pascal;

lementation

¢) the method of activating the program-blogk or the set of commands used to control the gnvironment

in which a Pascal program is transformed arid executed;

d) the mechanism by which programs written in"Pascal are transformed for use by a datg
system,;

¢) the method for reporting errors or warnings;

f) the typographical representation of a program published for human reading.

2 Normative reference

The following standard contains provisions which, through reference in this text; constitut
of this International Standard. At the time of publication, the edition indicated was yalid.

are subject to revision, and parties to agreements based on this International Standard-are en|
investigate the possibility of applying the most recent edition of the standard listed below/ 1

processing

provisions
11 standards
couraged to
Members of

IEC and ISO maintain registers of currently valid International Standards.

ISO 646:1983, Information processing—ISO 7-bit coded character set for information interchange.

3 Definitions

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

NOTE — To draw attention to language concepts, some terms are printed in italics on their first mention or at their

defining occurrence(s) in this International Standard.
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3.1 Error

A violation by a program of the requirements of this International Standard that a processor is permitted
to leave undetected.

NOTES

11f it is possible to construct a program in which the violation or non-violation of this International Standard requires
knowledge of the data read by the program or the implementation definition of implementation-defined features, then
violation of that requlrement is classified as an error Processors may report on such v1olat10ns of the requlrement
without such knewledge;-b - e case - eXe

procedures with the requlred knowledge Requu'ements l‘.hat can be venﬁed without such knowledge are not classified
as errors.

2 Processors should dftempt the detection of as many errors as possible, and to as complete a degree as possible.
Permission to| omit detetion is provided for implementations in which the detection would be an excessive burden.

3.2 Extension

A modificatlon to clause 6 of the'requirements of this International Standard that does not invalidate any
program comnplying with this International Standard, as defined by 5.2, except by prohibiting the use of
one or more{particular spellings of identifiers (see 6.1.2 and 6.1.3).

3.3 Implementation-defined

Possibly differing between processors, but defined for any particular processor.

3.4 Implementation-dependent

Possibly differing between processors and not necessarily defined-for any particular processor.

3.5 Processor

A system or{mechanism that accepts a program as input, prepares it for execution, and executes the process
so defined with data to produce results.

with an assodiated host computing machine and operating system, or another mechanism for achievirig the same effect.

NOTE — A :F'ocessor may consist of an interpreter, a compiler and run-time system, or anothef/echanism, together
A compiler ip itself, for example, does not constitute a processor.

Backus-Naur F ationhas—been-modified 8l :

description and to allow for iterative productmns to replace recurs1ve ones. Table 1 llsts the meanings of
the various metasymbols. Further specification of the constructs is given by prose and, in some cases, by
equivalent program fragments. Any identifier that is defined in clause 6 as a required identifier shall denote
the corresponding required entity by its occurrence in such a program fragment. In all other respects, any
such program fragment is bound by any pertinent requirement of this International Standard.

A meta-identifier shall be a sequence of letters and hyphens beginning with a letter.

A sequence of terminal and nonterminal symbols in a production implies the concatenation of the text that
they ultimately represent. Within 6.1 this concatenation is direct; no characters shall intervene. In all other
parts of this International Standard the concatenation is in accordance with the rules set out in 6.1.
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Table 1 — Metalanguage symbols

Metasymbol Meaning

= Shall be defined to be

> Shall have as an alternative definition
| Alternatively

. End of definition

[ x ] 0 or 1 instance of x

{ x} 0 or more instances of x

(x1y) Grouping: either of x or y

‘xyz’ The terminal symbol xyz
meta-identifier | A nonterminal symbol

The characters required to form Pascal programs shall be those implicitly required to form the
separatofs-defined in 6.1.

tokens and

Use of the words of, in, containing, and closest-containing, when expressing a relationship between

terminal or nonterminal symbols, shall have the following meanings
—the x of a y: refers to the x occurring directly in a production defining y;
—the x in a y: is synonymous with ‘the xofay’;

—a y containing an x: refersto any y from which an x is directly or indirectly derived;

—the y closest-containing an X{_that y containing an x and not containing another y oontaiI\g that x.

These syntactic conventions are used in clause 6 to specify certain syntactic requirements
contexts within which certain semantic specifications apply.

In addition to the normal English rules for hyphenation, hyphenation is used in this Internation
to form compound words that represent meta-identifiers, semantic terms, or both. All meta-ide
contain more than one word are written as a unit with hyphens joining the parts. Semantic te

d also the

al Standard
ntifiers that
rms ending

in “type” and *“variable” are also written as one hyphenated unit. Semantic terms representing compound

ideas are likewise written as hyphenated units, e.g., digit-valde, activation-point, assignment-
and identifying-value.

NOTES are included in this International Standard only for purposes)of clarification, and aid i
the standard. NOTES are informative only and are not a part of the International Standard.

Examples in this International Standard are equivalent to NOTES.

5 Compliance

compatible,

h the use of

There are two levels of compliance, level 0 and level 1. Level 0 does not include conformant-array-

parameters. Level 1 does include conformant-array-parameters.

5.1 Processors

A processor complying with the requirements of this International Standard shall

a) if it complies at level 0, accept all the features of the language specified in clause 6, except for 6.6.3.6

€), 6.6.3.7, and 6.6.3.8, with the meanings defined in clause 6;

b) if it complies at level 1, accept all the features of the language specified in clause 6 with the meanings

defined in clause 6;
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¢) not require the inclusion of substitute or additional language elements in a program in order to
accomplish a feature of the language that is specified in clause 6;

d) be accompanied by a document that provides a definition of all implementation-defined features;

e) be able to determine whether or not the program violates any requirements of this International
Standard, where such a violation is not designated an error, report the result of this determination
to the user of the processor before the execution of the program-block, if any, and shall prevent
execution of the program-block, if any;

1) thérershall be a statement in an accompanying document that the error is not reported, and a
ote-referencing each such statement shall appear in a separate section of the accompanying
Hocument;

2) the proéessor shall report the error or the possibility of the error during preparation of the
program for exeCution and in the event of such a report shall be able to continue further
processing and shall be able to refuse execution of the program-block;

3) the processor shall repoft the error during execution of the program;

and if an error is reported during.execution of the program, the processor shall terminate execution;
if an ¢rror occurs within a statementy the execution of that statement shall not be completed;

h) be able to process, in a manner similar to that specified for’errors, any use of any such extension;

i) be abje to process, in a manner similar to that specified for errors, any use of an implementation-
deperdent feature. '

NOTE — 2 The phrase ‘be able to’ is used in 5.1 to permit the implementation of a switch with which the user may
control the r¢porting.

A processoi that purports to comply, wholly or partially, with the requirements of this Int€rnational Standard
shall do so pnly in the following terms. A compliance statement shall be produced by ‘the'processor as a
consequencg of using the processor or shall be included in accompanying documentation. If the processor
complies ir| all respects with the requirements of this International Standard, the compliance statement
shall be

<This procgssor> complies with the requirements of level <number> of ISO/IEC 7185.

If the procassor complies with some but not all of the requirements of this International Standard then it
shall not useEWlZl_l_lTl_m_l_d_ﬂrrﬂ_—l—ﬁl_e above statement, but shall instead use the 10llowing compliance statement
<This processor> complies with the requirements of level <number> of ISO/IEC 7185, with the following

exceptions: <followed by a reference to, or a complete list of, the requirements of the International
Standard with which the processor does not comply>.

In both cases the text <This processor> shall be replaced by an unambiguous name identifying the
processor, and the text <number> shall be replaced by the appropriate level number.

NOTE — 3 Processors that do not comply fully with the requirements of the International Standard are not required to
give full details of their failures to comply in the compliance statement; a brief reference to accompanying documentation
that contains a complete list in sufficient detail to identify the defects is sufficient.
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5.2 Programs
A program conforming with the requirements of this International Standard shall

a) if it conforms at level 0, use only those features of the language specified in clause 6, except for
6.6.3.6 €), 6.6.3.7, and 6.6.3.8;

b) if it conforms at level 1, use only those features of the language specified in clause 6; and

¢) not rely on any particular interpretation of implementation-dependent features.

—NOTES
A program that complies with the requirements of this International Standard may rely on particular implementation-
défined values or features.

2 The’requirements for conforming programs and compliant processors do not require that the results groduced by a
conformifig) program are always the same when processed by a compliant processor. They may be the same, or they
may differ/depending on the program. A simple program to illustrate this is

program x(output); begin writeln(maxint) end.

6 Requirements

6.1 Lexical tokens

NOTE — The syntax given in this subclaiise describes the formation of lexical tokens from characters and the separation
of these tokens and therefore does not adhere, to the same rules as the syntax in the rest of this Internatignal Standard.

6.1.1 General

The lexical tokens used to construct Pascal programg'are classified into special-symbols, identifiers, directives,
unsigned-numbers, labels, and character-strings. The representation of any letter (upper case of lower case,
differences of font, etc.) occurring anywhere outside of-a-Character-string (see 6.1.7) shall be [insignificant
in that occurrence to the meaning of the program.

= @ || |'d e |7 g b | T
| Lm0 1 g s
| v W I Ly 7

letter

dlgit - ‘0, 1‘1, I¢2a Ics, |c49 Its) |‘67 I¢7$ |¢8’ Icg: i

6.1.2 Special-symbols

The special-symbols are tokens having special meanings and are used to delimit the syntdcti¢ units of the
language.
special-symbol

= ‘+7 I ‘_9 | (224 l ‘/, l ‘=’ | ‘<9 I ¢>, | ‘[’ I ‘]’
I ‘.Q I G” I G:, I 6;’ | 6T’ I 6(, I ‘)9
| ‘<>’ |‘<=" | ‘>=" | ‘=" | “..” | word-symbol .
word-symbol = ‘and’ | ‘array’ | ‘begin’ | ‘case’ | ‘const’ | ‘div’

| ‘do’ | ‘downto’ | ‘else’ | ‘end’ | “file’ | “for’

| “function’ | ‘goto’ | ‘if’ | ‘in’ | ‘label’ | ‘mod’

| “nil” | ‘not’ | ‘of’ | ‘or’ | ‘packed’ | ‘procedure’

| ‘program’ | ‘record’ | ‘repeat’ | ‘set’ | ‘then’

|  “to’ | “type’ | ‘until’ | ‘var’ | ‘while’ | ‘with’ .
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6.1.3 Identifiers

Identifiers can be of any length. The spelling of an identifier shall be composed from all its constituent
characters taken in textual order, without regard for the case of letters. No identifier shall have the same
spelling as any word-symbol. Identifiers that are specified to be required shall have special significance
(see 6.2.2.10 and 6.10).

identifier = letter { letter |digit } .

Examples:

X
timJ
readinteger
WG4
AltgrHeatSetting
InqyireWorkstationTransformation
InqyireWorkstationIdentification

6.1.4 Directiives

A directive §hall only occur in a procedure-declaration or a function-declaration. The only directive shall
be the requifed directive forward (see 6.6:1/and 6.6.2). No directive shall have the same spelling as any
word-symbal.

directjve = letter { letter | digit } .

NOTE — M4ny processors provide, as an extension, the directive external, which is used to specify that the procedure-
block or funcfion-block corresponding to that procedure-headingor function-heading is external to the program-block.
Usually it is in a library in a form to be input to, or that has been produced by, the processor.

6.1.5 Numbers

An unsigned-integer shall denote in decimal notation a value of integer-type (see 6.4.2.2). An unsigned-real
shall denotd in decimal notation a value of real-type (see 6.4.2.2). The letier ‘e’ preceding a scale-factor
shall mean fimes ten to the power of. The value denoted by an unsigned-integer shall be in the closed
interval 0 tq maxint (see 6.4.2.2 and 6.7.2.2).

signefl-number = signed-integer | signed-real .
signefl-real = [ sign ] unsigned-real .
signefl-integer = [ sign ] unsigned-integer .

unsigned-number = unsigned-integer |unsigned-real .

sign £ 4" | =" .

unsigned-real = digit-sequence ." fractional-part [ ‘e’ scale-factor ]
| digit-sequence ‘e’ scale-factor .

unsigned-integer = digit-sequence .
fractional-part = digit-sequence .
scale-factor = [ sign ] digit-sequence .
digit-sequence = digit { digit } .
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Examples:
lel0
1
+100
-0.1
5e-3
87.35E+8

6.1.6 Labels

Labels shall be digit-sequences and shall be distinguished by their apparent integral values and
the closed interval O to 9999. The spelling of a label shall be its apparent integral value.

label = digit-sequence .

6.1.7 Character-strings

shall be in

A character-string containing a single string-element shall denote a value of the required chT-type (see

6.4.2.2). A character;string containing more than one string-element shall denote a value of a
(see 6.4.3.2) with the/Same number of components as the character-string contains string-ele|
character-strings with a given number of components shall possess the same string-type.

string-type
ments. All

There shall be an implementation-defined one-to-one correspondence between the set of altem‘ﬁives from

which string-elements are drawr and a subset of the values of the required char-type. The occ
string-element in a character-string’shall denote the occurrence of the corresponding value of @

character-string = ¢ string-element { string-element } ¢’ .
string-element = apostrophe-image {/string-character .
apostrophe-image = ‘" .

string-character = one-of-a-set-of-implementation-defined-characters .

ence of a
har-type.

NOTE — Conventionally, the apostrophe-image is regarded as a substitute for the apostrophe character, which cannot

be a string-character.

Examples:
IAI
14 '. 1
11717
'Pascal’
'THIS IS A STRING’

6.1.8 Token separators

Where a commentary shall be any sequence of characters and separations of lines, containing neither } nor

*), the construct

( c{’ I c(*a ) Commentary ( c*)’ I ¢}9 )

shall be a comment if neither the { nor the (* occurs within a character-string or within a commentary.
g

NOTES

1 A comment may thus commence with { and end with *), or commence with (* and end with }.

2 The sequence (*) cannot occur in a commentary even though the sequence {) can.
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Comments, spaces (except in character-strings), and the separations of consecutive lines shall be considered
to be token separators. Zero or more token separators can occur between any two consecutive tokens,
before the first token of a program text, or after the last token of the program text. There shall be at
least one separator between any pair of consecutive tokens made up of identifiers, word-symbols, labels
or unsigned-numbers. No separators shall occur within tokens.

6.1.9 Lexical alternatives

The representation for lexical tokens and separators given in 6.1.1 to 6.1.8, except for the character
sequences( and—); all-constitite-areferencerepresentationfor-these-tokens-and-separators-

To facilitate|the use of Pascal on processors that do not support the reference representation, the following
alternatives have been defined. All processors that have the required characters in their character set shall
provide botH the referefice representations and the alternative representations, and the corresponding tokens
or separatorp shall notbe distinguished. Provision of the reference representations, and of the alterative
token @, shpll be implementation-defined.

The alternative representations.for the tokens shall be

Reference token  Alternative token
T @
[ (.
1 )

NOTE — 1 The character T that appears in some national‘vafiants of ISO 646 is regarded as identical to the character
A, In this Intdrnational Standard, the character T has been used/because of its greater visibility.

The commeht-delimiting characters { and } shall be the reference representations, and (* and *) respectively
shall be altarnative representations (see 6.1.8).

NOTE — 2 $ee also 1.2 f).

6.2 BlocI, scopes, and activations
6.2.1 Bloc

A block clogest-containing a label-declaration-part in which a label occurs shall closest-cantain exactly one
statement irl which that label occurs. The occurrence of a label in the label-declaration-part 6f a block shall
be its definjng-point for the region that is the block. Each applied occurrence of that label (see 6.2.2.8)
shall be a Ipbel. Within an activation of the block, all applied occurrences of that label shall denote the
corresponding program-point in the algorithm of the activation at that statement (see 6.2.3.2 b)).

block = label-declaration-part constant-definition-part type-definition-part
variable-declaration-part procedure-and-function-declaration-part

statement-part .
label-declaration-part = [ ‘label’ label { °,’label } ;> 1 .
constant-definition-part = [ ‘const’ constant-definition ‘;’ { constant-definition ;” } ] .
type-definition-part = [ ‘type’ type-definition ¢;” { type-definition ;" } ] .
variable-declaration-part = [ ‘var’ variable-declaration ‘;’ { variable-declaration ‘" } ] .

procedure-and-function-declaration-part = { ( procedure-declaration
| function-declaration ) ‘;’ } .
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The statement-part shall specify the algorithmic actions to be executed upon an activation of the block.

statement-part = compound-statement .

