INTERNATIONAL ISO/IEC
STANDARD 10514-3

First edition
1998-12-01

Information technology — Pregramming
languages —

Part 3:
Object Oriented Moduila-2

Technologies de l'information™— Langages de programmation j—
Partie 3: Modula 2 orienté’objet

Reference number
it ® ISO/IEC 10514-3:1998(E)



https://iecnorm.com/api/?name=e9864f373e8baa24832fe4a724bf2c1e

ISO/IEC 10514-3:1998(E)

Contents
0] £=111Y 0 (o [ V...
T Y00 11T 1o I, Vi...
IS o0 o1 PP 1.
N T 7= £ 1
1.2 $pecifications included in this part of ISO/IEC 10514 .........cocevvviiiiieeieerinnne g 1
1.3 Relationship to ISO/IEC 10514-1 .......ccooiiiiiiiieiiciieee e 1
1.4 $pecifications not within the scope of this Standard ....................... 0 1
2 NOMMALIVE REIEIENCES ....n it e e e e e e e s e ame s e naaaeees
3 Definitions, Structure, and CONVENLIONS ..........ooeuviiiiiiiiieiiiieeeee e s e, 2
G T8 A 10T 1T 1 0] 1T Ao W2
3.2 $tructure of the Formal Definition ..........cooovvviiiiiiiiiiee e e, 2
TR Do 0 1V7=T a1 1[0 1T 4o s .2
4 Requirenpents for IMplementationS ........cooooivieeeioiiiiieeee e 3 e ... 2
o I =T 1Y F= 11T o N ...3
4.2 $ource Code RepreSentation ..............euuuuuuiiiiiiisteeseeeeeeeeeesnnsns e e e eeeeeeaees o3
4.3 Ordering of DecClarationS.........ccooiiiieeeieiiiieeeeee e .3
4.4 Predefined ENHLIES c.....iiee e s 5ttt e e e e e e aaa s 3
4.5 LIBrary MOAUIES .........ooeeieieiice e St et e e e e e e e e e e e e e e e e e e ne s .3
LN =l 1 (0] £ S PR .3
o= o] (o] 1 S .4
4.8 Implementation-dependencCies. ... . v ieeeeeiiiee e .4
4.9 PDOCUMENTALION ....cvveciiei e e e e e e e e e e eaa e eees ... 4
4.10 Statement of COMPLIANCE .. .. ieeieiii e e e e e e e e e eeeeraaaanes .4
4,12 MinimMUumM FEQUITEMIENTS .. r e eeeeiitiiieeee e e e e e e e e e e e e eeeeeeeaaaesasas s s s e e aeeaeeaaaeeeeeennnnns .4
I I TSI =) T 0 4.
N I X (o 1o g = LI A= YA 0] o LS U 4
5.2 Additional Pervasive 1dentiflerS.........cooiiiiiiiiii e .5
B LANQUAGE ... ovevveeeeeiee e 5.
L (D4 F= T Y ....06
6.1.1 ClasS DefiNItION......cccuviiiiiii e e e e e e aaand .6
6.1.27Class DECIAration ........cccoeuuiiiiiiiiiiie e e .8
L e Y 1) = Vod O 1= Y Y =T R 10
e A I I - (ot Lo [ O F= 1Yo T .10
&5 Reveal bists e 12
B.1.6 INNEIME CIAUSE .....cieveeee e e e eaa e 12
6.1.7 Class COMPONENES.........cuuuuuiuiiiiieeieeeeeeeeeeeeeeeeeeerr s eeeeeaaeeeeaeeennne 13
6.1.8 Overridden MethOdS. ...........uiiiiiiiiiiii e 14
B.1.9 CONSIIUCTON ...ttt e e e e e et e s e e b ens 14
LT O I 1T 1 U [od (0] PP 15

© ISO/IEC 1998

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or
utilized in any form or by any means, electronic or mechanical, including photocopying and micro-
film, without permission in writing from the publisher.

ISO/IEC Copyright Office Case postale 6CH-1211 Genéve 20 Switzerland
Printed in Switzerland


https://iecnorm.com/api/?name=e9864f373e8baa24832fe4a724bf2c1e

© ISO/IEC

ISO/IEC 10514-3:1998(E)

6.2 AcCess t0 Class COMPONENTS.........ccceiiiiiiiieiiiiiiiis e e e e e e e e e e e e e ee e eas,
6.2.1 Access by Class Identifier ... 1€
6.2.2 Access by Object Selection .............coovvvviiiiiiiiiiicrr e, 1¢
6.2.3 ACCESS IN SUDCIASSES ......cooiiitiee e 1
6.2.4 Immutable entitieS .........oooiiiii e 1¢
6.3 ObJECt VariabIES ......cveiiiec e 1
6.3.1 ASSIGNMENT.....coiieiiiiiiiiiiei e e e e e e e e e e e e e e e e e e eeeerae s 1
(RS I 0] 3 ] o = 1] o P 1
IR I O3 1= 1 1o o [P PPPPURPPTPPRR 1
6.3.4 DeSIIUCHION 4uuueriiee e 2(
6.3.5 Empty Reference ........cccceeevevvviieeieeiieiiveeeeee @l 2
6.3.6 Traced Object References..........cccoeeeeevvvvveecc e b, 2
6.4 Membership TeSt........uuuiiiiiiiiei e e et e e e e e 2
6.5 Guard Statement........ccccccveiieeiiiiie B e :
6.5.1 Guarded Statement Sequence............imvveeeeeeveeeeifoi :
6.6 Safeguarded MOdUIES ..............ouuviiiiiiiiieee B :
6.7 Garbage ColleCtion............uviiiiiiiiiieeeeee e e, 2
6.8 Changes to the Base Language...........feuumrrnrneiiiiiiiiieeeeeeebeeeeeeiieeeieeeeeiiesinnnnns
6.8.1 Module Header ... L) 2
6.8.2 Definitions and DeclarationS-............ccccoeevvvvivcciic o, 28
6.8.3 BIOCKS.....ccoi oo O, 2¢
6.8.4 Statement Part....... el b, 2
6.8.5 Parameter Compatibility and Argument Binding......}....c.cccccccvnnnis 30
6.8.6 The Module COROUTINES. ...........ccccovvvviiiiiineeeeeeee s 30
6.8.7 ENVIrONMENT .. 5 oottt b 3]
7 Required System MOAUIES. .ol e e e e e e
7.1 Object EXCEPLIONS.......ccivieieeeiiiiiiiii i e e e e e e e e e e 3
7.1.1 The Interface to M2OOEXCEPTION .......ccoovvvvviiciidbiriiis 31
7.1.2 The Entities of M2OOEXCEPTION.........cooovcvvvvieis [, 31
7.1.3 Aggregation of the Exceptions of the Language Exténsions.............. 32
7.2 The Module GARBAGECOLLECTION .......cccccvvvveeeeeeeneeeeeen o, 32
7.271 The interface to GARBAGECOLLECTION.........cccootfurriiiiniiiiinninnns 32
7.2.2 The Procedures of GARBAGECOLLECTION..........Jc.evvviviieeeiinnnnn. 33
7.2.3 The Functions of GARBAGECOLLECTION.......cccc...feeviiiiiiiiiiiinee. 33
AnnextA Collected Concrete Syntax (informative) ...........cccevvvevevevecieec o 3
A.L Class DefiNItiON ........ccoiiiiiiiiiiiiiiee e b 3¢
A.2 Class DeClaration...........coouiiiiiiiiiiiiiiiiiiiiieeeee e 3
A.3 REVEAI LiSt...ccceeiiiiiiiiiiiiiiiiieetteee e e 3
A4 INNEIIE CIAUSE.......uiiiiiiiiiiiiiiiiie e e 3
J ANl B <3 [0 | = L0 ] PP 3
A.B GUANT SEAIEIMENT ....uuiiiiiiiiiiiii et e e e e e e e e e e e e s e s e bbereeees :
Annex B Changes to the Syntax of the Base Language (informative) .............ccccceeeeieenennn. :
Annex C Glossary (INfOrMAtIVE) .........oovviiiiiiiiiie e e e e e e e e e e e e e aaananes 3