6.2.2 Scopes
6.2.2.1

Each identifier or label contained by the program-block shall have a defining-point.

6.2.2.2
Each-defining-point shall have a region that is a part of the program text, and a scope that is & part or all
of thatregion.
6.2.2.3

The region of each-defining-point is defined elsewhere (see 6.2.1, 6.2.2.10, 6.3, 6.4.1, 6.4.2.3, 6.4.3.3,
6.5.1,6.5.3.3,6.6.1,6.6.2,6.6.3.1, 6.8.3.10, 6.10).
6.2.24

The scope of each defining-point shall be its region (including all regions enclosed by that reglon) subject
to 6.2.2.5 and 6.2.2.6.
6.2.2.5

When an identifier or label has a defining-point for region A and another identifier or label having the same
spelling has a defining-point for some region B enclosed by A, then region B and all regions ¢nclosed by
B shall be excluded from the scope of the defining-pointfor region A.
6.2.2.6

The region that is the field-specifier of a field-designator shall be excluded, from the enclosing|scopes.

6.2.2.7

When an identifier or label has a defining-point for a region, another identifier or label with the same
spelling shall not have a defining-point for that region.

6.2.2.8

Within the scope of a defining-point of an identifier or label, each occurrence of an identifier or label having
the same spelling as the identifier or label of the defining-point shall be designated an applied occurrence
of the identifier or label of the defining-point, except for an occurrence that constituted the defining-point;
such an occurrence shall be designated a defining occurrence. No occurrence outside that scope shall be
an applied occurrence.

NOTE — Within the scope of a defining-point of an identifier or label, there are no applied occurrences of an identifier
or label that cannot be distinguished from it and have a defining-point for a region enclosing that scope.
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6.2.2.9

The defining-point of an identifier or label shall precede all applied occurrences of that identifier or
label contained by the program-block with one exception, namely that an identifier can have an applied
occurrence in the type-identifier of the domain-type of any new-pointer-types contained by the type-definition-
part containing the defining-point of the type-identifier.

6.2.2.10

Required iden enote . procedures, and ions shall be
on enclosing the program (see 6.1.3, 6.3, 6.4.1, and 6.6.4.1).

defining-poipnts have a regi
NOTE — Th¢ required identifiers input and output are not included, since these denote variables.

6.2.2.11

Whatever arl identifier or label denotes at its defining-point shall be denoted at all applied occurrences of
that identifigr or label.

NOTES

1 Within synthx definitions, an applied occurrence of an identifier is qualified (e.g., type-identifier), whereas a use that
constitutes a defining-point is not qualified.

2 It is intendéd that such qualification indicates the natufe of the entity denoted by the applied occurrence: e.g., a
constant-idenlifier denotes a constant.

6.2.3 Activdtions
6.2.3.1

A procedurd-identifier or function-identifier having a defining-point fora region that is a block within the
procedure-ahd-function-declaration-part of that block shall be designateddocal to that block.

6.2.3.2

The activatipn of a block shall contain

a) for th¢ statement-part of the block, an algorithm, the completion of which shall terminate.-the activation
(see also 6.8.2.4);

b) for eath defining-point of a label in the label-declaration-part of the block, a corresponding program-
point [see 6.2.1);

¢) for ea¢h variable-identifier having a defining-point for the region that is the block, a variable possessing
the type associated with the variable-identifier;

d) for each procedure-identifier local to the block, a procedure with the procedure-block corresponding
to the procedure-identifier, and the formal-parameters of that procedure-block;

e) for each function-identifier local to the block, a function with the function-block corresponding
to, and the result type associated with, the function-identifier, and the formal-parameters of that
function-block;

f) if the block is a function-block, a result possessing the associated result type.

NOTE — Each activation contains its own algorithm, program-points, variables, procedures, and functions, distinct
from every other activation.

10
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6.2.3.3

The activation of a procedure or function shall be an activation of the block of the procedure-block of the
procedure or function-block of the function, respectively, and shall be designated as within

a) the activation containing the procedure or function; and

b) all activations that that containing activation is within.

NOTE — An activation of a block B can only be within activations of blocks containing B. Thus, an activation is not
within another activation of the same block.

Within an activation, an applied occurrence of a label or variable-identifier, or of a procedurg-identifier
or/ function-identifier local to the block of the activation, shall denote the corresponding program-point,
variable, procedure, or function, respectively, of that activation; except that the function-idertifier of an
assignment-statement shall, within an activation of the function denoted by that function-identifier, denote
the result’of that activation.

6.2.34
A procedure-statement-or function-designator contained in the algorithm of an activation and thit specifies
an activation of a block shall be designated the activation-point of the activation of the block.

6.2.3.5

All variables contained by an activation, except for those listed as program-parameters, and any result of
an activation, shall be totally-undefined at the commencement of that activation. The algorithn}, program-
points, variables, procedures, and functions, if any, shall exist until the termination of the activation.

6.3 Constant-definitions

A constant-definition shall introduce an identifier to denote a value.
constant-definition = identifier ‘=’ constant .

constant = [ sign ] ( unsigned-number | constant-idefitifier )
| character-string .

constant-identifier = identifier .

The occurrence of an identifier in a constant-definition of a constant-definition-part of a block shall constitute
its defining-point for the region that is the block. The constant in a constant-definition shall not contain
an applied occurrence of the identifier in the constant-definition. Each applied occurrénce of thgt identifier
shall be a constant-identifier and shall denote the value denoted by the constant of the constanttdefinition.
A constant-identifier in a constant containing an occurrence of a sign shall have been defined {o denote a
value of real-type or of integer-type. The required constant-identifiers shall be as specified(in §.4.2.2 and

6.7.2.2.

6.4 Type-definitions
6.4.1 General

A type-definition shall introduce an identifier to denote a type. Type shall be an attribute that is possessed
by every value and every variable. Each occurrence of a new-type shall denote a type that is distinct from
any other new-type.

type-definition = identifier ‘=’ type-denoter .

11
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type-denoter = type-identifier | new-type .
new-type = new-ordinal-type | new-structured-type | new-pointer-type .

The occurrence of an identifier in a type-definition of a type-definition-part of a block shall constitute its
defining-point for the region that is the block. Each applied occurrence of that identifier shall be a type-
identifier and shall denote the same type as that which is denoted by the type-denoter of the type-definition.
Except for applied occurrences in the domain-type of a new-pointer-type, the type-denoter shall not contain
an applied occurrence of the identifier in the type-definition.

Types shall|beclassified as simple-types, structured-types or pointer-types. The required type-identifiers
and corresppnding required types shall be as specified in 6.4.2.2 and 6.4.3.5.

simple-type‘idéntifier = type-identifier .
structured-type-identifier = type-identifier .
pointer-type-identifier-<Ctype-identifier .

{dentifier = identifier .

type

A type-iderftifier shall be considered ds.a-simple-type-identifier, a structured-type-identifier, or a pointer-
type-identifier, according to the type that'it’denotes.

6.4.2 SimpI]e-types

6.4.2.1 General

A simple-type shall determine an ordered set of values. A yalue of an ordinal-type shall have an integer
ordinal nunjber; the ordering relationship between any two such values of one type shall be the same as
that between their ordinal numbers. An ordinal-type-identifier shall denote an ordinal-type. A real-type-
identifier sHall denote the real-type.

simple-type = ordinal-type | real-type-identifier .
ordingl-type = new-ordinal-type | ordinal-type-identifier .
new-prdinal-type = enumerated-type | subrange-type .
ordinal-type-identifier = type-identifier .
real-fype-identifier = type-identifier .

6.4.2.2 Required simple-types
The follow]ng types shall exist

a) integer g, IIe i tifie epe attdenotetheinteger=type: ger=typ
shall be an ordinal-type. The values shall be a subset of the whole numbers, denoted as specified in
6.1.5 by signed-integer (see also 6.7.2.2). The ordinal number of a value of integer-type shall be the
value itself.

b) real-type. The required type-identifier real shall denote the real-type. The real-type shall be a
simple-type. The values shall be an implementation-defined subset of the real numbers, denoted as
specified in 6.1.5 by signed-real.

¢) Boolean-type. The required type-identifier Boolean shall denote the Boolean-type. The Boolean-
type shall be an ordinal-type. The values shall be the enumeration of truth values denoted by the
required constant-identifiers false and true, such that false is the predecessor of true. The ordinal

12
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numbers of the truth values denoted by false and true shall be the integer values 0 and 1 respectively.

d) char-type. The required type-identifier char shall denote the char-type. The char-type
ordinal-type. The values shall be the enumeration of a set of implementation-defined

shall be an
characters,

some possibly without graphic representations. The ordinal numbers of the character values shall
be values of integer-type that are implementation-defined and that are determined by mapping the
character values on to consecutive non-negative integer values starting at zero. The following

relations shall hold.

1) The subset of character values representing the digits 0 to 9 shall be numerically ordered and

contiguous:

2) The subset of character values representing the upper case letters A to Z, if available, shall be

alphabetically ordered but not necessarily contiguous.

3) The subset of character values representing the lower case letters a to z, if available, shall be

alphabetically ordered but not necessarily contiguous.
NOTE — Operators,applicable to the required simple-types are specified in 6.7.2.
6.4.2.3 Enumerated-types

enumerated-type = “{’ identifier-list ‘)’

identifier-list = identifier.{-*, identifier } .

The occurrence of an identifier in the identifier-list of an enumerated-type shall constitute its defining-point

for the region that is the block closest-containing the enumerated-type. Each applied occurr

ence of the

identifier shall be a constant-identifier. Within an activation of the block, all applied occurrences of that

identifier shall possess the type denoted by the’enumerated-type and shall denote the type’s vi
ordinal number is the number of occurrences of identifiers preceding that identifier in the iden|

NOTE — Enumerated type constants are ordered by the sequércein which they are defined, and they havg
ordinal numbers starting at zero.

Examples:
(red, yellow, green, blue, tartan)
(club, diamond, heart, spade)
(married, divorced, widowed, single)
(scanning, found, notpresent)
(Busy, InterruptEnable, ParityError, OutOfPaper, LineBreak)

6.4.2.4 Subrange-types

alue whose
lifier-list.

consecutive

range. The

ﬁrst constant of a subrange-typc shall specnfy the smallest value,and thlsshall be less than or equal to the
largest value, which shall be specified by the second constant of the subrange-type. Both constants shall
be of the same ordinal-type, and that ordinal-type shall be designated the host-type of the subrange-type.

subrange-type = constant ‘..’ constant .

Examples:
1..100
-10..+10
red. .green
’ OI .. 17 9[

13
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6.4.3 Structured-types
6.4.3.1 General

A new-structured-type shall be classified as an array-type, record-type, set-type, or file-type according to
the unpacked-structured-type closest-contained by the new-structured-type. A component of a value of a
structured-type shall be a value.

structured-type = new-structured-type | structured-type-identifier .

new-structured-type = [ ‘packed’ ] unpacked-structured-type .

unpa¢kedsstructured-type = array-type | record-type |set-type |file-type .

The occurr¢nce ofthe.token packed in a new-structured-type shall designate the type denoted thereby as
packed. The designation of a structured-type as packed shall indicate to the processor that data-storage of
values shoyld be economized, even if this causes operations on, or accesses to components of, variables
possessing the type to be less efficient in terms of space or time.

The designation of a structured-type as packed shall affect the representation in data-storage of that
structured- only; i.e., if a compOnent is itself structured, the component’s representation in data-storage
shall be padked only if the type of the Component is designated packed.

NOTE — THe ways in which the treatment of €ntities of a type is affected by whether or not the type is designated
packed are specified in 6.4.3.2, 6.4.5, 6.6.3.3, 6.6.3.8, 6.6.5.4, and 6.7.1.

6.4.3.2 Arrpy-types

An array-type shall be structured as a mapping from each yalue specified by its index-type to a distinct
component] Each component shall have the type denoted by the type-denoter of the component-type of the

array-type.
arrayttype = ‘array’ [’ index-type { °,” index-type } ‘I’ ‘of”component-type .
index-type = ordinal-type .

component-type = type-denoter .

Example 1
arrpy [1..100] of real
arrpy [Boolean] of colour

An array-type that specifies a sequence of two or more index-types shall be an abbreviated-notation

NOTE — 1 Each of the following two examples thus contains different ways of expressing its array-type.

Example 2:
array [Boolean] of array [1..10] of array [size] of real
array [Boolean] of array [1..10, size] of real
array [Boolean, 1..10, size] of real
array [Boolean, 1..10] of array [size] of real

14
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Example 3:
packed array [1..10, 1..8] of Boolean
packed array [1..10] of packed array [1..8] of Boolean

Let i denote a value of the index-type; let V; denote a value of that component of the array-type that
corresponds to the value i by the structure of the array-type; let the smallest and largest values specified
by the index-type be denoted by m and n, respectively; and let k = (ord(n)-ord(m)+1) denote the number
of values specified by the index-type; then the values of the array-type shall be the distinct k-tuples of the
form

FAVA )

Y Yo

NOTE — 2 A value of an array-type does not therefore exist unless all of its component-values are defined. If the
component-type has ¢ values, then it follows that the cardinality of the set of values of the array-type is c [raised to the
power k.

Any type /designated packed and denoted by an array-type having as its index-type a denotation of a
subrange-type ‘specifying a smallest value of 1 and a largest value of greater than 1, and hdving as its
component-type,d denotation of the char-type, shall be designated a string-type.

The correspondence’ of-character-strings to values of string-types is obtained by relating the| individual
string-elements of the-character-string, taken in textual order, to the components of the values of the
string-type in order of incréasing index.

NOTE — 3 The values of a string-type possess additional properties which allow writing them to textfiles [see 6.9.3.6)
and define their use with relational-opérators (see 6.7.2.5).
6.4.3.3 Record-types
The structure and values of a record-type shall bejthe structure and values of the field-list of the record-type.
record-type = ‘record’ field-list ‘end’ .
field-list = [ ( fixed-part [ ‘;’ variant-part ] | vartiant-part )[ ¢’ ] ] .
fixed-part = record-section { °;’ record-section } .
record-section = identifier-list ‘:’ type-denoter .
field-identifier = identifier .
variant-part = ‘case’ variant-selector ‘of’ variant { °;’ variant } .
variant-selector = [ tag-field ‘’ ] tag-type .
tag-field = identifier .

variant = case-constant-list ‘> ‘(’ field-list )’ .

tag-type = ordinal-type-identifier .
case-constant-list = case-constant { °,” case-constant } .

case-constant = constant .

A field-list containing neither a fixed-part nor a variant-part shall have no components, shall define a single
null value, and shall be designated empty.

The occurrence of an identifier in the identifier-list of a record-section of a fixed-part of a field-list shall
constitute its defining-point as a field-identifier for the region that is the record-type closest-containing the

15
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field-list an

d shall associate the field-identifier with a distinct component, which shall be designated a field,

of the record-type and of the field-list. That component shall have the type denoted by the type-denoter of
the record-section.

The field-list closest-containing a variant-part shall have a distinct component that shall have the values
and structure defined by the variant-part.

Let V; denote the value of the i-th component of a non-empty field-list having m components; then the
values of the field-list shall be distinct m-tuples of the form

(V1, Va

NOTE —1
Fy *Fp * ...

A tag-type

denote the ¥

The type of]

Vo)

IL thetype of the i-th component has F; values, then the cardinality of the set of values of the field-list is
* Fu)

thall be the type denoted by the ordinal-type-identifier of the tag-type. A case-constant shall
alue denoted/by the constant of the case-constant.

each case-constantin the case-constant-list of a variant of a variant-part shall be compatible

with the tag-type of the variant‘sélector of the variant-part. The values denoted by all case-constants of

a type that

be equal to

case-cons

With each
If the vari

which shall|

a tag-field,
identifier

shall associ

field of the
Each vari

is required to be compatible with a given tag-type shall be distinct and the set thereof shall
the set of values specified by the tag-type. The values denoted by the case-constants of the
t-list of a variant shall be designated as corresponding to the variant.

iant-part shall be associated a type designated the selector-type possessed by the variant-part.
t-selector of the variant-part contains.a tag-field, or if the case-constant-list of each variant of

shall be a new ordinal-type that is constructed to/pgssess exactly one value for each variant of
art, and no others, and each such variant shall be associated with a distinct value of that type.

t-part shall have a component which shall be designatéd the selector of the variant-part, and
possess the selector-type of the variant-part. If the variant-selector of the variant-part contains
then the occurrence of an identifier in the tag-field shall constitute the defining-point of the
a field-identifier for the region that is the record-type closest-containing the variant-part and
the field-identifier with the selector of the variant-part. The selector.shall be designated a
record-type if and only if it is associated with a field-identifier.

t of a variant-part shall denote a distinct component of the variant-part; the component shall

have the values and structure of the field-list of the variant, and shall be associated with those values
specified by the selector-type possessed by the variant-part associated with the variant. The value of the

selector of

state that sHi

The values
(k, X,

e variant-part shall cause the associated variant and component of the variant-partocbe in a
all be designated active.

of a variant-part shall be the distinct pairs

3
¢/

where k represents a value of the selector of the variant-part, and X} is a value of the field-list of the active
variant of the variant-part.

NOTES

2 If there are n values specified by the selector-type, and if the field-list of the variant associated with the i-th value
has T; values, then the cardinality of the set of values of the variant-part is (T; + Tz + ... + T,). There is no component
of a value of a variant-part corresponding to any non-active variant of the variant-part.

3 Restrictions placed on the use of fields of a record-variable pertaining to variant-parts are specified in 6.5.3.3, 6.6.3.3,

and 6.6.5.3.

16
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Examples:
record
year : 0..2000;
month : 1..12;
day : 1..31
end

record

name, firstname : string;
:gg . 0 00’-

case married : Boolean of
true : (Spousesname : string);
false : ()
end

record
X, (y': real;
area (:)'real;
case shape of
triangle :
(side :‘.real; inclination, anglel, angle2 : angle);
rectangle :
(sidel, side2/) real; skew : angle);
circle :
(diameter : real)4
end

6.4.3.4 Set-types

A set-type shall determine the set of values that is structured as the power set of the base-type of
Thus, each value of a set-type shall be a set whose members shall be unique values of the bas

set-type = ‘set’ ‘of’ base-type .
base-type = ordinal-type .

NOTE — 1 Operators applicable to values of set-types are specified in 6.7.2.4.

Examples:
set of char
set of (club, diamond, heart, spade)

NOTE — 2 If the base-type of a set-type has b values, then the cardinality of the set of values is 2raised
b.

e set-type.
-type.

lo the power

For each ordinal-type T that is not a subrange-type, there shall exist both an unpacked set-type designated
the unpacked-canonical-set-of-T-type and a packed set-type designated the packed-canonical-set-of-T-type.
If S is any subrange-type and T is its host-type, then the set of values determined by the type set of S shall
be included in the sets of values determined by the unpacked-canonical-set-of-T-type and by the packed-

canonical-set-of-T-type (see 6.7.1).

6.4.3.5 File-types

NOTE — 1 A file-type describes sequences of values of the specified component-type, together with a current position

in each sequence and a mode that indicates whether the sequence is being inspected or generated.

17
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file-type = ‘file’ ‘of’ component-type .

A type-denoter shall not be permissible as the component-type of a file-type if it denotes either a file-type
or a structured-type having any component whose type-denoter is not permissible as the component-type
of a file-type.

Examples:
file of real
file of vector

A file-type $hall define implicitly a type designated a sequence-fype having exactly those values, which
shall be designated sequences, defined by the following five rules in items a) to €).

NOTE — 2 The nofatién x~y represents the concatenation of sequences x and y. The explicit representation of
sequences (e.g., S(c)), of concatenation of sequences; of the first, last, and rest selectors; and of sequence equality is
not part of the Pascal language; These notations are used to define file values, below, and the required file operations
in 6.6.5.2 and 6.6.6.5.

a) S() shall be a value of the’sequence-type S and shall be designated the empty sequence. The empty
sequepce shall have no components.

b) Let ¢ be a value of the specified'component-type and let x be a value of the sequence-type S; then
S(c) shall be a sequence of type S, consisting of the single component-value ¢, and both S(c)~x and
x~S(c) shall be sequences, distinct from S( ), of type S.

¢) Let ¢,|S, and x be as in b), let y denote the-séquence S(c)~x and let z denote the sequence x~S(c);
then the notation y.first shall denote ¢ (i.e., the'firSt component-value of y), y.rest shall denote x (i.e.,
the sefjuence obtained from y by deleting the first component), and z.last shall denote c (i.e., the last
comppnent-value of z).

d) Let x|and y each be a non-empty sequence of type S; theén x =y shall be true if and only if both
(x.firsk = y.first) and (x.rest = y.rest) are true. If x or y is the.empty sequence, then x = y shall be
true if and only if both x and y are the empty sequence.

e) Let x,'y, and z be sequences of type S; then x ~(y ~z) = (x~y)~z, S(-)~x = X, and x~S( ) = x shall be
true.

A file-type glso shall define implicitly a type designated a mode-type having exactly.two values, which are
designated Inspection and Generation.

NOTE — 3 The explicit denotation of the values Inspection and Generation is not part of the Pascallanguage.

A file-type shall be structured as three components. Two of these components, designated f.L. and £R, shall
be of the implicit sequence-type. The third component, designated £.M, shall be of the implicit mode=type.

Let fL and f.R each be a single value of the sequence-type and let £ M be a single value of the mode-type;
then each v3lue of the file-type shall be a distinct triple of the form

(f.L, £.R, f.M)

where f.R shall be the empty sequence if f.M is the value Generation. The value, f, of the file-type shall
be designated empty if and only if f1~f.R is the empty sequence.

NOTE — 4 The two components, f.L. and f.R, of a value of the file-type may be considered to represent the single
sequence f.L ~f.R together with a current position in that sequence. If f.R is non-empty, then f.R first may be considered

the current component as determined by the current position; otherwise, the current position is the end-of-file position.

There shall be a file-type that is denoted by the required structured-type-identifier text. The structure of
the type denoted by text shall define an additional sequence-type whose values shall be designated lines. A
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line shall be a sequence cs ~S(end-of-line), where cs is a sequence of components possessing the char-type,
and end-of-line shall represent a special component-value. Any assertion in clause 6 that the end-of-line
value is attributed to a variable other than a component of a sequence shall be construed as an assertion
that the variable has attributed to it the char-type value space. If 1is a line, then no component of 1 other
than Llast shall be an end-of-line. There shall be an implementation-defined subset of the set of char-type
values, designated characters prohibited from textfiles; the effect of causing a character in that subset to
be attributed to a component of either t.L or t.R for any textfile t shall be implementation-dependent.

A line-sequence, 1s, shall be either the empty sequence or the sequence 1 ~ 1s’ where 1 is a line and 1s’ is a
line-sequence.

Every value t of the type denoted by text shall satisfy the following two rules:
a) If t M = Inspection, then t.L ~t.R shall be a line-sequence.

b).Jf .M = Generation, then t.L ~t.R shall be Is ~cs, where Is is a line-sequence and cs is o sequence
of components possessing the char-type.

NOTE — 5 Inrule b), cs may be considered, especially if it is non-empty, to be a partial line that is bei generated.

Such a partial liné,cannot occur during inspection of a file. Also, cs does not correspond to t.R, since t.R fs the empty
sequence if t M = Generation.

A variable that possesses_ the type denoted by the required type-identifier text shall be designated a textfile.
NOTE — 6 All required procedures and functions applicable to a variable of type file of char are applicablg to textfiles.
Additional required procedures and(functions, applicable only to textfiles, are defined in 6.6.6.5 and 6.9.
6.4.4 Pointer-types

The values of a pointer-type shall consist of asingle nil-value and a set of identifying-values each dentifying
a distinct variable possessing the domain-type of the new-pointer-type. The set of identifying-values shall
be dynamic, in that the variables and the values identifying them shall be permitted to be greated and
destroyed during the execution of the program. Idéntifying-values and the variables identifigd by them
shall be created only by the required procedure new (se€/6.6.5.3).

NOTE — 1 Since the nil-value is not an identifying-value, it does not identify a variable.
The token nil shall denote the nil-value in all pointer-types.
pointer-type = new-pointer-type | pointer-type-identifier .
new-pointer-type = ‘1’ domain-type .

domain-type = type-identifier .

NOTE — 2 The token nil does not have a single type, but assumes a suitable pointer-type to satisfy-the pssignment-
compatibility rules, or the compatibility rules for operators, if possible. rj

6.4.5 Compatible types
Types T1 and T2 shall be designated compatible if any of the following four statements is true:
a) T1 and T2 are the same type.

b) T1 is a subrange of T2, or T2 is a subrange of T1, or both T1 and T2 are subranges of the same
host-type.

¢) T1 and T2 are set-types of compatible base-types, and either both T1 and T2 are designated packed
or neither T1 nor T2 is designated packed.
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d) T1 and T2 are string-types with the same number of components.

6.4.6 Assignment-compatibility

A value of type T2 shall be designated assignment-compatible with a type T1 if any of the following five
statements is true:

a) T1 and T2 are the same type, and that type is permissible as the component-type of a file-type (see
6.4.3.5).

b) T1 is the real-type and T2 is the integer-type.

c) Tl T2 are compatible ordinal-types, and the value of type T2 is in the closed interval specified
by thg type T1, '

dT1 T2 are compatible set-types, and all the members of the value of type T2 are in the closed
intervial specified by the base-type of T1.

e) T1 anfl T2 are compatible string-types.
At any pl:j where the rule of assignment-compatibility is used

a) it shall be an error if T1 and T2 are"compatible ordinal-types and the value of type T2 is not in the
closed interval specified by the typeTi,

b) it shall be an error if T1 and T2 are compatible set-types and any member of the value of type T2 is
not in the closed interval specified by the base-type of the type T1.

At any placg where the rule of assignment-compatibility<is used to require a value of integer-type to be
assignment-compatible with a real-type, an implicit integer-to-real conversion shall be performed.

6.4.7 Example of a type-definition-part

type
natural # 0..maxint;
count = integer;
range = Linteger;
colour =| (red, yellow, green, blue);
sex = (male, female);
year = 1500..1999;
shape = [(triangle, rectangle, circle);
punchedcard = array [1..80] of char;
charsequence = file of char;
polar = frecord
r : real;
theta : angle

erd?
indextype = 1..limit;
vector = array [indextype] of real;

person = | persondetails;

persondetails = record
name, firstname : charsequence;
age : natural;
married : Boolean;
father, child, sibling : person;
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case s : sex of

male :

(enlisted, bearded : Boolean);

female :

(mother, programmer : Boolean)
end;

FileOfInteger = file of integer;

NOTE — In the above example count, range, and integer denote the same type. The types denoted

by year and

natural are compatible with, but not the same as, the type denoted by range, count, and integer.

6.5'Declarations and denotations of variables
6.5.1 Variable-declarations

A variable shall be an entity to which a value can be attributed (see 6.8.2.2). Each identifier in th
list of a variable-declaration shall denote a distinct variable possessing the type denoted by the ty
of the variable-declaration.

variable-declaration = identifier-list ‘:’ type-denoter .

e identifier-
rpe-denoter

The occurrence of an identifier in the identifier-list of a variable-declaration of the variable-declgration-part

of a block shall constitute its.defining-point as a variable-identifier for the region that is the
structure of a variable possessing a/structured-type shall be the structure of the structured-typs
a variable-access shall be an access, 'at the time of the use, to the variable thereby denoted.

block. The
e. A use of
A variable-

access, according to whether it is an eritire-variable, a component-variable, an identiﬁed—verable, ora
i

buffer-variable, shall denote a declared variable, a component of a variable, a variable that is
a pointer value (see 6.4.4), or a buffer-variable, respectively.

variable-access = entire-variable | component-variable | identified-variable
| buffer-variable .

Example of a variable-declaration-part:

var
X, ¥, Z, max : real;

i, j : integer;

k :0..9;

P, 49, r : Boolean;

operator : (plus, minus, times);
a : array [0..63] of real;

¢ : colour;

f : file of char;

entified by

huel, hue2 : set of colour;

pl, pZ : person;

m, ml, m2 : array [1..10, 1..10] of real;
coord : polar;

pooltape : array [1..4] of FileOfInteger;

date : record
month : 1..12;
year : integer
end;

NOTE — Variables occurring in examples in the remainder of this International Standard should be assu

med to have
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been declared as specified in the above example.

6.5.2 Entire

entire-variable =

-variables

variable-identifier .

variable-identifier = identifier .

6.5.3 Component-variables

653.1 Genjral

A compone
variable. A |
respectively
of the value,

t of @ variable shall be a variable. A component-variable shall denote a component of a
reference/Or an access to a component of a variable shall constitute a reference or an access,
to the variable, The value, if any, of the component of a variable shall be the same component
if any, of the variable.

compq@nent-variable = ‘indexed-variable | field-designator .

6.5.3.2 Inde

ed-variables

A componerjt of a variable possessing an array-type shall be denoted by an indexed-variable.

indexqd-variable = array-variable ‘[’ ind¢x=expression, { °,” index-expression } ‘I’ .
array-jariable = variable-access .
index{expression = expression .

An array-vdriable shall be a variable-access that denotes a variable possessing an array-type. For an

indexed-var
assignment-
variable sh:

the type po

Example 1:
a[l3
ali
m[k]

If the array
form, a sing

able closest-containing a single index-expression, the yalue of the index-expression shall be
compatible with the index-type of the array-type. The ¢omponent denoted by the indexed-

be the component that corresponds to the value of the indéx-expression by the mapping of
essed by the array-variable (see 6.4.3.2).

]
+ 3]

variable is itself an indexed-variable, an abbreviation shall be permitted. In the abbreviated

e comma shall replace the sequence ] [ that occurs in the full form. The abbreviated form and

the full fo

shall be equivalent.

The order of both the evaluation of the index-expressions of, and the access to the array-variable of,”an
indexed-varjable shall be implementation-dependent.

Example 2:
m[k]
m[k,

(1]
1]

NOTE — These two examples denote the same component-variable.

6.5.3.3 Field-designators

A field-designator either shall denote that component of the record-variable of the field-designator associated
(see 6.4.3.3) with the field-identifier of the field-specifier of the field-designator or shall denote the variable
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denoted by the field-designator-identifier (see 6.8.3.10) of the field-designator. A record-variable shall be
a variable-access that denotes a variable possessing a record-type.

The occurrence of a record-variable in a field-designator shall constitute the defining-point of the field-
identifiers associated with components of the record-type possessed by the record-variable, for the region
that is the field-specifier of the field-designator.

ficld-designator = record-variable ‘.’ field-specifier | field-designator-identifier .

record-variable = variable-access .

- 1 = cld-iaenuner .

Examples:
p21.mother
coord.theta

An access to'a component of a variant of a variant-part, where the selector of the variant-part is|not a field,
shall attribute €O the selector that value associated (see 6.4.3.3) with the variant. It shall be an drror unless
a variant is active(for the entirety of each reference and access to each component of the variapt.

When a variant becomes, non-active, all of its components shall become totally-undefined.

NOTE — If the selector of a'varjant-part is undefined, then no variant of the variant-part is active.

6.5.4 Identified-variables

An identified-variable shall denote the variable, if any, identified by the value of the pointer{variable of
the identified-variable (see 6.4.4 and 6.6.5.3) shall be accessible until the termination of the agtivation of
the program-block or until the variable is made inaccessible (see the required procedure dispoge, 6.6.5.3).

NOTE — The accessibility of the variable also dependson the existence of a pointer-variable that has atfributed to it
the corresponding identifying-value.

A pointer-variable shall be a variable-access that denotes’a variable possessing a pointer-type.| It shall be
an error if the pointer-variable of an identified-variable either-denotes a nil-value or is undefined| It shall be
an error to remove from the set of values of the pointer-type the-identifying-value of an identified-variable
(see 6.6.5.3) when a reference to the identified-variable exists.