https://iecnorm.com/api/?name=e9864f373e8baa24832fe4a724bf2c1e

ISO/IEC 10514-3:1998(E) © ISO/IEC

Annex D Examples (INfOrMatiVE) .........uuuiiiiiii i 41
D.1 Class Definition and Class Declaration............cc.ueeiiieiiiiiiiieciiie e 41
D.2 CroSS LINKEA CIASSES .....covvuiiiiiii ettt e et e e e e e e e e eaas 42
D.3 Inheritance and Overridden MethodsS ...........o.uuiiiiiiiiiiiie e 42
D.4 Abstract Class DefiNIitiON .........iviuiiiiiii e 43
D.5 Creation and DESIUCTION........cocuueiiiiii e e e e e e et eeea e e eaaaeees 43
D.6 ConStructor anNd DESIIUCTOL ... ....uuiiiiie i ee et e et ea e e aaa e ees 44
D.7 TYPE INQUITIES...cceeeeeiiiiei e e et e e e e e e e ettt s s e e e e e e e e e e e e e e e e e e e e aaa e e e e aeaaaeeeaees 44
D.8 Constructor chain and DesStruCtor ChaiN ...........coviviiiiiiiii e 45
D.9 Coroutines and Garbage Collection 45

Annex E Firalization Order (INfOrmMatiVe) .......ueeiiieee e by 416

Annex F Participating Individuals and Organisations (informative) .............ccccceeeeen 0. N8



https://iecnorm.com/api/?name=e9864f373e8baa24832fe4a724bf2c1e

© ISO/IEC ISO/IEC 10514-3:1998(E)

Foreword

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

In the field of information technology, ISO and IEC have, established| a joint technical
committee, ISO/IEC JTC 1. Draft International Standards™adopted by the joint technica
committee are circulated to national bodies for voting. ‘Publication ag an Internationa
Standard requires approval by at least 75 % of the national bodies casting|a vote.

International Standard ISO/IEC 10514-3 was prepared by Joint Technical Committee ISO/IE(
JTC 1, Information technology Subcommittee-*SC 22Programming languages, their
environments and system software interfaces

ISO/IEC 10514 consists of the follewing parts, under the general |Hitlermation
technology — Programming languages

— Part 1: Modula-2, Base Language
— Part 2: Generics in Modula=2
— Part 3: Object Oriented Modula-2

Annexes A to F of this‘part of ISO/IEC 10514 are for information only.
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This part of ISO/IEC 10514 is part three of the multi-part standard ISO/IEC 10514 and
specifies the form and meaning of Object Oriented Modula-2 programs and by reference to
that specification lays down requirements for Object Oriented Modula-2 implementations.

The reader
part standa
programmi

This part ¢
Language
introductior

This part ¢
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Object orie
abstraction
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(like data €
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Is referred to International Standard ISO/IEC 10514-1 (the first part of this
rd, herein referred to as "the Base Standard") for introductory remarks
ng language Modula-2.

f ISO/IEC 10514 defines Object Oriented Modula-2 by additions to the

vithout changing the meaning of any parts of the Base Language (except
of new keywords—see clause 5).

5 for the syntax and semantics described herein when committee resources

nted programming is a method of programming that allows a high deg
ommon method of programming.

2 in its original design provides for basic facilities necessary for object orien
hcapsulation and modulatization), full object oriented facilities can be easily

made available to the’programmer in a fully upward compatible way.

pf ISO/IEC 10514 does not provide a formal specification of Object Ori
although it is the intention of WG13 to construet the appropriate VDNI-SL

as well as good structuring of programs. Because of its substantial benefit

b language in a veryhatural way. Thus the advantages of this new progr:
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Information technology — Programming languages —

Part 3:
Object Oriented Modula-2

1 Sco

1.1 Goals

c

In additign to the goals of the Base Language, the goal of this part of.ISO/IEC 10"
provide gimple extensions to allow object oriented programming facilities to be adde
Base Lahguage defined in International Standard ISO/IEC 10514-1 without alte
meaning
keywords introduced by this standard, see clause 5).

of any valid program allowed by the Base Language (except for the use o

1.2 Specifications included in this part of ISO/IEC:10514

In additign to the specifications included in the BasevLanguage this part of ISO/IE(
provides

req

the
pro

the
viol
imp
furt
req

specifications for:

lired symbols for Object Oriented Moedula-2 programs;

lexical structure, the syntactic.structure and semantics of Object Oriented N
jrams;

htions of the rules for-the use of the object oriented extensions that a cor
lementation is required to detect;

ner compliance requirements for implementations, including docume
lirements,

1.3 Relationship to ISO/IEC 10514-1

interface to and the semakhtics of Object Oriented Modula-2 system modules;

b14 is to
d to the
ring the
the new

C 10514

lodula-2

forming

ntation

This partlafISOQ/IEC 10514 is part three of the multi-part standard ISO/IEC 10514
of ISO/IEC 10514 extends and modifies the Base Language ISO/IEC 10514-1, but the
adoption of this part of ISO/IEC 10514 is optional with respect to the Base Language. This
part of ISO/IEC 10514 is also independent of any other parts of ISO/IEC 10514 except for
part 1, and can be adopted either together with or independently of such other parts.

'his part

1.4 Specifications not within the scope of this part of ISO/IEC 10514

In addition to the categories of specifications excluded by the Base Language this part of
ISO/IEC 10514 provides no specifications for:

the

internal representation of the objects and their associated methods;
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2 Norm

the implementation of the garbage collector;

the implementation of the tracking mechanism for traced objects.

ative References
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The following normative documents contain provisions which, through reference in this text,
constitute provisions of this International Standard. For dated references, subsequent

amendme

tc tn Ar ravicinne af anv nf thaca nithlicatinne da nat annlby Haovwavar na
tS—to—OTEeVISIOHS— Oy O tHeSE—pPuBheato S G0 ot—appy—Ttovvwever—pat

rties to

agreement

of applying
references

and IEC mg

ISO/IEC 1
Modula-2,

3 Defin

3.1 Defini

For the pu
Standard

NOTE —Ag

3.2 Struct

rJ
5 based on this International Standard are encouraged to investigate thep

the most recent editions of the normative documents indicated below.,For u
the latest edition of the normative document referred to applies. Members
hintain registers of currently valid International Standards.

P514-1:1996Information technology — Programming languages — Par
Base Language.

tions, Structure, and Conventions

tions

poses of this part of ISO/IEC 10514%:all the definitions contained in the
ply. No additional definitions are needed.

ossary of the terms used in this part of ISO/IEC 10514 is found in Annex C.

ure of the Formal Definition

pssibility

ndated

of ISO

[ 1:

Base

This part of ISO/IEC 10514 states-its requirements in the same form as the Base Lgnguage

with the ex
time.

3.3 Conv¢

The convel
in the Base
time.

4 Requ

ception that it does not include formal expression of semantics in VDM-SL

pntions

ntions used in this part of ISO/IEC 10514 are to be interpreted in the same
Language with the exception that this document does not include VDM-SL

At this

way as
at this

irements for Implementations

A conforming Object Oriented Modula-2 implementation shall meet the requirements for
Modula-2 implementations that are laid down in the Base Language.
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In addition:

4.1 Translation

A conforming Object Oriented Modula-2 implementation shall accept compilation modules
for translation from source code when they contain the additional lexical form defined in

clause 5, and when this is in the syntactic form specified in clause 6. A

conforming Objec

Oriented Modula-2 implementation shall also accept the lexical forms defined in the Bas
Language when they are used in the (new) syntactic forms specified in this Object Oriente

Modula-2 standard

4.2 Source Code Representation

keywords specified in clause 5 and shall recognize keywords, and identi

iers as specified |

A conforming Object Oriented Modula-2 implementation shall provij\e the additional

that clause, including those situations where keywords and-symbols fro
are used for new syntactic constructs in this document.

4.3 Ordering of Declarations

A conforming Object Oriented Modula-2 implementation shall have rule
respect to a conforming Modula-2 implementation.

4.4 Predefined Entities

A conforming Object Oriented Modula-2 implementation shall have rule
respect to a conforming Modulas2 implementation.

4.5 Library Modules

A conforming Object Oriented Modula-2 implementation shall have rule
respect to a conforming Modula-2 implementation. No new library modulg
this document:

4.6 Errofrs

A conforming Object Oriented Modula-2 implementation shall have rule
respect to a conforming Modula-2 implementation, with the following chang

the base langua

S identical in this

S identical in this

S identical in this
s are specified by

S identical in this
jes:

— it shall detect any new errors defined in this document in a manner
detection and reporting of errors required by the Base Language.

— In standard mode a conforming implementation shall treat the use of
not specified by this standard or by any other part of this multi-part

consistent with th

extensions that a
standard as errors

Conformance to standards parallel to this one (if any) is on an additive basis, so that tw
or more such standard extensions can be conformed to simultaneously.

NOTE — The intent of this provision is to allow a version of Modula-2 to support, for example, both object

oriented and generic.
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4.7 Exceptions

A conforming Object Oriented Modula-2 implementation shall have rules identical in this
respect to a conforming Modula-2 implementation. This includes the additional exceptions for
object oriented extensions as identified in subclause 7.1.3. This subclause also specifies which
exceptions are mandatory and which exceptions are not mandatory.

4.8 Implementation-dependencies

A conformipg—Object-Oriented-Modula-2implementati ; i ieal—R this
respect to & conforming Modula-2 implementation.

4.9 Docuinentation

A conforming Object Oriented Modula-2 implementation shall have rulgs)identical in this
respect to & conforming Modula-2 implementation.

4.10 Statement of Compliance

A conforming Object Oriented Modula-2 implementation shall have rules identical in this
respect to |a conforming Modula-2 implementation and_n“addition, a separate compliance
statement $hall be made citing the degree of compliance with this standard.

4.11 Minimum requirements

A conforming Object Oriented Modula-2 implementation shall have rules identical in this
respect to & conforming Modula-2 implementation.

5 The Lexis

The lexis gf Object Oriented*Modula-2 is based directly on the lexis of the base languyage as
defined in| ISO/IEC 10514-1. All syntax elements of the base language keep| their

representation and _meaning; new keywords and pervasive identifiers that are negeded to
express the new language elements are defined in this clause.