Examples:
128}
pll.father?
pll.siblingf.father]

6.5.5 Buffer-variables

file-variable-shall be-a-variable ss-that-d a-va ossessing—a-file-type—A-buffer-variable
shall denote a variable associated with the variable denoted by the file-variable of the buffer-variable. A
buffer-variable associated with a textfile shall possess the char-type; otherwise, a buffer-variable shall
possess the component-type of the file-type possessed by the file-variable of the buffer-variable.

riable-sh Q - 27 SRHOtS P

buffer-variable = file-variable ‘1° .

file-variable = variable-access .
Examples:

inputf
pooltape([2]T
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It shall be an error to alter the value of a file-variable f when a reference to the buffer-variable 1 exists.
A reference or an access to a buffer-variable shall constitute a reference or an access, respectively, to the
associated file-variable.

6.6 Procedure and function declarations

6.6.1 Procedure-declarations

procedure-declaration = procedure-heading °;” directive
|__procedure-identification ‘;* procedure-block

| procedure-heading ‘;’ procedure-block .

procgdure<heading = ‘procedure’ identifier [ formal-parameter-list ] .

procgdure-identification = ‘procedure’ procedure-identifier .

procgdure-identifier/ = identifier .
ure-block = block

The occurr¢nce of a formal-parametet-listin a procedure-heading of a procedure-declaration shall define the
formal-pargmeters of the procedure-bleck;,if any, associated with the identifier of the procedure-heading
to be those|of the formal-parameter-list.

nce of an identifier in the procedure=heading of a procedure-declaration shall constitute its
defining-pqint as a procedure-identifier for the region that is the block closest-containing the procedure-

declaration

Each identifier having a defining-point as a procedure-identifier in a procedure-heading of a procedure-
declaration|in which the directive forward occurs shall have.exactly one of its applied occurrences in a
procedure-identification of a procedure-declaration, and this applied occurrence shall be closest-contained
by the pr ure-and-function-declaration-part closest-containing the procedure-heading.

The occurrgnce of a procedure-block in a procedure-declaration shall associate the procedure-block with
the identifier in the procedure-heading, or with the procedure-identifier in/the procedure-identification, of
the procedyre-declaration.

There shall be at most one procedure-block associated with a procedure-identifier.
Examples of procedure-and-function-declaration-parts:

Example 1
NOTE — This example is not for level 0.

prgcedure AddvVectors (var A, B, C : array [low..high : natural] of real);
var

i—Tmatural;
begin

for i := low to high do A[i] := B[i] + C[i]
end { of AddVectors };

Example 2:
procedure readinteger (var f : text; var x : integer);
var

i : natural;
begin
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while fT = ' '/ do get(f);
{The buffer-variable contains the first non-space char}
i :=0;
while £1 in [’0’..79'] do begin
i = (10 * i) + (ord(fl) - oxd('0’));
get (f)
end;
{The buffer-variable contains a non-digit}
X =3

{0f—course—if there—are no—digits—x—issere}
[ >

end;

procedure bisect (function f(x : real) : real;
a, b ¢ real;
var result : real);

{This procedure attempts to find a zero of f(x) in (a,b) by
the\method of bisection. It is assumed that the procedure is
called 'with suitable values of a and b such that

(f(a) < 0) and (£(b) >= 0)
The estimate. is returned in the last parameter.}

const

eps = le-10;
var

midpoint : real;
begin

{The invariant P is trué by calling assumption}

midpoint := a;

while abs(a - b) > eps * abs(a) do begin

midpoint := (a + b) / 2;

if f(midpoint) < 0 then a := midpoint

else b := midpoint

{Which re-establishes the invariant:

P = (f(a) < 0) and (£(b) >= 0)

and reduces the interval (a,b) provided that the

value of midpoint is distinct from both a and b.}
end;

{P together with the loop exit condition assures that a zero

is contained in a small subinterval. Return the midpoint as

the zero.}
result := midpoint
end;

procedure PrepareForAppending (var £ : FileOfInteger);

{This procedure takes a file fmany state suitable for reset and —
places it in a condition for appending data to its end. Simpler
conditioning is only possible if assumptions are made about the
initial state of the file. }

var
LocalCopy : FileOfInteger;

procedure CopyFiles (var from, into : FileOflInteger):;
begin

reset (from); rewrite(into);

while not eof (from) do begin
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into] := froml;
put (into); get (from)
end

end { of CopyFiles };

begin { of body of PrepareForAppending }
CopyFiles(f, LocalCopy);
CopyFiles (LocalCopy, f)

end { of PrepareForAppending };

6.6.2 Functjon-declarations

functipn-dec¢laration = function-heading ;* directive
| function-identification ‘;* function-block
| function-heading °;* function-block .

functipn-heading = “function’ identifier [ formal-parameter-list ] *:" result-type .
functipn-identification = ¢function’ function-identifier .

funclIn-identiﬁer = identifier (.

resultitype = simple-type-identifier/| pointer-type-identifier .
functipn-block = block .

The occurrepce of a formal-parameter-list in a functiof-heading of a function-declaration shall define the
formal-parameters of the function-block, if any, associated with the identifier of the function-heading to
be those of fhe formal-parameter-list. The function-block shall contain at least one assignment-statement
such that th¢ function-identifier of the assignment-statement is‘associated with the block (see 6.8.2.2).

The occurrence of an identifier in the function-heading of a function-declaration shall constitute its defining-
point as a fynction-identifier associated with the result type denoted by the result-type for the region that
is the block [closest-containing the function-declaration.

Each identifier having a defining-point as a function-identifier in the function-heading of a function-
declaration jn which the directive forward occurs shall have exactly one of ‘its.applied occurrences in
a function-ifentification of a function-declaration, and this applied occurrence shall-be closest-contained

There shall pe at most one function-block associated with a function-identifier.

Example of tlaration=part:
function Sqrt (x : real) : real;
{This function computes the square root of x (x > 0) using Newton’s
method. }
var
old, estimate : real;
begin
estimate := x;
repeat
old := estimate;
estimate := (old + x / old) * 0.5;
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until abs(estimate - old) < eps * estimate;
{eps being a global constant}

Sqrt := estimate

end { of Sqrt };

function max (a : vector) : real;
{This function finds the largest component of the value of a.}
var
largestsofar : real;
————fence—i—indextypes
begin

largestsofar := a[l];
{Establishes largestsofar = max(a[l])}
for fence := 2 to limit do begin
if largestsofar < a[fence] then largestsofar := a[fence]

{Re-establishing largestsofar = max(a[l], ... ,a[fence])}
end;
{So now largestsofar = max(a[l], ... ,a[limit])}

max :='largestsofar
end { of max'};

function GCD (m, n : natural) : natural;
begin

if n=0 then GCD :='m else GCD := GCD(n, m mod n);
end;

{The following two functions dnalyze a parenthesized expression and
convert it to an internal form.“They are declared forward

since they are mutually recursive;/i.e., they call each other.
These function-declarations use the following identifiers that are not

defined in this International Standard+/formula, IsOpenParenthesis, |IsOperator,
MakeFormula, nextsym, operation, ReadElement, ReadOperator, and

SkipSymbol. }
function ReadExpression : formula; forward;
function ReadOperand : formula; forward;

function ReadExpression; {See forward declaration of heading.}
var
this : formula;
op : operation;
begin
this := ReadOperand;
while IsOperator (nextsym) do
begin
op := ReadOperator;
this := MakeFormula(this, op, ReadOperand):;
end;
ReadExpression := this
end;
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function ReadOperand; {See forward declaration of heading.}
begin

if IsOpenParenthesis(nextsym) then

begin

SkipSymbol;

ReadOperand := ReadExpression;

{nextsym should be a close-parenthesis}

SkipSymbol

end

6.6.3 Paranjeters
6.6.3.1 Gengral

The identifi¢r-list in a value-parameter-specification shall be a list of value parameters. The identifier-list
in a variable-parameter-specification-shall be a list of variable parameters.

formal-parameter-list = °(’ formal-parameter-section { °;’ formal-parameter-section } )’ .

formdl-parameter-section > value-parameter-specification

| variable-patameter-specification

| procedural-parameter-specification
| functional-parameter-specification .

NOTE — 1 There is also a syntax rule for formal-parameter-section’in 6.6.3.7.1.

valuetparameter-specification = identifier-list ‘:’ type-identifier .
variable-parameter-specification = ‘var’ identifier-list *:” type-identifier .
procegdural-parameter-specification = procedure-heading .

functjonal-parameter-specification = function-heading .

An identifi

r defined to be a parameter-identifier for the region that is the formal-patameter-list of a
procedure-heading shall be designated a formal-parameter of the block of the procedure-block, if any,
associated with the identifier of the procedure-heading. An identifier defined to be a paraméter-identifier
for the regidn that is the formal-parameter-list of a function-heading shall be designated a formal-parameter
of the blocK of the function-block, if any, associated with the identifier of the function-heading.

The occ ce of an identifierin the identifier-list of a value-parameter-specification or a variable-paraméetér-
specificatiop shall constitute its defining-point as a parameter-identifier for the region that is the formal-
parameter-1 i L . L . o .
that is the block, if any, of which it is a formal-parameter.

The occurrence of the identifier of a procedure-heading in a procedural-parameter-specification shall constitute
its defining-point as a parameter-identifier for the region that is the formal-parameter-list closest-containing

it, and its defining-point as the associated procedure-identifier for the region that is the block, if any, of
which it is a formal-parameter.

The occurrence of the identifier of a function-headingin a functional-parameter-specification shall constitute
its defining-point as a parameter-identifier for the region that is the formal-parameter-list closest-containing
it, and its defining-point as the associated function-identifier for the region that is the block, if any, of
which it is a formal-parameter.
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NOTE — 2 If the formal-parameter-list is contained in a procedural-parameter-specification or a functional-parameter-
specification, there is no corresponding procedure-block or function-block.

6.6.3.2 Value parameters

The formal-parameter and its associated variable-identifier shall denote the same variable. The formal-
parameter shall possess the type denoted by the type-identifier of the value-parameter-specification. The
type possessed by the formal-parameter shall be one that is permitted as the component-type of a file-
type (see 6.4.3.5). The actual-parameter (see 6.7.3 and 6.8.2.3) shall be an expression whose value

is assignment-compatible with the type possessed by the formal-parameter. The current vhlue of the
expression shall be attributed upon activation of the block to the variable that is denoted by fhe formal-
parameter.

6.6.3.3 Variable parameters

the same as that'denoted by the type-identifier of the variable-parameter-specification, and the formal-
parameters shall also possess that type. The actual-parameter shall be accessed before the agtivation of
the block, and this access shall establish a reference to the variable thereby accessed during the entire
activation of the block;.the corresponding formal-parameter and its associated variable-identifier shall
denote the referenced variable during the activation.

The actual-parameter shall be a variable-access. The type possessed by the actual-parame:Fs shall be

An actual variable parameter shall not denote a field that is the selector of a variant-part. An actjial variable
parameter shall not denote a componeént of a variable where that variable possesses a type that is|designated
packed.

6.6.3.4 Procedural parameters

The actual-parameter (see 6.7.3 and 6.8.2.3) shall be’@procedure-identifier that has a defining-pojnt contained
by the program-block. The formal-parameter-list, if any,closest-contained by the formal-parameter-section
and the formal-parameter-list, if any, that defines the formal-parameters of the procedure denpted by the
actual-parameter shall be congruous, or neither formal-parameter-list shall occur. The formal-parameter
and its associated procedure-identifier shall denote the actual-parameter during the entire activation of the
block.

6.6.3.5 Functional parameters

The actual-parameter (see 6.7.3 and 6.8.2.3) shall be a function-identifier that has adefining-point contained
by the program-block. The formal-parameter-list, if any, closest-contained by the formal-paramgter-section
and the formal-parameter-list, if any, that defines the formal-parameters of the function dengted by the
actual-parameter shall be congruous, or neither formal-parameter-list shall occur. The tesult-type closest-
contained by the formal-parameter-section shall denote the same type as the result type of the function.

The formal-parameter and its associated function-identifier shall denote the actual-parameter during the
entire activation of the block.

6.6.3.6 Parameter list congruity

Two formal-parameter-lists shall be congruous if they contain the same number of formal-parameter-
sections and if the formal-parameter-sections in corresponding positions match. Two formal-parameter-
sections shall match if any of the following statements is true.

a) They are both value-parameter-specifications containing the same number of parameters and the
type-identifier in each value-parameter-specification denotes the same type.
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b) They are both variable-parameter-specifications containing the same number of parameters and the
type-identifier in each variable-parameter-specification denotes the same type.

¢) They are both procedural-parameter-specifications and the formal-parameter-lists of the procedure-
headings thereof are congruous.

d) They are both functional-parameter-specifications, the formal-parameter-lists of the function-
headings thereof are congruous, and the type-identifiers of the result-types of the function-headings
thereof denote the same type.

ol conrforman on a hoth rrable onforman AL

iflcations; and in both cases the conformant-array-parameter-specifications contain the same
¢r of parameters and equivalent conformant-array-schemas. Two conformant-array-schemas
e equivalent if all of the following four statements are true.

ere is a single index-type-specification in each conformant-array-schema.

e ordinal-type-identifier in each index-type-specification denotes the same type.

ither the (component) conformant-array-schemas of the conformant-array-schemas are
g¢quivalent or the type-identifiers of the conformant-array-schemas denote the same type.

ither both conformant-array-schemas are packed-conformant-array-schemas or both are
npacked-conformant-array-schémas.

NOTES
1 The abbre\lated conformant-array-schema and its corrésponding full form are equivalent (see 6.6.3.7).

2 For the staths of item e) above see 5.1 a), 5.1 b), 5.1¢), 5.2 a),.and 5.2 b).

6.6.3.7 Con[ormant array parameters

NOTE — Fot the status of this subclause see 5.1 a), 5.1 b), 5.1 ¢), 5.2 a),and 5.2 b).

6.6.3.7.1 Ge¢neral

The occurrence of an identifier in the identifier-list contained by a conformant-array-parameter-specification
te its defining-point as a parameter-identifier for the region that is the formal-parameter-list

conformant-array-parameter-specification = value-conformant-array-specification
| variable-conformant-array-specification .

value-conformant-array-specification = identifier-list ‘:’ conformant-array-schema .
variable-conformant-array-specification = ‘var’ identifier-list ‘" conformant-array-schema .

conformant-array-schema = packed-conformant-array-schema
| unpacked-conformant-array-schema .

packed-conformant-array-schema = ‘packed’ ‘array” ‘[’ index-type-specification ‘T’
‘of’ type-identifier .
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unpacked-conformant-array-schema =
‘array’ ‘[’ index-type-specification { °;’ index-type-specification } ‘|’
‘of’ ( type-identifier | conformant-array-schema ) .

index-type-specification = identifier ‘..” identifier ‘" ordinal-type-identifier .
factor > bound-identifier .

bound-identifier = identifier .

NOTE — 1 There are also syntax rules for formal-parameter-section in 6.6.3.1 and for factor in 6.7.1.

definition shall be permitted. In the abbreviated form, a single semicolon shall replace th¢ sequence

If/ajconformant-array-schema closest-contains a conformant-array-schema, then an abbreviatEl form of
] of array [ that occurs in the full form. The abbreviated form and the full form shall be equivplent.

Examples:
array[u..v : T1l] of array [j..k : T2] of T3
array [ui.v : T1; j..k : T2] of T3

Within the activation of the block, applied occurrences of the first identifier of an index-type-specification
shall denote the smallest value specified by the corresponding index-type (see 6.6.3.8) possegsed by the
actual-parameter, and applied occurrences of the second identifier of the index-type-specifidation shall
denote the largest value specified-by that index-type.

NOTE — 2 The object denoted by a bound-identifier is neither a constant nor a variable.