NOTE — A cpnformjng program written in the base language is compiled correctly by a translator conforming to
this standard junless one or more of the newly defined keywords are used as an identifier in that program,

5.1 Additional Keywords

Standard Object Oriented Modula-2 includes the following keywords in addition to those used
in the Base Language:

"AS" | "ABSTRACT" | "CLASS" |
"GUARD" | "INHERIT" | "OVERRIDE" |
"READONLY" | "REVEAL" | "TRACED" |
"UNSAFEGUARDED"
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5.2 Additional Pervasive ldentifiers

Standard Object Oriented Modula-2 includes the following identifiers in addition to those
used in the Base Language:

"CREATE" | "DESTROY" | "EMPTY" |
"ISMEMBER" | "SELF"
6 Language

Object Oriented Modula-2 is an extension of the Base Language to prov|de for facilities fo
object oriented programming. The provided model has reference-based semantics and sin
inheritance; no facilities for type parameterization have been-included.

Summary of model characteristics
The following list provides an overview of the model.

— Access to objects: via references only.
— Arity of inheritance: single inheritance.
— Visibility modes: three modes via explicit visibility rules—hidden, family (for those
developing subclasses) and public.
— Constructors/Destructors (withoub parameters): class initialization/finalization (similar
to module initialization/finalization).
— Object allocation/deallocation: viaCREATE" and 'DESTROY" (untraced classes) /
implicit (traced classes).
— Type inquiries: test for~membership of a class-type family and selection in a guardec
region.
— Class syntax: different from modules and records because of new goncepts and simil
to modules andrecords because of visibility rules and type nature.
— Garbage cellection: on dedicated classes.
— Standardoot object: none.
— Genericity: none; this is subject of a separate part of this multi-part standard.
—  Operator definition: no.
—  Operator overloading: no.
— <—Method covariance: no.

Reference-based semantic model

The model for object-oriented programming for standard Object Oriented Modula-2 is to ust
reference-based semantics; i.e. object variables contain references to objects and assignn
copies references and not objects themselves. For exampndf are object variables,:=

y results inx having the same reference to an object $hhas; it does not copy to the
contents of the object referencedyby

NOTE — The consequence of this model is to allow objects to be created only dynamically.
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6.1 Class

A new kind

es

of entity is introduced, calledckass Classes are a new kind of type (calitaks

© ISO/IEC

type — the type of reference based objects — and can be used as any other type (see 6.8.7).
Classes are declared in implementation or program modules (referred to as "class
declaration"). In addition to a class declaration a class definition may occur in the
corresponding definition module. The class definition specifies an external interface for a
class in the same way that a procedure definition specifies an external interface for a

procedure.

A class deglaration or class definition opens a new scope (details see 6.1.1 and-6.1
identifiers dleclared in a class definition are also visible in a class inheriting from-this
(they are referred to damily visiblg. The identifiers declared in a class declaration are

visible in the class declaration of a subclass in the same module; to subclasses deg
other moduyles they remain hidden (see 6.1.6). The reveal clause allows one to

componen

that may be accessed from outside the class or its descendants; they a

referred to ps public components (see 6.1.5).

Abstract classes (and methods) are further described in subclause’6.1.3.

A class m

The variab
definition d
record type

The procec
of this (or &
(see 6.1.7)
types, met
described i

Finally, cla
time of objq

As the me
distinction
classes.

inherit from another class; this is further described in subclause 6.1.6.

e (state) components of a class do not denote variables in the usual way,
es not imply the association of storage with them. They act more like field
declaration.

ures declared in a class are called methods of the class. They always act o
descendant) class and have.areference to this object as an implicit first pg
They are not compatible.with normal procedure types and there are no

nod variables or method\eonstants. Methods can be overridden in subcla

n subclause 6.1.8.

5ses may contaifa constructor and a destructor, this code is to be execute
pct creation and-deletion (see 6.1.9 and 6.1.10).

hning of 4raced and untraced classes is different only with respect to obje
petween-these two kinds of classes is made in the description of the declar:

2). All
class
bnly
lared in
specify
e further

.e. their
5 of a

N objects
rameter
method
|Sses as

d at the

cts, no
htion of

6.1.1 Class Definition

A class definition defines a new structured type. Each value of the type has a collection of

components, called components of that class. The components are identified by their names.
The components can be accessed from outside the class via class hame qualification or via an
object designator (see 6.2).

NOTE 1 — The term "component” is already used in the Base Language (see Annex E of the Base Language).
Using it also for the components of a class is an additional usage, not a redefinition.
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A full class definition consists of a class header followed by a class definition body. The
identifier following the class definition body shall be identical to the class identifier.

A forward class definition consists of a class header followed by the keywao®@ARD.
Forward definitions of classes are needed to solve the declare-before-use-in-declaratic
problem e. g. in the case where two classes reference each other.

Concrete Syntax

class definition =
(traced class definition | untraced class definition ) ;
untraced class definition =

(Tormat class definition abstract class aefimition )
traced class definition =
"TRACED", ( normal class definition | abstract class definition ) ;

normal class definition =

normal class header, ( normal class definition body | "FORWARD" ) ;
normal class header=

"CLASS", class identifier, semicolon ;
normal class definition body =

[ inherit clause ],

[ reveal list ],

normal class component definitions,

"END", class identifier ;

abstract class definition =

abstract class header, ( abstract class definition‘\body | "FORWARD" ) ;
abstract class header=

"ABSTRACT", "CLASS", class identifier,semicolon ;
abstract class definition body =

[ inherit clause ],

[ reveal list ],

abstract class component definitions,

"END", class identifier ;

class identifier = identifier ;

normal class component-definitions = { normal component definition } ;
normal component definition =
"CONST", {constant declaration, semicolon } |
"TYPE", {itype definition, semicolon } |
"VAR", {\class variable declaration, semicolon } |
(normal*method definition | overriding method definition), semicolon ;

abstract class component definitions = {abstract component definition } ;
abstract component definition =
"CONST", { constant declaration, semicolon } |

"TYPE", { type definition, semicolon } |
"VAR", { class variable declaration, semicolon } |
(normal method definition | abstract method definition |
overriding method definition), semicolon ;

class variable declaration = identifier list, colon, type denoter ;
normal method definition = procedure heading;

overriding method definition = "OVERRIDE", procedure heading;
abstract method definition = "ABSTRACT", procedure heading;
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Declaration Semantics

As in a type definition, a class definition is used to introduce an identifier for the new declared
class type. As classes cannot be defined implicitly, each class type has its corresponding class

identifier.

Static Semantics
If present, the inherit clause shall be valid (see 6.1.6).

If present, the reveal list shall be valid (see 6.1.5).

© ISO/IEC

The identi

environment that applies at the point of the class definition (see also 6.1.6: inherit.claus

If a forward
that class.

If a class
implementa
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NOTE2 —T

NOTE 3 — |
declaration.

6.1.2 Class

A class de
component
The compg
qualificatio

A full class
identifier fo
A forward

Forward d
problem, e

Concrete S
class declara

iers declared in the class definition body shall be well-formed given

| definition of a class is made, it shall precede a corresponding. full definiti
The full definition shall be made in the same definition module.

definition exists for a class, this class shall be declaréed in the corresp
ition module. If this declaration is done in a local module, the name sh
nqualified to the outermost block.

nis rule is identical to the rule for declaring a procedure defiried in a definition module.

f an opaque type is defined in a class definition, it shall be declared in the correspondir]

Declaration

Claration defines a new structured type. Each value of the type has a colle
s, called components of the class. The components are identified by their
nents can be accessed from-the outside world via class name qualificatio
n of an object designator (see 6.2).

declaration consists(of a class header followed by a class declaration bog
lowing the class declaration body shall be identical to the class identifier.
class declaration,consists of a class header followed by the keyomRWARD.
bclarations of_classes are needed to solve the declare-before-use-in-de
g. in the case where two classes reference each other.

yntax
ion =

the
e ).

bn of

pnding
all be

g class

ction of
names.
N or via

ly. The

Claration

(traced o

lass“declaration | untraced class declaration ) ;

untraced clas

s declaration =

( normal class declaration | abstract class declaration ) ;

normal class declaration =
normal class header, ( normal class declaration body | "FORWARD" ) ;

normal class

"CLASS",

header=
class identifier, semicolon ;

normal class declaration body =
[ inherit clause ],
[ reveal list ],
normal class component declarations,
[ class body ],

"END", cl

ass identifier ;
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abstract class declaration =

abstract class header, ( abstract class declaration body | "FORWARD" ) ;
abstract class header=

"ABSTRACT", "CLASS", class identifier, semicolon ;
abstract class declaration body =

[ inherit clause ],

[ reveal list ],

abstract class component declarations,

[ class body ],

"END", class identifier ;

class body = module body:;

normal class component declarations = { normal component declaration } ;
normal component declaration =

"CONST", { constant declaration, semicolon } |

"TYPE", { type declaration, semicolon } |

"VAR", { class variable declaration, semicolon } |

normal method declarations , semicolon ;

abstract class component declarations = {abstract component declaration } ;
abstract component declaration =

"CONST", { constant declaration, semicolon } [

"TYPE", { type declaration, semicolon } |

"VAR", { class variable declaration, semicolon } |

abstract method declarations , semicolon ;

normal method declarations =

normal method declaration | overriding method declaration;
normal method declaration = procedure declatation;
overriding method declaration = "OVERRIDE", procedure declaration;

abstract method declarations =
normal method declaration | ahstract method definition | overriding method declaratio

Declaration Semantics

Like a type declaration, a class declaration is used to introduce an idd
declared class type. As classes cannot be declared implicitly, each
corresponding.elass identifier.

Static Semantics
A class.shall be declared at declaration level 0.

NOTFEN — For the definition of "declaration level 0" see Base Language 6.2.5.

Iif‘present, the inherit clause shall be valid (see 6.1.6)

If present, the reveal list shall be valid (see 6.1.5).

-

ntifier for the ne\
class type has

The identifiers declared in the class declaration body shall be well-formed given the
environment that applies at the point of the class declaration. If a corresponding clas
definition exists, the starting environment of the class scope shall be the environment of tr
class definition instead of the empty environment (see also 6.1.6: inherit clause ).

If a forward declaration of a class is made, it shall precede the corresponding full declaratio
of that class. The full declaration shall be made in the same block or in a nested local modu

from which it is exported unqualified.
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A class that is exported from a separate module that has a corresponding class definition in the
definition module, shall not be given a forward class declaration in the implementation

module.

Dynamic S

emantics

The elaboration of a class declaration shall associate, in the resulting execution environment,
the identifier of the class and the unique type that is the result of the elaboration of the class

declaration
NOTE2 —T

6.1.3 Abstr

Abstract cl
common e
methods n
for the int
incomplete

body.

he body of the class is executed on creation / destruction of an object of that type.

act Classes

lasses are used to define interface descriptions for a set of subclasses
ternal behaviour but different internal implementations. In an abstract class,
bed to be implemented, these abstract methods do have onlydhe procedur
erface description and are implemented only in subclasses. Because
ness it is not possible to instantiate an object of an abstract class.

Classes may be declared as abstract by prefixing them with the keABgIRACT.

NOTE 1 —

components are declared and no method has to be implemented (i-e.~all methods are abstract), this ded

empty.

Declaration

The declar
the except
instantiate

NOTE 2 — N
class can be

If the class
the class d

Static Sem

Within an
implementa

Semantics

htion semantics of an abstract class\is the same as that of a non-abstract o
on that the class identifier is_marked abstract, so it shall not be poss
AN object of that class.

lised, especially as a typéSMEMBER.

definition is marked abstract, the class declaration also shall be marked abg
bfinition is not marked abstract, the class declaration shall not be marked ab

Antics

abstract<{class, abstract methods may be defined. They do not h3
ition. As-long as there exist abstract methods, the class shall be abstract.

with a
not all
e header
of this

Like non-abstract classes, abstract classes always .need to have a declaration. If ng hidden

laration is

lass with
ible to

o other restriction is made for the‘use of abstract classes. It can be used anywhere a nofp-abstract

stract; if
Stract.

ve an
A\bstract

methods a1e marked with the keyw@BSTRACT.

If an abstract method is defined in a class definition, there shall be no declaration for this
method in the corresponding class declaration.

If there is a class definition, no abstract methods shall be specified in the corresponding class
declaration, as they could not be overridden by inheritors to make the class non-abstract.

6.1.4 Traced Classes

Two kinds of class are provided: traced and untraced. This allows two kinds of object to be
created: traced and untraced.

10
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A program that uses traced objects is safe from undetected dangling object reference erro
except when the tracing mechanism is deliberately subverted. The implementation guarante
this by the automatic initialization of traced object references and the automatic collection o
traced objects that are no longer referenced (see 6.3.6 and 6.7).