The actual-parameters (see 6.7.3 and 6.8:2.3) corresponding to formal-parameters that occur [in a single
conformant-array-parameter-specification shall all possess the same type. The type possesed by the
actual-parameters shall be conformable (see 6.623.8) with the conformant-array-schema, and the formal-
parameters shall possess an array-type which shall be distinct from any other type and which{shall have
a component-type that shall be the fixed-componentttype of the conformant-array-parameters| defined in
the conformant-array-parameter-specification and that shall have the index-types of the type possessed
by the actual-parameters that correspond (see 6.6.3.8) to therindex-type-specifications contained by the
conformant-array-schema contained by the conformant-array-parameter-specification. The type denoted by
the type-identifier contained by the conformant-array-schema contained by a conformant-array-parameter-
specification shall be designated the fixed-component-type of the conformant-array-parameters|defined by
that conformant-array-parameter-specification.

NOTE — 3 The type possessed by the formal-parameter cannot be a string-type (see 6.4.3.2) because it is[not denoted
by an array-type.

6.6.3.7.2 Value conformant arrays

The identifier-list in a value-conformant-array-specification shall be a list of value conformant arrays.

Each actual-parameter corresponding to a value formal-parameter shall be an expression. The value of
the expression shall be attributed before activation of the block to an auxiliary variable that the program
does not otherwise contain. The type possessed by this variable shall be the same as that possessed by the
expression. This variable shall be accessed before the activation of the block, and this access shall establish
a reference to the variable thereby accessed during the entire activation of the block; the corresponding
formal-parameter and its associated variable-identifier shall represent the referenced variable during the
activation. The fixed-component-type of a value conformant array shall be one that is permitted as the
component-type of a file-type.

If the actual-parameter contains an occurrence of a conformant-array-parameter, then for each occurrence
of the conformant-array-parameter contained by the actual-parameter, either
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a) the occurrence of the conformant-array-parameter shall be contained by a function-designator contained
by the actual-parameter; or

b) the occurrence of the conformant-array-parameter shall be contained by an indexed-variable contained
by the actual-parameter, such that the type possessed by that indexed-variable is the fixed-component-
type of the conformant-array-parameter.

NOTE — This ensures that the type possessed by the expression and the auxiliary variable will always be known and
that, as a consequence, the activation record of a procedure can be of a fixed size.

6.6.3.7.3 Variable conformant arrays

The identifi¢r-listin a variable-conformant-array-specification shall be a list of variable conformant arrays.
arameter’shall be a variable-access. The actual-parameter shall be accessed before the activation
of the block, and this'dccess shall establish a reference to the variable thereby accessed during the entire
activation of the block; the corresponding formal-parameter and its associated variable-identifier shall
denote the referenced variable during the activation. ‘

An actual- eter shall not denote a component of a variable where that variable possesses a type that
is designatefi packed.

6.6.3.8 COII'ormability
NOTE — 1 For the status of this subclause see 5.1'a),/5.1 b), 5.1 ¢), 5.2 a), and 5.2 b).

denoted by an array-type closest-containing a single index-type and a conformant-array-

shall be designated as corresponding. Given two conformant-array-schemas closest-
containing 3 single index-type-specification, then the two index-type-specifications shall be designated
as correspopding. Let T1 be an array-type with a single index-type and let T2 be the type denoted by
the ordinal-type-identifier of the index-type-specification of a confofmant-array-schema closest-containing
a single index-type-specification; then T1 shall be conformable with-the-conformant-array-schema if all

the following four statements are true.
a) The index-type of T1 is compatible with T2.

b) The smallest and largest values specified by the index-type of T1 lie within the closed interval
specified by T2.

c¢) The fomponent-type of T1 denotes the same type as that denoted by the type-identifier of the
conf¢rmant-array-schema or is conformable to the conformant-array-schema in the conformant-
arraylschema.

d) Eithdr T1 is not designated packed and the conformant-array-schema is an unpacked-conformant-
arrayl-schema, or T1 is designated packed and the conformant-array-schema is a packed-conformant-
arrayFschema.

NOTE — 2 The abbreviated and full forms of a conformant-array-schema are equivalent (see 6.6.3.7). The abbreviated
and full forms of an array-type are equivalent (see 6.4.3.2).

At any place where the rule of conformability is used, it shall be an error if the smallest or largest value
specified by the index-type of T1 lies outside the closed interval specified by T2.

6.6.4 Required procedures and functions

The required procedure-identifiers and function-identifiers and the corresponding required procedures and
functions shall be as specified in 6.6.5, 6.6.6, and 6.9.
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NOTE — Required procedures and functions do not necessarily follow the rules given elsewhere for procedures and

functions.

6.6.5 Required procedures
6.6.5.1 General

The required procedures shall be file handling procedures, dynamic allocation procedures and transfer

procedures.

6.6.5.2 File handling procedures

EXcept for the application of rewrite or reset to the program parameteré denoted by input or

putput, the

effects’of applying each of the file handling procedures rewrite, put, reset, and get to a.ﬁlﬁ\-;ariable f

shall be'defined by pre-assertions and post-assertions about f, its components f.L, f.R, and f.
associated buffer-variable fT. The use of the variable fO within an assertion shall be considered

the state or value,.as appropriate, of f prior to the operation, while f (within an assertion) shal}
variable after the-operation, and similarly for fOT and f{.

It shall be an error if(the stated pre-assertion does not hold immediately prior to any use of
operation. It shall be an error if any variable explicitly denoted in an assertion of equality is und
post-assertion shall hold prier to the next subsequent access to the file, its components, or its
buffer-variable. The post-assertions imply corresponding activities on the external entities, if ar]

, and the
o represent
denote the

the defined
efined. The
associated
y, to which

the file-variables are bound. These/activities, and the point at which they are actually performed, shall be

implementation-defined.

NOTE — In order to facilitate interactive terminal input and output, the procedure get (and other input
should be performed at the latest opportunity, and the procedure put (and other output procedures) should }
at the first opportunity. This technique has been called™lazy I/O’.

rewrite(f)
pre-assertion: true.

post-assertion: (fL = f.R = S()) and (f.M = Generation) and
(f7 is totally-undefined).

put(f)
pre-assertion: (f0.M = Generation) and (fO.L is not undefined) and{(fO.R = S()) and
(f01 is not undefined).

post-assertion: (f.M = Generation) and (f.L = (f0.L ~S(f01)) ) and (fR = S()) and
(f1 is totally-undefined).

reset(f)
pre-assertion: The components fO.L. and fO.R are not undefined.

procedures)
}e performed

post-assertion: (f.L = S()) and (fR = (f0.L ~f0.R ~X)) and
(f.M = Inspection) and
(if £R = S( ) then (f7 is totally-undefined) else (f] = f.R.first)),

where, if f possesses the type denoted by the required type-identifier text and if f0.L ~fO.R is not

empty and if (f0.L ~f0.R).last is not an end-of-line, then X shall be a sequence having an
component as its only component; otherwise, X = S( ).

get(f)
pre-assertion: (f0.M = Inspection) and (neither fO.L nor fO.R is undefined) and
(fO.R <> S()).

end-of-line
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post-assertion: (f.M = Inspection) and (f.L = (f0.L ~ S(fO.R.first))) and (f.R = fO.R.rest) and
(ffR=S()
then (f1 is totally-undefined)
else (fT= f.R first)).

When the file-variable f possesses a type other than that denoted by text, the required procedures read and
write shall be defined as follows.

read

write

Letf denote a ﬁle—vanable and vx yoe ,v,. denote vanable—accesses (n>—2), then the procedure-statement

the file-variable and establish a reference to that file-variable for the remaining execution of the
statement. The execution’of the statement shall be equivalent to

begin v := ffT; get(ff) end
wher¢ ff denotes the referenced file-variable.

NOTE — The variable-access is not a variable parameter. Consequently, it may be a component of a packed
structyire, and the value of the buffer-variable need only be assignment-compatible with it.

Let f|denote a file-variable and e;,....e, denote €xpressions (n>=2); then the procedure-statement
write(f,e1,...,6») shall access the file-variable and establish a reference to that file-variable for the
remaining execution of the statement. The execution of-the statement shall be equivalent to

Begin write(ff,e,); write(ff,e,,...,8,) end
where¢ ff denotes the referenced file-variable.

Let f[be a file-variable and e be an expression; then the procedure-statément write(f,e) shall access
the file-variable and establish a reference to that file-variable for the remaining execution of the
statethent. The execution of the write statement shall be equivalent to

Qegin ffT := e; put(ff) end

wherg ff denotes the referenced file-variable.

NOTHS

1 The fequired procedures read, write, readln, writeln, and page, as applied to textfiles, are described in-6.10.

2 Sincg the definitions of read and write include the use of get and put, the implementation-defined aspects of
their ist—assem’ons also apply.

3 A consequence of the definition of read and write is that the non-file parameters are evaluated in a left-to-right
order.

6.6.5.3 Dynamic allocation procedures

new(p)

34

shall create a new variable that is totally-undefined, shall create a new identifying-value of the
pointer-type associated with p, that identifies the new variable, and shall attribute this identifying-
value to the variable denoted by the variable-access p. The created variable shall possess the type
that is the domain-type of the pointer-type possessed by p.
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new(p:cl ’---rcn)

shall create a new variable that is totally-undefined, shall create a new identifying-value of the
pointer-type associated with p, that identifies the new variable, and shall attribute this identifying-
value to the variable denoted by the variable-access p. The created variable shall possess the record-
type that is the domain-type of the pointer-type possessed by p and shall have nested variants that

correspond to the case-constants c;,....c,. The case-constants shall be listed in order of

increasing

nesting of the variant-parts. Any variant not specified shall be at a deeper level of nesting than that

specified by cn.

It shall be an error if a variant of a variant-part within the new variable is active and

variant of the variant-part is one of the specified variants.

dispose(q)

a different

shall remove the identifying-value denoted by the expression q from the pointer-type of q. It shall

be an error if the identifying-value had been created using the form new(p,c; ,...,C,).

dispose(q ki km)
shall remove the identifying-value denoted by the expression q from the pointer-type
case-constants k;,....k, shall be listed in order of increasing nesting of the variant-parts.
an error unless)the variable had been created using the form new(p,c; ,...,C,) and m is
shall be an errorifithe variants in the variable identified by the pointer value of q are dif
those specified by(the values denoted by the case-constants K ,....K.

of q. The
It shall be

ton. It
erent from

NOTE — The removal of an identifying-value from the pointer-type to which it belongs renders the identified-variable

inaccessible (see 6.5.4) and makes undefined all variables and functions that have that value attributed (see
6.8.2.2).

It shall be an error if q has a nil-value ori§ undefined.

It shall be an error if a variable created using the second form of new is accessed by the identifi
of the variable-access of a factor, of an assignment-statement, or of an actual-parameter.

6.6.5.4 Transfer procedures

6.6.3.2 and

pd-variable

In the statement pack(a,i,z) and in the statement unpack(z.a.i),the following shall hold: a 3and z shall

be variable-accesses; a shall possess an array-type not designated.packed; z shall possess an
designated packed; the component-types of the types of a and z shall be the same; and the v,
expression i shall be assignment-compatible with the index-type of the'type of a.

array-type
ue of the

Let j and k denote auxiliary variables that the program does not otherwiseé,contain and that haye the type
that is the index-type of the type of z and a, respectively. Let u and v denote the Smallest and largest values
of the index-type of the type of z. Each of the statements pack(a,i,zZ) and unpack(z,a,i) shall establish
references to the variables denoted by a and z for the remaining execution of the statements; lef aa and zz,
respectively, denote the referenced variables within the following sentence. Then the ‘statement pack(a,i,z)

shall be equivalent to
begin
K:=i;
forj:=utovdo
begin
22[j] := aalk];
if j <> v then k := succ(k)
end
end

and the statement unpack(z,a,i) shall be equivalent to
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begin
k:= i;
forj:=utovdo
begin
aalk] := zZ[f];
if j <> v then k := succ(k)
end
end

NOTE — Eme wil-arise-tfthe-references-cannot-be-estabished,H-0ne-01-10 . = = bute o
assignment-cpriipatible with the index-type of the type of a, or if an evaluated array component is undefined.
6.6.6 Requi[ed functions

6.6.6.1 Gengral

The requirefl functions shall-b& arithmetic functions, transfer functions, ordinal functions, and Boolean
functions.

6.6.6.2 Ari![;metic functions

For the follpwing arithmetic functions, thé €xpression x shall be either of real-type or integer-type. For
the functiorjs abs and sqr, the type of the result-shall be the same as the type of the parameter, x. For
the remaining arithmetic functions, the result shall always be of real-type. The result shall be as shown in
table 2.

Table 2 — Arithmetic funetion results ’

Function Result
abs(x) absolute value of x
sqr(x) square of x
It shall be an error if such a value doe§ not exist.
sin(x) sine of x, where x is in radians
cos(x) cosine of x, where x is in radians
exp(x) base of natural logarithms raised to the power.x
In(x) natural logarithm of x, if x is greater than zero
It shall be an error if x is not greater than zero.
sqrt(x) non-negative square root of x, if x is not negative
It shall be an error if x is negative.
arctan(x) | principal value, in radians, of the arctangent of x

6.6.6.3 Trarsfer functions

trunc(x)
From the expression x that shall be of real-type, this function shall return a result of integer-type.
The value of trunc(x) shall be such that if x is positive or zero, then 0<x—trunc(x)<1; otherwise,
—1<x—trunc(x)<0. It shall be an error if such a value does not exist.

Examples:
trunc(3.5) {yields 3}
trunc(-3.5) {yields -3}

round(x)
From the expression x that shall be of real-type, this function shall return a result of integer-type.
If x is positive or zero, round(x) shall be equivalent to trunc(x+0.5); otherwise, round(x) shall be
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equivalent to trunc(x—0.5). It shall be an error if such a value does not exist.

Examples:
round(3.5) {yields 4}
round(-3.5) {yields -4}

6.6.6.4 Ordinal functions

ord(x)
From the expression x that shall be of an ordinal-type, this function shall return a result
type that shall be the ordinal number (see 6.4.2.2 and 6.4.2.3) of the value of the expres

chr(x)

of integer-
jion x.

From the expression x that shall be of integer-type, this function shall return a result df char-type

that shallbe the value whose ordinal number is equal to the value of the expression 3
character-value exists. It shall be an error if such a character value does not exist. For
ch, of char-type, it shall be true that

chr(ord(ch)) ‘= ch

succ(x)
From the expression x that-shall be of an ordinal-type, this function shall return a result t|
of the same type as that of thé expression (see 6.7.1). The function shall yield a value wh
number is one greater than thatof the expression x, if such a value exists. It shall be an €
a value does not exist.

pred(x)
From the expression x that shall be of an ordinal-type, this function shall return a result t]
of the same type as that of the expression (se€.6.7.1). The function shall yield a value wh)
number is one less than that of the expression’ X, if such a value exists. It shall be an err
value does not exist.

6.6.6.5 Boolean functions

odd(x)
From the expression x that shall be of integer-type, this function shall be-€quivalent to the]
(abs(x) mod 2 = 1).

eof(f)
The parameter f shall be a file-variable; if the actual-parameter-list is omitted, the fangti

., if such a
any value,

hat shall be
ose ordinal
rror if such

hat shall be
ose ordinal
pr if such a

expression

on shall be

applied to the required textfile inpuf (see 6.10) and the program shall contain a program-parameter-

list containing an identifier with the spelling input. When eof(f) is activated, it shall be

an error if

f is undefined; otherwise, the function shall yield the value true if f.R is the empty sequence (see

6.4.3.5); otherwise, false.
eoin(f)

The parameter f shall be a textfile; if the actual-parameter-list is omitted, the function shall be applied
to the required textfile input (see 6.10) and the program shall contain a program-parameter-list
containing an identifier with the spelling input. When eoln(f) is activated, it shall be an error if f
is undefined or if eof(f) is true; otherwise, the function shall yield the value true if f.R.first is an

end-of-line component (see 6.4.3.5); otherwise, false.
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6.7 Expressions
6.7.1 General

An expression shall denote a value. The use of a variable-access as a factor shall denote the value, if
any, attributed to the variable accessed thereby. When a factor is used, it shall be an error if the variable
denoted by a variable-access of the factor is undefined. Operator precedences shall be according to four
classes of operators as follows. The operator not shall have the highest precedence, followed by the
multiplying-operators, then the adding-operators and signs, and finally, with the lowest precedence, the
relational-operators. Sequences of two or more operators of the same precedence shall be left associative.

expreslsion = simple-expression [ relational-operator simple-expression ] .
simpl¢-expression = [ sign ] term { adding-operator term } .
term # factor'{/ multiplying-operator factor } .

factor| > variable-accéss | unsigned-constant | function-designator
| set-constructor| | ‘(* expression ‘)’ | ‘not’ factor .