A program that uses untraced objects is not safe from undetected dangling object referen
errors. In such a program, it is the programmer's responsibility to prevent such an error k
ensuring that the program does not use uninitialized object references or references to obje
that have been destroyed.

An untraced class may have a finalization body that is executed when thg object is explicitl
destroyed. Traced objects are automatically destroyed in an ordenyand at a time that
implementation dependent. Therefore, a traced class shall not have-a*final|zation body.

Concrete Syntax

traced class declaration =
( normal traced class declaration | abstract traced class declaration ) ;

normal traced class declaration =

normal traced class header, ( normal traced class declaration body | "FORWARD" ) ;
normal traced class header=

"TRACED", "CLASS", class identifier, semicolon ;
normal traced class declaration body =

[ inherit clause ],

[ reveal list ],

normal class component declarations,

[ traced class body ],

"END", class identifier ;

abstract traced class declaration =

abstract traced class header,-(Qabstract traced class declaration body | "FORWARD"
abstract traced class header=

"TRACED", "ABSTRACT", "CLASS", class identifier, semicolon ;
abstract traced class declaration body =

[ inherit clause ],

[ reveal list ],

abstract class.€component declarations,

[ traced class-body ],

"END", ¢lass identifier ;

traced(class body = "BEGIN", block body;

Declaration Semantics

Sses, except that

Static Semantics

The static semantics of a traced class definition is identical to that for an untraced clas
definition.

The static semantics of a traced class declaration is identical to that for an untraced cla

declaration, except that it shall be an error for a traced class declaration to have a finalizatic
body.

11
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6.1.5 Reveal Lists

Components in a class definition / declaration are visible by default only in the class itself or
in subclasses. (We term thHamily visibility, see Annex C Glossary) To expose identifiers to
clients of a class the identifiers shall appear in a listewkaledidentifiers. In a class
declaration (i. e. in an implementation module) these rules also hold.

NOTE 1 — A subclass declared in the same module has access to all components of the class, as a subclass does
not depend on revealing (see 6.1.6).

Concrete Syntesx
reveal list = "REVEAL" revealed component list, semicolon ;

revealed conponent list = revealed component, { comma, revealed component } ;
revealed conponent = identifier | "TREADONLY" class variable identifier ;
class variablq identifier = identifier ;

Declaratior] Semantics

The compdnents listed in the reveal list are flagged to be accessible‘from outside the class (see
6.2).

Class varigbles may also be markRHADONLY to restrict the access rights, preventing
modification by a client (immutable entity, see 6.2.4).

Static Sempantics

REVEAL is bound to the rules for the separation“of definition and implementation mogules.
Thus, the feveal list in a class definition shall"not contain components defined in the class
implementation. The revealed componentszare accessible in all modules referring to thiat class
as clients |[(by importing the module .the class is defined in) and in the correspgnding
implementation module; i.e. components revealed in a class definition are automatically
revealed in|the corresponding class.declaration.

The reveal|list in a class declaration may contain components defined in the corresponding
class definition as well as those declared in the class declaration.

The reveal|list in a class declaration shall not contain components already revealed in the class
definition.

The reveal [list-shall not contain components defined in a superclass.

NOTE 2 — Each class is owner of the access rights of its components. If for any reason a subclass wants to
loosen access restrictions on a component of a superclass, it has to provide for access methods for this
component.

6.1.6 Inherit Clause

Classes may inherit from at most one other class. Inheritance is specified by the new keyword
"INHERIT" followed by the name of a class (which becomes the parent of the inheriting class).

12


https://iecnorm.com/api/?name=e9864f373e8baa24832fe4a724bf2c1e

© ISO/IEC

ISO/IEC 10514-3:1998(E)

Subclasses are subtypes in the following sense: if Blagserits from class, B is a subtype

of A. Object variables of type will then be assignment compatible to object variables of type
A. Object variables of type will not be assignment compatible to object variables of Bype
(according to the type system of Object Oriented Modula-2, see 6.3.1). Therefore, the stat
type of an object variable (the one used to declare that variable) may be different from th
dynamic type of the object that is referenced by this variable; the dynamic type may be
subtype.

Concrete Syntax

—mherttanse =" tINHERIT* Tlass type Tdemntifier; sermicotor;
class type identifier = type identifier ;

Declaration Semantics

If classB inherits from clasg, the environment for the elaboration.of the ent|ties shall be

the same as if the already declared entitiea @fere actuallyCdeclared in the place of the
inherit clause. Inheritance does not cause nested scopes. Therefore, an |dentifier shall not
redefined or redeclared by an inheriting class (methods may be overriddgn but not redefine
see 6.1.8).

NOTE — As a result, clag® contains all entities o0& plus all the-additional entities &

Static Semantics

If a class definition exists, inheritance*~may only be specified in thg class definition.
Conversely, inheritance may only berused in a class declaration if no ¢orresponding cla:
definition exists.

It shall be an error for a traced>class to inherit from an untraced class. It shll be an error for
untraced class to inherit from*a traced class.

6.1.7 Class Componpents

The elaboration ‘ef ‘class component definitions/class component declaratipns acts similarly |
the elaboration 'of definitions/declarations described in the base language. There are sor
differences with class variables and methods that are described in this subclause.

Declaration Semantics
Class variables:

Aclass variable is collected to the type structure of the class at declaration time (like a field c

a record to the type structure of that record); at run-time this structure is used to alloca
storage for each object.

Methods:

Each method definition / declaration establishes an implicit first formal parameter with the
parameter identifiesELF; the type ofSELF shall be a reference to the class the method is
declared in.

SELF shall denote an immutable entity (see 6.2.4)

NOTE — The fact thaSELF is the first parameter with respect to the formal elaboration has no implication on
the implementation, e. g. in what position this parameter is actually passed.

13
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Dynamic Semantics
Class variables:

No storage
Methods:

is allocated for a class variable (see above).

© ISO/IEC

A call to a method automatically binds the object reference used to invoke the call (see 6.2.2)
to the implicit first parameteELF.

6.1.8 Overridden Methods

Methods of an an SS
Overridden methods preserve the method interface but replace the implementation;-Method
calls (via dynamic object access) will always refer to the method implementation accerdging to
the dynamig type of the object.

Declaratior] Semantics

By overriding an existing method, no new component is established. The meaning |of the
overridden |method is replaced by the meaning of the overriding method.

For the ovarriding method, the type of the implicit paramgeterF,.is’the type of the class in
which this fnethod is overridden.

Static Semantics

To be able[to override an existing inherited method,-the method definition/declaration |of the
subclass c@ntaining the override shall be marked-by the new kepwBRRIDE.

If a class definition exist$HVERRIDE shall be.-used in both the class definition and the dlass
declaration| if the method is to be overridden. Failing to do either of these will resulf in a
compilatior] error.

A method |that is marked as coverridden shall exist in an ancestor class; otheryise a
compilatior] error shall occur.

The overriding method shall have the same number, positions, and types of parametels as the
overridden (method; otherwise a compilation error shall occur. If the overridden methqd is a
function procedure_method, the overriding method shall also be a function procedure method
and additiopally tethe restriction on the parameters the result types shall be identical.

6.1.9 Constructar

A constructor of an object is code that is executed during its creation. A class declaration may
contain a class body (which has the same syntax as a module body) in which the initialization
part of the body plays the role of a constructor.

Declaration Semantics

As with the elaboration of a method declaration, the elaboration of the initialization part of a
class body shall establish the implicit parametarF, usable inside the initialization part as a

reference to the object under construction. The initialization body shall be added to the
(possibly empty) constructor chain.

14
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NOTE 1 — The construction of the constructor chain is similar to the construction of the initialization chain of

modules; the import relationship is replaced by the inherit relationship.

Static Semantics

The environment of the initialization part shall be that established at the beginning of the clas

body, overwritten by the (implicit) declaration of the formal param&ter.

Dynamic Semantics

I'ne constructor Is automatically Invoked on creation Of an object or in
6.3.3).

b given class (se

For inheritance chains, the execution order of the constructors is from rogt class to leaf clas

i.e. the constructor of a superclass is executed before the iconstructor
execution of the constructor of a superclass is not a call fromxwithin the ag
acts like the initialization of dynamic modules within a procedure. In partic
handler within a constructor of a class does not protect'the execution of
superclass.

Constructors are executed in their static contexts.i. e. all method calls durir
are done without dynamic dispatch. On a call to an abstract method, an €
whose detection is mandatory (see 7.1.3)

of a subclass. T
tual constructor bl
ular, an exception
the constructor of

g construction tim
xception shall occ

NOTE 2 — No dynamic overhead is caused by this check, as it can be done within a default body for abstra

procedures.

6.1.10 Destructor

A destructor of an ohjéct is code that is executed during the destruction o
declaration may contain a class body in which the finalization part of the
of a destructor.

Declaration Semantics

As with'the elaboration of a method declaration, the elaboration of the fi
class*body shall establish the implicit paramstiF, usable inside the finaliz

f the object. A cla
pody plays the rol

nalization part of e
ation part as a

reference to the object under destruction. The finalization body shall be added to the (possit

amnh D\ doctriictar chann

Tl IPLyl UL OLTUuLiurl uitaann'.

Static Semantics

The environment of the finalization part shall be that established at the beginning of the clas

body, overwritten by the (implicit) declaration of the formal param&ter.

Dynamic Semantics

The destructor is automatically invoked on destruction of an object of the given class (se

6.3.4).

15
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For inheritance chains, the execution order of the destructors is from leaf class to root class,
i.e. the destructor of a superclass is executed after the destructor of a subclass. The execution
of the destructor of a superclass acts like the finalization of dynamic modules within a
procedure. In particular, an exception handler within a destructor does not protect the
execution of the destructor of a superclass.

NOTE — Whereas the constructor is executed in its static context, the destructor is executed in the dynamic

context.

6.2 Access_ta Class (‘nmpnnnntc

Inside a class, all components are visible according to the scope rules. This is_also

component
syntax is re
this subcla

For users
provided by
as 'REVEAL]

6.2.1 Acce

Access by
no object f
constant id
accessed i

Concrete S

qualified iden
{ qualifyin

Static Sem

If a class id
by the give

s of superclasses (with exception of overridden methods). Therefere; no
pgquired; the meaning of the access to attributes and methods isdescribed
Ise.

pf a class (the clients), access to class entities from odtside the class
qualifying either a class identifier or an object variable @nly components n
are accessible from outside.

5s by Class Identifier

pr an attribute to belong to or for a method to act on, only type identifier
entifiers (including identifiers specifying the values of an enumeration type) ¢
N this way.

yntax

fifier =

g identifier, period }, [ class identifier, period ], identifier ;

Antics

entifier is provided, the identifier is looked for in the scope of the class spe

n class identifier. No class variable or method can be accessed from outs

frue for
special
later in

$cope is

arked

class identifier acts like the qualification by*a module name. As in this case there is

5 and
tan be

cified
lide the

class. No unrevealed.component shall be accessed from outside the class. If no class [dentifier

is provided
NOTE — As

the definition of the base language holds.

the components defined in a superclass become part of the scope of a subclass, the iden

be defined ei‘her in the given class or in a superclass.

ifier may

6.2.2 Access by Object Selection

Access by object selection acts like selection of a record field. With object selection, all

components of a class are accessible from inside the class, all revealed components are
accessible from outside the class. For class inheritance trees, it is possible to specify the class
where the selected identifier shall be looked for.

NOTE 1 — Though in principle allowed by the syntax of selection, access to a type identifier declared in a class
by object selection is impossible because of the general syntax governing the rules of the use of types.

16
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Value designator and variable designator are described together, as constant object referen
shall not occur (see static semantics). The rules given in the base language describe 1
meaning of the selected components, the access of the values of the selected components,
the assignment to the selected components.

Concrete Syntax

variable designator = entire designator | indexed designator | selected designator |
dereferenced designator | object selected designator ;
object selected designator = object variable designator, period, [ class identifier, period ],
class variable identifier ;
okl

akbi $oasariablao docian ooy — (o Adaecianatar
Ot vaimaioCc—UC STyTTatoT — varmaouTc— aT SigratorT,

value designator =
entire value | indexed value | selected value | dereferenced value | object selected value ;
object selected value =
object value designator, period, [ class identifier, period ], entity identifiet ;
object value designator = value designator ;
entity identifier = identifier ;

Static Semantics

The object variable designator/object value designator shall denote an opject variable/valu
The declaration of constant object values shall be“an errorsy.seEM. CAST|shall not be
enhanced to allow a class type as first parameter and a constant as seconf parameter.