NOTE — 1 There is also a syntax rule for factor in 6.6.3.7.1.
unsigned-constant = unsigned-number | character-string | constant-identifier | “nil* .
set-copstructor = ‘[’ [ member-designator { °,” member-designator } 1°7" .

member-designator = expression [ ‘..” expréssion ] .

any factor whose type is set of S shall be treated as if it were/of the unpacked-canonical-set-of-T-type, and

Any factor v‘}hosc type is S, where S is a subrange of T,‘shall be treated as if it were of type T. Similarly,
any factor whose type is packed set of S shall be treated as of ‘the packed-canonical-set-of-T-type.

A set-constrjictor shall denote a value of a set-type. The set-constructor [ ] shall denote the value in every
set-type contains no members. A set-constructor containing one.or more member-designators shall
denote either a value of the unpacked-canonical-set-of-T-type or, if the context so requires, the packed-
canonical-sdt-of-T-type, where T is the type of every expression of each member-designator of the set-
constructor. | The type T shall be an ordinal-type. The value denoted by the set“Constructor shall contain
zero or more members, each of which shall be denoted by at least one member-designator of the set-
Constructor.

-designator x, where x is an expression, shall denote the member that shall.be-the value of
ber-designator x..y, where x and y are expressions, shall denote zero or more members that

of the expressions of a member-designator shall be implementation-dependent. The order of

evaluation of the member-designators of a set-constructor shall be implementation-dependent.

NOTES

2 The member-designator x..y denotes no members if the value of x is greater than the value of y.

3 The set-constructor [ ] does not have a single type, but assumes a suitable type to satisfy the assignment-compatibility
rules, or the compatibility rules for operators, if possible.
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Examples:

a) Factors:
15
(x +y+ z)
sin(x + y)
[red, c, green]
[1, 5, 10..19, 23]
not p

b) Terms:
x _* ¥
i/ (1 -1i)

(x <= y) and (y < z)

c) «Simple Expressions:
porgq
x+y
-X
huel + hue2
i*3+1

d) Expressions:
x =1.5
p<=gq
P=qand r
<3 = (3 <k
¢ im huel

6.7.2 Operators

6.7.2.1 General
multiplying-operator = “** |/ | ‘div’ | ‘mod’ ‘|¢‘and’ .
adding-operator = ‘+” |‘=" | ‘or’ .

relational-operator = ‘=’ | ‘<>’ | ‘<’ | >’ | ‘<=" | ‘>=" | ‘in

A factor, a term, or a simple-expression shall be designated an operand The order of evaludtion of the
operands of a dyadic operator shall be implementation-dependent.

NOTE — This means, for example, that the operands may be evaluated in textual ordér;‘or in reverse|order, or in
parallel, or they may not both be evaluated.

6.7.2.2 Arithmetic operators

The types of operands and results for dyadic and monadic operations shall be as shown in tables 3 and 4
respectively.

NOTE — 1 The symbols +, —, and * are also used as set operators (see 6.7.2.4).

A term of the form x/y shall be an error if y is zero; otherwise, the value of x/y shall be the result of
dividing x by y.

A term of the form i div j shall be an error if j is zero; otherwise, the value of i div j shall be such that

abs(i) — abs(j) < abs((i div j) * j) <= abs(j)
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Table 3 — Dyadic arithmetic operations

Operator Operation | Type of operands Type of result
+ Addition integer-type
or real-type
- Subtraction integer-type integer-type if both operands
or real-type are of integer-type
* Multiplication | integer-type otherwise real-type
or real-type
/ Division integer-type real-type
or real-type
div Division with | integer-type integer-type
truncation
mod Modulo integer-type integer-type
Table 4 — Monadic arithmetic operations
Operator Operation Type of operand | Type of result
+ Identity integer-type integer-type
real-type real-type
- Sign-inversion | integer-type integer-type
real-type real-type

where the vhlue shall be zero if abs(i) < abs(j); othérwise, the sign of the value shall be positive if i and j
have the same sign and negative if i and j have different signs.

A term of the form i mod j shall be an error if j is zero or negative; otherwise, the value of i mod j shall
be that valug of (i—(k*j)) for integral k such that 0 <= i mod j&)j.

NOTE — 2 Qnly for i >= 0 and j > 0 does the relation (i div j) * j + i modj = i hold.

The requirefl constant-identifier maxint shall denote an implementation-defined value of integer-type. This
value shall $atisfy the following conditions.

a) All ir];egral values in the closed interval from —maxint to +maxint shall be'values of the integer-type.

b) Any monadic operation performed on an integer value in this interval shall be-Correctly performed
accorfling to the mathematical rules for integer arithmetic.

c) Any dyadic integer operation on two integer values in this same interval shall be correctly performed
accorfling to the mathematical rules for integer arithmetic, provided that the result is also in this
interval.

d) Any frelational operation on two integer values in this same interval shall be correctly performed
accorfling to the mathematical rules for integer arithmetic.

The results of integer-to-real conversion, of the real arithmetic operators and of the required real functions
shall be approximations to the corresponding mathematical results. The accuracy of this approximation
shall be implementation-defined.

It shall be an error if an integer operation or function is not performed according to the mathematical rules
for integer arithmetic.

6.7.2.3 Boolean operators

Operands and results for Boolean operations shall be of Boolean-type. The Boolean operators or, and, and
not shall denote respectively the logical operations of disjunction, conjunction, and negation.
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Table 5 — Set operations

Operator Operation Type of operands Type of result
+ Set union The same unpacked-canonical-set-of-T-type

- Set difference | or packed-canonical-set-of-T-type Same as operands
* Set intersection | (see 6.7.1)

Table 6 — Relational operations

Operator Type of operands Type of result

= <> Any simple-type, pointer-type, string-type, Boolean-type
unpacked-canonical-set-of-T-type
or packed-canonical-set-of-T-type

< > Any simple-type or string-type Boolean-type

<= >= Any simple-type, string-type, Boolean-type
unpacked-canonical-set-of-T-type
or packed-canonical-set-of-T-type

in Left operand: any ordinal-type T Boolean-type
right operand: the unpacked-canonical-set-of-T-type
or packed-canonical-set-of-T-type

Boolean-expression =" expression .

A Boolean-expression shall be an expression that denotes a value of Boolean-type.

6.7.2.4 Set operators
The types of operands and results for set operations,shall be as shown in table 5.

Where x denotes a value of the ordinal-type T andWand v are operands of a canonical-set-¢
shall be true for all x that

£-T-type, it

— x is a member of the value u+v if and only if it is a‘meémber of the value of u or a member of the

value of v;

— x is a member of the value u—v if and only if it is a member-of‘the value of u and not a
the value of v;

member of

— x is a member of the value u*v if and only if it is a member of the value of u and a member of the

value of v.

6.7.2.5 Relational operators

The types of operands and results for relational operations shall be as shown in table 6.

The operands of =, <>, <, >, >=, and <= shall be of compatible types, or they shall be of the same
unpacked-canonical-set-of-T-type or packed-canonical-set-of-T-type, or one operand shall be of real-type

and the other shall be of integer-type.

The operators =, <>, <, and > shall stand for equal to, not equal to, less than, and greater than respectively.

Except when applied to sets, the operators <= and >= shall stand for less than or equal to and greater than
or equal to respectively. Where u and v denote operands of a set-type, u <= v shall denote the inclusion

of uin v and u >= v shall denote the inclusion of v in u.

NOTE — Since the Boolean-type is an ordinal-type with false less than true, then if p and q are operands

of Boolean-
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type, p = q denotes their equivalence and p <= q means p implies q.

When the relational-operators = , <>, <, >, <=, and >= are used to compare operands of compatible

string-types

(see 6.4.3.2), they shall denote the lexicographic relations defined below. This lexicographic

ordering shall impose a total ordering on values of a string-type.

If s1 and s2 are two values of compatible string-types and n denotes the number of components of the
compatible string-types, then

s1 =s2 iff for all i in [1..n]: s1[i] = s2[i]

s1 <s2 iff
(for
s1

The definiti

The operato:
value of the

heresexists a p in [1..n]:
Itiin1,.p-11:
i] = s2[i])and s1[p] < s2[p]

ns of operations >, <>, <=, and >= are derived from the definitions of = and <.

in shall yield the value true if the value of the operand of ordinal-type is a member of the
et-type; otherwise; it shall yield the value false.

function-ideptifier of the function-designator and shall yield the value of the result of the activation upon

completion

of the algori

NOTE — Wh

f the algorithm of the activation; it shall’be an error if the result is undefined upon completion
thm.

en a function activation is terminated by a goto-statement (see 6.8.2.4), the algorithm of the activation

does not complete (see 6.2.3.2 a)), and thus there is no error if the résult of the activation is undefined.

The actual-

eter-list shall be the list of actual-parameters that shall be bound to their corresponding

If the functi%n has any formal-parameters, there shall be an actual parameter-list in the function-designator.

formal-p.

positions of]

number of

eters defined in the function-declaration. The correspondénce shall be established by the

the parameters in the lists of actual-parameters and formal-parameters respectively. The
tual-parameters shall be equal to the number of formal-parameters,”The types of the actual-

parameters $hall correspond to the types of the formal-parameters as specified by 6.6.3. The order of

evaluation,

essing, and binding of the actual-parameters shall be implementation-dependent.

functipn-designator = function-identifier [ actual-parameter-list ] .

actual
actual

Examples:

.parameter-list = *(* actual-parameter { °,” actual-parameter } )’ .

‘parameter = expression | variable-access | procedure-identifier
| function-identifier .

Sum(a, 63)
GCD (147, k)
sin(x + y)
eof (f)
ord (f1)

6.8 Statements
6.8.1 General

Statements shall denote algorithmic actions and shall be executable.
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NOTE — 1 A statement may be prefixed by a label.

A label, if any, of a statement S shall be designated as prefixing S. The label shall be permitted

to occur in

a goto-statement G (see 6.8.2.4) if and only if any of the following three conditions is satisfied.

a) S contains G.

b) S is a statement of a statement-sequence containing G.

¢) S is a statement of the statement-sequence of the compound-statement of the statement-part of a block

contaming G
statement = [ label ‘" ] ( simple-statement | structured-statement ) .

NOTE =2 A goto-statement within a block may refer to a label in an enclosing block, provided that the 13
a statement)at the outermost level of nesting of the block.
6.8.2 Simple-statements

6.8.2.1 General

A simple-statement shall bé’a statement not containing a statement. An empty-statement shall
symbol and shall denote no action:

simple-statement = empty-statement | assignment-statement
| procedure-statement | goto-statement .

empty-statement =

6.8.2.2 Assignment-statements

An assignment-statement shall attribute the value of the expression of the assignment-statement ¢

bel prefixes

contain no

ither to the

variable denoted by the variable-access of the assignment-statement or to the activation result tha

is denoted

by the function-identifier of the assignment-statement; the value-shall be assignment-compatibje with the

type possessed, respectively, by the variable or by the activation result, The function-block ass
6.6.2) with the function-identifier of an assignment-statement shall contain the assignment-stat

assignment-statement = ( variable-access | function-identifier ) “f=’)expression .

The variable-access shall establish a reference to the variable during the execttion of the a

iated (see
ment.

ssignment-

statement. The order of establishing the reference to the variable and evaluating the .expressipn shall be

implementation-dependent.

The state of a variable or activation result when the variable or activation result does not have a‘tributed to

it a value specified by its type shall be designated undefined. If a variable possesses a structured-type, the
state of the variable when every component of the variable is totally-undefined shall be designated totally-
undefined. Totally-undefined shall be synonymous with undefined for an activation result or a variable that

does not possess a structured-type.

Examples:
X =y + z
P := (1 <= i) and (i < 100)
i := sqr(k) - (i * j)
huel := [blue, succ(c)]
plf.mother := true
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6.8.2.3 Procedure-statements

A procedure-statement shall specify the activation of the block of the procedure-block associated with the
procedure-identifier of the procedure-statement. If the procedure has any formal-parameters, the procedure-
statement shall contain an actual-parameter-list, which is the list of actual-parameters that shall be bound
to their corresponding formal-parameters defined in the procedure-declaration. The correspondence shall
be established by the positions of the parameters in the lists of actual-parameters and formal-parameters
respectively. The number of actual-parameters shall be equal to the number of formal-parameters. The
types of the actual-parameters shall correspond to the types of the formal-parameters as specified by 6.6.3.

The order of evaluation, accessing, and binding of the actual-parameters shall be implemenaion-aependent. |

The procedjire<identifier in a procedure-statement containing a read-parameter-list shall denote the required
procedure fead; thé procedure-identifier in a procedure-statement containing a readln-parameter-list shall
denote the fequired procedure readln; the procedure-identifier in a procedure-statement containing a write-
parameter-liist shall denote the required procedure write; the procedure-identifier in a procedure-statement
containing 4 writeln-parametér-list shall denote the required procedure writeln.

procgdure-statement =-procedure-identifier ( [ actual-parameter-list ]
|'read-parameter-list | readln-parameter-list
| write-parameter-list | writeln-parameter-list ) .

Examples:
printheading
transpose(a, n, m)
bigect (fct, -1.0, +1.0, x)
Addvectors(m[1], m[2], m[k])

NOTE — The fourth example is not for level 0.

6.8.2.4 Goto-statements

A goto-stajement shall indicate that further processing is to continue at.the program-point denoted by the
label in the|goto-statement and shall cause the termination of all activations‘except

a) the activation containing the program-point; and

b) any activation containing the activation-point of an activation required by exceptions a) or b) not to
be terminated.

gotofstatement = ‘goto’ label .

6.8.3 Stru¢tured-statements

6.8.3.1 General
smwwmmmemmt

| repetitive-statement | with-statement .

statement-sequence = statement { *;’ statement } .

The execution of a statement-sequence shall specify the execution of the statements of the statement-
sequence in textual order, except as modified by execution of a goto-statement.
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6.8.3.2 Compound-statements

A compound-statement shall specify execution of the statement-sequence of the compound-statement.

compound-statement = ‘begin’ statement-sequence ‘end’ .

Example:
begin z := x; x = y; y := z end

6.8.3.3 Conditional-statements

conditional-statement = if-statement | case-statement .

6.8.3.4 If-statements
if‘statement = ‘if’ Boolean-expression ‘then’ statement [ else-part ] .
else-party= ‘else’ statement .

If the Boolean-expression of the if-statement yields the value true, the statement of the if-stattment shall
be executed. If the Boolean-expression yields the value false, the statement of the if-statement fhall not be

executed, and the statergent of the else-part, if any, shall be executed.

An if-statement without an €lse-part shall not be immediately followed by the token else.

NOTE — An else-part is thus paired-with the nearest preceding otherwise unpaired then.

Examples:
if x < 1.5 then z := x + y’else z := 1.5

if pl <> nil then pl := plf.father

if j = 0 then
if i = 0 then writeln(’indefinite’)
else writeln(’infinite’)

else writeln( i / j)

6.8.3.5 Case-statements

The values denoted by the case-constants of the case-constant-lists of the case-list-elementd
statement shall be distinct and of the same ordinal-type as the expression of-the case-index {
statement. On execution of the case-statement the case-index shall be evaluatéd) That valug

of a case-
f the case-
shall then

specify execution of the statement of the case-list-clement closest-containing the ‘case-constant denoting

that value. One of the case-constants shall be equal to the value of the case-index upon e
case-statement; otherwise, it shall be an error.

ntry to the

NOTE — Case-constants are not the same as statement labels.

case-statement = ‘case’ case-index ‘of’ case-list-element
{ ¢ case-list-element } [ ;" ] ‘end’ .

case-list-element = case-constant-list ‘:’ statement .

case-index = expression .
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Example:

case operator of

plus:
minus:
times:

end

X

X =x +y;
=X - y;
X =x %y

6.8.3.6 Repetitive-statements

Repetitive-stiteme

repetitlve-statement = repeat-statement | while-statement | for-statement .

6.8.3.7 Repe

at-statements

repeat{statement = ‘repeat’ statement-sequence ‘until’ Boolean-expression .

The stateme

execution ofj

it-sequence of the repeat-statement shall be repeatedly executed, except as modified by the

a goto-statement, until the Boolean-expression of the repeat-statement yields the value true

on completign of the statement-sequence. The statement-sequence shall be executed ‘at least once, because

the Boolean-

Example:

repept

k
i
3

untij

6.8.3.8 Whi

The while-s

while b @

shall be equ

begin
if b then
repeat
body

until not ()

end

Examples:

= i mod j;
= 3;
=k

L =0

e-statements

whilc]:tatement =

tement
o body

valent to

lexpression is evaluated after execution of the statement-sequence:

‘while’ Boolean-expression ‘do’ statement .

while i > 0 do
begin if odd(i) then z := z * x;

i
X

= i div 2;
:= sqr(x)

end

vhile not eof (f) do
begin process(ff); get(f)
end
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6.8.3.9 For-statements

The for-statement shall specify that the statement of the for-statement is to be repeatedly execu

ted while a

progression of values is attributed to a variable denoted by the control-variable of the for-statement.

for-statement = ‘for’ control-variable ‘:=’ initial-value ( ‘to’ | ‘downto’ ) final-value
‘do’ statement .

control-variable = entire-variable .

initial-value = expression .
final-value = expression .

The control-variable shall be an entire-variable whose identifier is declared in the variable-decl
of the block closest-containing the for-statement. The control-variable shall possess an ordin

the initial-value and final-value shall be of a type compatible with this type. (The initial-value an
value shall be assignment-compatible with the type possessed by the controlsvariable if the state]

ation-part
-type, and
d the final-
ment of the

for-statement is executed. After a for-statement is executed, other tharkbeing left by a goto-stafement, the

control-variable shall be undefined. Neither a for-statement nor any ‘procedure-and-function-d
part of the block that closest-contains a for-statement shall contain a statement threatening t
denoted by the control-variable of the for-statement.

A statement S shall be designated as threatening a variable'V if one or more of the following
is true.

a) S is an assignment-statement and V is denoted by the variable-access of S.

b) S contains an actual variable parameter, that denotes V.

eclaration-
he variable

statements

¢) S is a procedure-statement that specifies the activation of the required procedure read or the required

procedure readln, and V is denoted by variable-access of a read-parameter-list or readln
list of S.

d) S is a statement specified using an equivalent program fragment containing a statement
V.

Apart from the restrictions imposed by these requirements, the for-statement

for v := e1 to_e2.do body

parameter-

threatening

shall be equivalent to
begin
temp1 = ef;
temp2 := e2;
if temp1 <= temp2 then
hagin
v = tempi;
body;
while v <> temp2 do
begin
V = succ(v);
body
end
end
end

and the for-statement
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for v := e1 downto e2 do body

shall be equivalent to
begin
temp1 = el;
temp2 = e2;
if temp1 >= temp2 then
begin
Vv = temp1;
body;
while v x> temp2 do
begin
v = pred(v);
body
end
end
end
where temp]1 and temp2 denote auxiliary variables that the program does not otherwise contain, and that
possess the|type possessed by the variable v if that type is not a subrange-type; othérwise the host-type of
the type pojsessed by the variable v.
Examples:
for] i := 2 to 63 do
ilff a[i] > max then max := a[i]
for i := 1 to 10 do
for] j := 1 to 10 do
beigin
X |:=0;
for k := 1 to 10 do

:= x + ml[i k] * m2([k,3jl;

mili, j] := x

e

fog i := 1 to 10 do
fdr j := 1 to i --1do

[i1[3] := 0.0

for ¢ := blue\downto red do

q

)

6.8.3.10 With-statements

with-statement = ‘with’ record-variable-list ‘do’ statement .

record-variable-list = record-variable { °,” record-variable } .

field-designator-identifier = identifier .

A with-statement shall specify the execution of the statement of the with-statement. The occurrence of a
record-variable as the only record-variable in the record-variable-list of a with-statement shall constitute the
defining-point of each of the field-identifiers associated with components of the record-type possessed by
the record-variable as a field-designator-identifier for the region that is the statement of the with-statement;
each applied occurrence of a field-designator-identifier shall denote that component of the record-variable
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that is associated with the field-identifier by the record-type. The record-variable shall be accessed before
the statement of the with-statement is executed, and that access shall establish a reference to the variable
during the entire execution of the statement of the with-statement.

The statement
with v1,v2,....vndo s
shall be equivalent to

with v1 do

with v2 do

withvndo s

Example:
with date do
if month = 12 then
begin month := 1; year := year + 1
end
else month := month+l

has the same effect on the variable date as

if date.month = 12 then

begin date.month := 1; date.year :=<date.year+l
end

else date.month := date.month+l

6.9 Input and output
6.9.1 The procedure read

The syntax of the parameter.list of read when applied to a textfile shall be

-

read-parameter-list = ‘([ file-variable ‘,” ] variable-access { ‘,” variable-access } )

If the file-variable is omitted, the procedure shall be applied to the required textfile input, and the program
shall contain a program-parameter-list containing an identifier with the spelling input.

The requiréments of this subclause shall apply for the procedure read when applied to a textfile; therein, f
shall dengte the textfile. The effects of applying read(f,v) to the textfile f shall be defined by pre-assertions
and ost-assertions within the requirements of 6.6.5.2. The pre-assertion of read(f,v) shall| be the pre-
assertion of get(f). Let t denote a sequence of components having the char-type; let 1, s, and ujeach denote
avalue of the sequence-type defined by the structure of the type denoted by text; if u = S( )/ then let t =
S(); otherwise, let u.first = end-of-line; let w = fOT or w = f0.R.first, where the decision as to|which shall

be implementation-dependent; and 1€t T ~S ~f ~u = w ~I0.R¥est. The posi-assertion of read(t,v) shall be

(M =f0OM) and (fL ~ fR =f0.L ~ fO.R) and (fR =t ~u) and
(if £R = S() then (f] is totally-undefined) else (ff = f.R first)).

NOTE — 1 The variable-access is not a variable parameter. Consequently, it may be a componentof a packed structure,
and the value of the buffer-variable need only be assignment-compatible with it.

a) For n>=1, read(f,vy,...,v,) shall access the textfile and establish a reference to that textfile for the
remaining execution of the statement; each of vi,...,v, shall be a variable-access possessing a type that
is the real-type, is a string-type, or is compatible with the char-type or with the integer-type. For n>=2,
the execution of read(f,vy,...,v,) shall be equivalent to
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begin read(ff,v); read(ff,v,,...,v,) end

where ff denotes the referenced textfile.

b) If v is a variable-access possessing the char-type (or subrange thereof), the execution of read(f,v) shall
be equivalent to

begin v

= ffT; get(ff) end

where ff denotes the referenced textfile.

NOTE — 21

cIfvisa
following r
each, and (
empty or s §
be an error

o saﬁf? the post—asseiﬁons of g@[ and of read(f,v) imuﬂai =o()and lengin(s) = 1.

variable-access possessing the integer-type (or subrange thereof), read(f,v) shall satisfy the
pquirements. No component of s shall equal end-of-line. The components of r, if any, shall

~t ~u).first shall not, equal either the char-type value space or end-of-line. Either s shall be
thall, and s ~S(t.first) shall not, form a signed-integer according to the syntax of 6.145.\It shall

the type po

NOTE —3
signed-integ

dIfvisay
component
equal eithe;
shall not, fi
value denot

NOTE — 4]
number to b

f s is empty. The value of the signed-integer thus formed shall be assignment-compatible with
sessed by v and shall be attributed to v.

e sequence r represents any spaces and end-of-lines to be skipped, and the sequence s represents the
T to be read.

ariable-access possessing the real-type, read(f,v) shall satisfy the following requirements. No
Df s shall equal end-of-line. The components of 1, if any, shalleach, and (s ~t ~u).first shall not,
the char-type value space or end-of-line. Either s shall be.empty or s shall, and s ~S(t.first)
rm a signed-number according to the syntax of 6.1.5. It(shall be an error if s is empty. The
ed by the number thus formed shall be attributed to the,variable v.

[he sequence r represents any spaces and end-of-lines-to"be skipped, and the sequence s represents the
read.

6.9.2 The procedure readin

The syntax

pf the parameter list of readln shall be

readln-parameter-list = [ (’ ( file-variable | variable-access )

ReadIn shal

{ ¢’ variable-access } ‘)’ ] .

1 only be applied to-textfiles. If the file-variable or the entire readln-parameter-list is omitted,

the procedure shall be applied, to the required textfile input, and the program shall contain a program-

parameter-1

ReadIn(f,v;
execution o

begin r¢

st containing an“identifier with the spelling input.

...,Vn) shall )access the textfile and establish a reference to that textfile for the remaining
F the statement. The execution of the statement shall be equivalent to

bad(ff,v1,...,vn); readin(ff) end

where ff denotes the referenced textfile.

ReadIn(f) shall access the textfile and establish a reference to that textfile for the remaining execution of
the statement. The execution of the statement shall be equivalent to

begin while not eoln(ff) do get(ff); get(ff) end

where ff denotes the referenced textfile.

NOTES

1 The effect of readln is to place the current file position just past the end of the current line in the textfile. Unless
this is the end-of-file position, the current file position is therefore at the start of the next line.
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2 Because the definition of readln makes use of get, the implementation-defined aspects of the post-assertion of get

also apply (see 6.6.5.2).

6.9.3 The procedure write

The syntax of the parameter list of write when applied to a textfile shall be

write-parameter-list = ‘(’ [ file-variable ‘,” ] write-parameter
{ ¢, write-parameter } )’ .

1on——1
LAV/ 2 S N

If the file-variable is omitted, the procedure shall be applied to the required textfile output; and tl
shall contain a program-parameter-list containing an identifier with the spelling output.” Wh
applied to a textfile f, it shall be an error if f is undefined or £ M = Inspection (see6.4.3.5).

For n>=1, write(f,p;,....p») shall access the textfile and establish a reference to that textfile for thd
execution of the statement. For n>=2, the execution of the statement shall be equivalent to

begin write(ff,p; ); write(ff,ps,...,p») end
where ff denotes the referenced textfile.

Write(f,p), where f denotes a textfile and p is a write-paraméter,” shall write a sequence of ze
characters on the textfile f; for each character c in the sequence, the equivalent of

begin ffT := c; put(ff) end

shall be a representation of the value of the firSt expression in the write-parameter p, as speci
remainder of this subclause.

NOTE — Because the definition of write includes the use of put, the implementation-defined aspects
assertion of put also apply (see 6.6.5.2).

6.9.3.1 Write-parameters

A write-parameter shall‘have one of the following forms

e : TotalWidth : FracDigits
e : TotalWidth
e

where e shall be an expression whose value is to be written on the file f and shall be of integer

of integer-type whose values shall be the field-width parameters. The values of TotalWidth and
shall be greater than or equal to one; it shall be an error if either value is less than one.

type, ¢har-type, Boolean-type, or a string-type, and where TotalWidth and FracDigits shall be e

e program
en write is

remaining

O Or more

where ff denotes the referenced textfile, shall be appli€d to the textfile f. The sequence of characters written

fied in the

bf the post-

Ltype, real-
Xpressions
FracDigits

that depends on the type of e; for integer-type
implementation-defined.
Write(f,e : TotalWidth : FracDigits) shall be applicable only if e is of real-type (sec 6.9.3.4.2).

- Ot

, real-type, and Boolean-type, the default valu

6.9.3.2 Char-type

3

otalWidth

es shall be

If e is of char-type, the default value of TotalWidth shall be one. The representation written on the file f

shall be

(TotalWidth — 1) spaces, the character value of e.
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6.9.3.3 Integer-type

If e is of integer-type, the decimal representation of the value of e shall be written on the file f. Assume a
function

function IntegerSize ( x : integer ) : integer ;
{ returns the number of digits, z, such that
10 to the power (z—1) < abs(x) < 10 to the power z }

and let IntDigits be the positive integer defined by

ife=0
then In{Digits := 1

else InfDigits := IntegerSize(e);
then the reiresentation shall consist of

a) if TotalWidth >= IntDigits + 1:
(TotalWidth — IntDigits — 1) spaces,
the sign character: ‘—' if e < 0, otherwise a space,
IntDigils digit-characters of the decimal representation of abs(e).

b) if TotalWidth < IntDigits + 1:
if @ < 0 the sign character ‘-,
IntDigits digit-characters of the decimal representation of abs(e).

6.9.3.4 Redl-type

If e is of reql-type, a decimal representation of the value of e, rounded to the specified number of significant
figures or decimal places, shall be written on the file f.

6.9.3.4.1 The floating-point representation

Write(f,e : [TotalWidth) shall cause a floating-point representation of the value of e to be written. Assume
functions

function TenPower ( Int : integer/) :\real ;
{ Returns 10.0 raised to the power Int }

function RealSize (y : realy)" integer ;

{ Returns the value;-zy'such that TenPower(z—1) < abs(y) <
TenPower(z) }

function Truncate (y : real ; DecPlaces : integer ) : real ;

{ Returns

let ExpDigits be an implementation-defined value representing the number of digit-characters written in
an exponent;

let ActWidth be the positive integer defined by

if TotalWidth >= ExpDigits + 6
then ActWidth := TotalWidth
else ActWidth := ExpDigits + 6;

and let the non-negative number eWritten, the positive integer DecPlaces, and the integer ExpValue be
defined by
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DecPlaces := ActWidth — ExpDigits — 5;
ife=0.0
then begin eWritten := 0.0; ExpValue := 0 end
else
begin
eWritten := abs(e);
ExpValue := RealSize ( eWritten ) — 1;
eWritten := eWritten / TenPower ( ExpValue );
eWritten := eWritten + 0.5 * TenPower ( —DecPlaces );

40N

then
begin
eWritten := eWritten / 10.0;
ExpValue := ExpValue + 1
end;
eWritten := Truncate ( eWritten, DecPlaces )
end;

then the floating-point representation of the value of e shall consist of

the sign character
(' if (e < 0.0) and (eWritten > 0.0), otherwise a space );
the leading digit-character of the decimal representation of.eWritten,
the character '’ ,
the next DecPlaces digit-characters of the decimalrépresentation of
eWritten,
an implementation-defined exponent character
(either ‘e’ or 'E’),
the sign of ExpValue
( =’ if ExpValue < 0, otherwise ‘+%),
the ExpDigits digit-characters of'the decimal representation of
ExpValue (with leading zerosif the value requires them).

6.9.3.4.2 The fixed-point representation

Write(f,e : TotalWidth : FracDigits) shall cause a fixed-point representation of the value of e t¢ be written.
Assume the functions TenPower, RealSize, and Truncate described in 6.9.3.4.1;

let eWrittenbe the non-negative number defined by

if .=.0.0
then eWritten := 0.0
else

begin

eWritten := abs(e);
eWritten := eWritten + 0.5 * TenPower ( — FracDigits );
eWritten := Truncate ( eWritten, FracDigits )

end;

let IntDigits be the positive integer defined by

if RealSize ( eWritten ) < 1
then IntDigits := 1
else IntDigits := RealSize ( eWritten );

and let MinNumChars be the positive integer defined by
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MinNumChars := IntDigits + FracDigits + 1;
if (e < 0.0) and (eWritten > 0.0)
then MinNumChars := MinNumChars + 1; {'~' required}

then the fixed-point representation of the value of e shall consist of

if TotalWidth >= MinNumChars,
(TotalWidth — MinNumChars) spaces,
the character ‘—' if (e < 0.0) and (eWritten > 0.0),
the first IntDigits digit-characters of the decimal representation of

the val "
the character *.’,
the next FracDigits digit-characters of the decimal representation of
the valye of eWritten.

NOTE — At lkast MinNumChars characters are written. If TotalWidth is less than this value, no initial Spaces are

written.

6.9.3.5 Bool¢an-type

If e is of Boojean-type, a representation of the word true or the word false (as appropriate to the value of ¢)
shall be written on the file f. This shall be equivalent to writing the appropriate character-string ' True’ or

if TotalWidth > n,

(TotalWidtih — n) spaces,
the first thrpugh n-th characters of the value.of\e in that order.
if 1 <= TotdlWidth <= n,

the first tHrough TotalWidth-th characters’in that order.

6.9.4 The prjocedure writeln

The syntax df the parameterlist of writeln shall be

writel)-parametér-list = [ ‘(’ ( file-variable | write-parameter )
{ ¢, write-parameter } )’ ] .

Weriteln shall ‘onily be applied to textfiles. If the file-variable or the writeln-parameter-list is omitted,

the procedure shall be applied to the required textfile output, and the program shall contain a program-
parameter-list containing an identifier with the spelling output.

Writeln(f,p;,....p») shall access the textfile and establish a reference to that textfile for the remaining
execution of the statement. The execution of the statement shall be equivalent to

begin write(ff,p1 ,...,pn); writeln(ff) end
where ff denotes the referenced textfile.
Writeln shall be defined by a pre-assertion and a post-assertion using the notation of 6.6.5.2.
pre-assertion: (f0 is not undefined) and (f0.M = Generation) and (fO.R = S()).
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post-assertion: (f.L = (fO.L ~ S(end-of-line))) and (f] is totally-undefined)
and (f.R = S()) and (f.M = Generation),
where S(e) is the sequence consisting solely of the end-of-line component defined in 6.4

3.5.

NOTE — Writeln(f) terminates the partial line, if any, that is being generated. By the conventions of 6.6.5.2 it is an

error if the pre-assertion is not true prior to writeln(f).

6.9.5 The procedure page

of page(f) If the actual-parameter-hst is omltted the procedure shall be apphed to the req‘
output, and the program shall contain a program-parameter-list containing an identifierwith

output. Page(f) shall cause an implementation-defined effect on the textfile f, such, that subss
written to f will be on a new page if the textfile is printed on a suitable device, shall perform &

writeln(f) if £.L is not empty and if f.L.last is not the end-of-line component (see'6.4.3.5), and
the buffer-variable f] to become totally-undefined. The effect of inspecting-a textfile to whic
procedure was applied during generation shall be implementation-dependent:
6.10 Programs
program = program-heading ‘;” program-block . .
program-heading = ‘program’ identifier [ ‘(’ program-parameter-list )" ] .
program-parameter-list = identifier-list .

program-block = block .

The identifier of the program-heading shall'be the program name. It shall have no significance|
program. The identifiers contained by-the program-parameter-list shall be distinct and shall be

g activation

ed textfile
e spelling
quent text
implicit
shall cause
h the page

within the
designated

program-parameters. Each program-parameter shall have a defining-point as a variable-idenatriE:: for the

region that is the program-block._The binding of the variables denoted by the program-p

entities external to the program-shall be implementation-dependent, except if the variable p

file-type in which case the-binding shall be implementation-defined.

NOTE — The external-representation of such external entities is not defined by this International Standas

The execution of any action, operation, or function, defined within clause 6 to operate on a var|

be an error if the'variable is a program-parameter and, as a result of the binding of the program-
the execution-cannot be completed as defined.

The occurrence of the required identifier input or output as a program-parameter shall co
defining-point for the region that is the program-block as a variable-identifier of the required ty]
by 'the required type-identifier text. Such occurrence of the identifier input shall cause the post|

eters to
0SSESSEes a

d.

able, shall
parameter,

nstitute its
be denoted
Lassertions

of reset to hold, and of output, the post-assertions of rewrite to hold, prior to the first acd

ess to the

textfile or its associated buffer-variable. The effect of the application of the required procedure reset or

the required procedure rewrite to either of these textfiles shall be implementation-defined.
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Examples:

program copy (£, 9);
var £, g : file of real;
begin reset (f); rewrite(g);
while not eof (f) do
begin g := £1; get(f); put(qg)
end
end.

progzam copytext (input, output);
{Th}s program copies the characters and line structure of the textfile
inpjt to the textfile output.}
var|ch : char;
begin
hile not eof do
gin
while not eoln do
begin read(ch); write(ch)
end;
readln; writeln
end
end

progyam t6p6p3p4 (output);
var globalone, globaltwo : integer;

procedure dummy;
begin
writeln(’ fail4’)
end| { of dummy };

procedure p (procedure f(procedure ff; procedure gg); procedure g);
var| localtop : integer;
profedure r;
begin { r }
if| globalone = 1 then

bggin
'E (globaltwo.<> 2) or (localtop <> 1) then

1
riteln(?faill’)

epd
elge 4f ‘globalone = 2 then
bEgin

if (globaltwo <> 2) or (localtop <> 2) then

writeln(’fail2’)

else

writeln(’'pass’)

end
else

writeln(’fail3’);
globalone := globalone + 1
end { of r };
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begin { of p }

globaltwo := globaltwo + 1;
localtop := globaltwo;

if globaltwo = 1 then

p(f, r)
else

f(g, )
end { of p}:

ISO/IEC 7185:1990(E)

procedure q (procedure f; procedure g);
begin
£;

g
end { of q};

begin { of t6p6p3pd }
globalone := 1;
globaltwo := 0;

p(q, dummy)

end. { of t6p6p3p4 }
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Annex A

(Informative)

Collected syntax

The nonterminal symbols pointer-type, program, signed-number, simple-type, special-symbol, and structured-
type are only referenced by the semantics and are not used in the right-hand-side of any production. The

nonterminal fymbol program is the start symbol of the grammar.

6.7.3 actual-parameter = expression | variable-access | procedure-identifier
| function-identifier .
6.7.3 tual-parameter-list = *(’ actual-parameter { °,” actual-parameter } ‘)’ .
6.7.2.1 ding-operator = ‘+’ | ‘=" |‘or’
6.1.7 ostrophe-image = "
6.4.3.2 ay-type = ‘array’ ‘[’ index-type { ‘.’ index-type } ‘I’ ‘of’ componént-type .
6.5.3.2 ay-variable = variable-access .
6.8.22 signment-statement = ( variable-access | function-identifi€r”) *:=" expression .

64.34 hase-type = ordinal-type .

6.2.1 Block = label-declaration-part constant-definition-part type-definition-part
variable-declaration-part procedure-and-function-declaration-part
statement-part .

6.7.2.3 oolean-expression = expression .
6.6.3.7.1 bound-identifier = identifier .
6.5.5 uffer-variable = file-variable 4{” .
6.4.3.3 ¢ase-constant = constanty.

64.3.3 ¢ase-constant-list =~ case-constant { °,” case-constant } .

6.8.3.5 ¢ase-index = «€xpression .
6.8.3.5 ¢ase-list-element = case-constant-list ‘:’ statement .
6.8.3.5 dase-statement = ‘case’ case-index ‘of’ case-list-element

{ ¢ case-list-element } [ ‘] ‘end’ .

(3]

6.1.7 character-string = " string-element { string-element } ** .
6.4.3.2 component-type = type-denoter .

6.5.3.1 component-variable = indexed-variable | field-designator .
6.8.3.2 compound-statement = ‘begin’ statement-sequence ‘end’ .

6.8.3.3 conditional-statement = if-statement | case-statement .

6.6.3.7.1 conformant-array-parameter-specification = value-conformant-array-specification
| variable-conformant-array-specification .
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6.6.3.7.1 conformant-array-schema = packed-conformant-array-schema
| unpacked-conformant-array-schema .

6.3 constant = [ sign ] ( unsigned-number | constant-identifier )
| character-string .
6.3 constant-definition = identifier ‘=’ constant .
6.2.1 constant-definition-part = [ ‘const’ constant-definition ‘;” { constant-definition ;" } ] .
63 constant-identifier = identifier

6.8.3.9 control-variable = entire-variable .

6.1.1 digit = 0’ |“1” |2° |3 |4’ |5’ |6 |7 |8 |‘Q .
6.1.5 digit-sequence = digit { digit } .

6.1.4 directive = letter { letter |digit } .

6.4.4 domain-type = type-identifier .

6.8.34 else-part = ‘else’ statement .

6.8.2.1 empty-statement =

6.5.2 entire-variable = variable-identifier .

64.2.3 enumerated-type = °(’ identifier-list ‘)™,

6.7.1 expression = simple-expression [, relational-operator simple-expression ] .
6.6.3.7.1 factor > bound-identifier .

6.7.1 factor > variable-access (punsigned-constant | function-designator
| set-constructor” | ‘(’ expression ‘)’ | ‘not’ factor .

6.5.3.3 field-designator «=\‘record-variable °.” field-specifier | field-designator-identifier .
6.8.3.10 field-designator-identifier = identifier .

6.5.3.3 field-identifier = identifier .

6433 field-list = [ ( fixed-part [ °;’ variant-part ] | variant-part )[ ;> 1] .

6.5.3.3 field-specifier = field-identifier .

6.4.3:5 file-type = ‘file’ ‘of’ component-type .

6.:5.5 file-variable = variable-access .

6.8.3.9 final-value = expression .
6433 fixed-part = record-section { °;’ record-section } .

6.8.3.9 for-statement = ‘for’ control-variable ‘:=’ initial-value ( ‘to’ | ‘downto’ ) final-value
‘do’ statement .

6.6.3.1 formal-parameter-list = ‘(’ formal-parameter-section { °;’ formal-parameter-section } ‘)’ .
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6.6.3.1

6.6.3.7.1
6.1.5
6.6.2
6.6.2

6.7.3
6.6.2
6.6.2
6.6.2
6.6.3.1
6.8.2.4
6.54
6.1.3
6423
6.8.34
6.5.3.2
64.3.2
6.6.3.7.1
6.53.2
6.8.3.9
6.1.6
6.2.1
6.1.1

6.7.1
6.7.2.1
6.4.2.1
644
64.3.1
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formal-parameter-section > value-parameter-specification
| variable-parameter-specification
| procedural-parameter-specification
| functional-parameter-specification .

formal-parameter-section > conformant-array-parameter-specification .
fractional-part = digit-sequence .

function-block = block .

= function-heading *;’ directive
| function-identification ‘;” function-block
| function-heading ‘;’ function-block .

function-declaration

function-designator = function-identifier [ actual-parameter-list ] .

fFunction-identification = ‘function’ function-identifier .
function-identifier = identifier .

functional-parameter-specification = function-heading .
goto-statement = ‘goto’ label .

identified-variable = pointer-variable ‘1’ .

identifier = letter { letter | digit } .

identifier-list = identifier { °,” identifier }. .

if-statement = ‘if’ Boolean-expression ‘then’ statement [ else-part ] .
index-expression = expression .

index-type = ordinal-type .

index-type-specification= “-identifier .." identifier ‘:* ordinal-type-identifier .

initial-value =-‘expression .
label = digit-sequence .
label<declaration-part = [ ‘label’ label { ¢, label } ¢ ] .

lettel’ 5a7 I‘b’ I‘c, ch, |‘e, I&f’ Ic99 lch, I‘i’ I‘i,

function-heading = ‘function’ identifier [ formal-parameter-list ] ‘.’ result-type).

indexed-variable = ‘afray-variable ‘[’ index-expression, { °,” index-expression } I .

KT T W 0 [ a7 51T
I ‘u, I‘v, |6w7 "x’ |‘y, |‘Z’

member-designator = expression [ ‘.. expression ] .
multiplying-operator = *** |/ | ‘div’ | ‘mod’ | ‘and’ .
new-ordinal-type = enumerated-type | subrange-type .
new-pointer-type = ‘1’ domain-type .

new-structured-type = [ ‘packed’ ] unpacked-structured-type .



https://standardsiso.com/api/?name=45a50b192886483c633b64f293e5f715

ISO/IEC 7185:1990(E)

6.4.1 new-type = new-ordinal-type | new-structured-type | new-pointer-type .
64.2.1 ordinal-type = new-ordinal-type | ordinal-type-identifier .
6.4.2.1 ordinal-type-identifier = type-identifier .
6.6.3.7.1 packed-conformant-array-schema = ‘packed’ ‘array” ‘[’ index-type-specification )’
‘of” type-identifier .
6.4.4 pointer-type = new-pointer-type | pointer-type-identifier .
6.4.1 pointer-type-identifier = type-identifier .
6.54 pointer-variable = variable-access .
6.6.3.1 procedural-parameter-specification = procedure-heading .
6.2.1 procedure-and-function-declaration-part = { ( procedure-declaration
| function-declaration ) ¢;* } .
6.6.1 procedure-block = block .
6.6.1 procedure-declaration = procedure-heading ‘;” directive
| procedure-identification *;” procedure-block
| procedure-heading &% procedure-block .

6.6.1 procedure-heading = ‘procedure’ identifier [ formal-parameter-list ] .
6.6.1 procedure-identification = ‘procedure’ procedure-identifier .
6.6.1 procedure-identifier = identifier.
6.8.2.3 procedure-statement = procedure-identifier ( [ actual-parameter-list ]

| read-parameter-list | readln-parameter-list

| write-parameter-list | writeln-parameter-list ) .
6.10 program = program-heading ‘;’ program-block “." .
6.10 program-block = block .
6.10 program-heading = ‘program’ identifier [ ‘(" program-parameter-list )’ ] .
6.10 program-parameter-list = identifier-list .
6.9.1 read-parameter-list = (’ [ file-variable ¢,” ] variable-access { °,” variable-acceps .
69.2 readln-parameter-list = [ (* ( file-variable | variable-access )

{ ¢, variable-access } )’ ] .
64.2.1 real-type-identifier = type-identifier .
6433 record-section = identifier-list ¢’ type-denoter .
6.4.3.3 record-type = ‘record’ field-list ‘end’ .
6.53.3 record-variable = variable-access .
6.8.3.10 record-variable-list = record-variable { °,’ record-variable } .
6.7.2.1 relational-operator = ‘=" | ‘<>’ | ‘<’ | > |‘<=" | >=" | fin’
6.8.3.7 repeat-statement = ‘repeat’ statement-sequence ‘until’ Boolean-expression .
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6.8.3.6 repetitive-statement = repeat-statement | while-statement | for-statement .
6.6.2 result-type = simple-type-identifier | pointer-type-identifier .

6.1.5 scale-factor = [ sign ] digit-sequence .

6.7.1 set-constructor = ‘[’ [ member-designator { ‘,” member-designator } 11" .

64.34 set-type = ‘set’ ‘of’ base-type .

6.1.5 gign = ‘4’ | =" .

6.1.5 jigned-integer = [ sign ] unsigned-integer .

6.1.5 jigned-number = signed-integer | signed-real .

6.1.5 figned-real = [ sign ] unsigned-real .

6.7.1 fimple-expression = [ sign ]term { adding-operator term } .
6.8.2.1 fimple-statement = empty-statement | assignment-statement

| procedure-statement | goto-statement .
64.2.1 simple-type = ordinal-type | real-type-identifier .

64.1 kimple-type-identifier = type-identifier .

6.1.2 special-symbol = 47 | ‘=" | |/ | =" < ST | QU T
: I P I I B A O

‘e>’ | ‘<= |%>=" | “:=" | ‘.. | word-symbol .

6.8.1 statement = [ label ¢ ] ( simple-statement_ | Structured-statement ) .
6.2.1 tatement-part = compound-statement .

6.8.3.1 tatement-sequence = statement { ¢’ statement } .

6.1.7 tring-character = one-of-a-set-of-implementation-defined-characters .
6.1.7 tring-element = apostrophe-image | string-character .

6.8.3.1 tructured-statement =- compound-statement | conditional-statement

N repetitive-statement | with-statement .
6.4.3.1 structured-typ€ /=" new-structured-type | structured-type-identifier .
64.1 Ktructured-type-identifier = type-identifier .

64.24 kubrange-type = constant ‘..” constant .

6433 tag-field = identifier

6433 tag-type = ordinal-type-identifier .

6.7.1 term = factor { multiplying-operator factor } .

64.1 type-definition = identifier ‘=’ type-denoter .

6.2.1 type-definition-part = [ ‘type’ type-definition ¢;" { type-definition ;" } ] .
64.1 type-denoter = type-identifier | new-type .
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