The type of an object variable designatér / object value designator shal| be the type of tt
component identifier.

If a class identifier is specified, it<shall denote the class of the object variable or a supercla:
of this class. In this case, the selected identifier shall be looked for in the specified class.

NOTE 2 — Specifying a class isiused to call to an overridden method. In all other cases, it has no speci
functionality; it only verifies that'the entity is available in the specified class scope.

NOTE 3 — The access to.a constant by object selection is not a constant expression.

Dynamic Semantics

The object variable designator shall be evaluated to give a variable P whjch is a reference
an object of.the type of the object variable .

An excéeption shall be raised, if the object reference is the empty reference|(see 7.1.3).

An-exception shall occur (but need not be raised), if the object reference ig undefined.

An exception shall occur (but need not be raised), if the object reference is a reference to t
wrong class, i.e. not to the class given by the object variable or a descendant class of tt
class.

The exception that is to be raised in case of an empty reference is defined in subclause 7.1
the exceptions that may be raised in the other two cases are those defined in the be
language.

Access to a constant by object selection gives the value of this constant.

Access to a class variable by object selection gives the value stored in this class variable.

17
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Access to a method by object selection always results in a procedure call. The meaning of
procedure calls and the meaning of argument binding as defined in the base language apply
with the addition, that the object reference used for the access to the method becomes the

value for th

e first implicit parametesgLF).

6.2.3 Access in Subclasses

As all components of a class are visible in subclasses (except hidden components, if the
subclass is declared in another compllatlon unit), no class speC|f|cat|on/object variable is

needed to ; apply.
For the acqess to class variables and methods (which can only occur in the statement part of a
method or |n the class body), the implicit parametaF defines the object the class varialle
belongs to pr the method it acts on.

The optiongl specification of the class identifier of a superclass is also possible for the|access
to class components within a subclass (see concrete syngaxiifafd identifier). In this case,

the compoment is looked for in the given scope (as described in theprevious subclausgs). This
kind of access is used to access overridden methods that are-no longer accessible djrectly in
the subclags.

6.2.4 Immutable entities

Entities thgt shall not be changed are cailechutableentities. Immutable entities occurring

in this stangard are:

— the implicitSELF parameter of methods, constructors and destructors,

— the class variables markeghdonly when-used by a client,

— the object denoters declared in the ebject denoter paguafded statement sequence.

Static Semantics

Immutable ¢ntities shall not occur on the left hand side of an assignment statemen{ or as
actual parameter for a formahR-parameter.

NOTE 1 — This also prevents “threatening"®YSTEM.ADR.

Dynamic Sgmanties

An exceptipn shall occur (but need not be raised), if an immutable entity is changed (see
7.1.3).

NOTE 2 — A class variable markedadonly is immutable only when accessed by a client; it may well be
changed from within a method of the defining class and its descendants.

6.3 Object Variables

Object variables always store references to objects. Any operation on object variables is an
operation on the object reference, not on the object itself. Therefore, objects shall be explicitly
created and either explicitly destroyed (untraced classes) or implicitly destroyed by garbage
collection (traced classes).

18
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6.3.1 Assignment

The assignment compatibility rules and the meaning of the assignment statement are extenc
for objects. Objects are not only assignment compatible to object variables of the same cla
but also to object variables of any ancestor clas®TY is assignment compatible to any
object variable.

Static Semantics

The type T of an object variable denoted by a variable designator shall be assignment
compatible with the type. Iof the value of an expression, if any of the following statements is

true:

— Tvand T, are identical types.
— T.is a subclass ofvl

—  T.is the empty type.

Dynamic Semantics

The execution of an object variable assignment statement shall cause [the object referer
value resulting from the elaboration of the expression<o become the new value of the obje
variable denoted by the variable designator.

All rules defined for the elaboration of an assignment statement as defined in the Bas
Standard also apply for object variable assigoments.

6.3.2 Comparison

The relational operators are overleaded for object reference comparison. Two comparisc
operators are provided, test for equality ("=") and test for inequality ("<>" [or "#"). However,
both operators compare objectreferences, not objects themselves.

Static Semantics

Both operands of ancobject reference comparison shall be of object|types. One of tr
following shall hold
— The type of.the left operand is assignment-compatible to the type of the right operand.
— The type-ofithe right operand is assignment-compatible to the type of|the left operand.
— Both operands denote the empty reference.

The result'of an object reference comparison shall be of the Boolean type.

Dynamic Semantics

The' evaluation of the left and right expression of an object reference conrparison shall rest
in'two values which are references to objects.

The value of an object reference equality operation shall be the tvaduié and only if the
two references are identical.
The value of an object reference inequality operation shall be thetwaéué and only if the
two references are different.

6.3.3 Creation

Objects are allocated storage and thereby instantiated by a call to the new predefine
procedurecREATE, a template for which is given below:

CREATE (variable [, type])
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Static Semantics

"variable" s

hall denote a variable designator which is of class type.
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The second parameter, if present, shall be a type parameter that denotes a class type which is
assignment compatible to the type of the first parameter.

The dynamic type of the new object is either the statically declared class type of "variable" or,
if present, the class type specified by the second parameter. That is, a variable statically

declared to

be of one class type could be dynamically created with a subclass type.

If the type o¢f the first parameter denotes an untraced class, the ideatifiecATE" shall be
visible as r¢quired by the pervasive procedosw".

Dynamic Sgmantics

If the first
allocate-tr
storage is &

If storage g
otherwise &

NOTE — No

arameter to a call tOREATE is a variable of the traced class-type, then

ed-object-storagéo allocate storage for the object. For-an untraced obj

lllocated by a callAbLOCATE.

annot be allocated for the object, the valwrery shall be assigned to "variable
| reference to the new object is stored in "variable™.

pxception occurs in the case of an unsuccessful storage‘allocation.

If storage

garb
and th
The c

6.3.4 Destr|

Invoking th

llocation was successful,:
If thelrst parameter to a call to CREATE |s a variable of a traced class type, th

e collector shall be informed afiew:traced-variablen respect of the new valu
en informed of defunct-traced-variablén respect of the old value (see 6.7).
pnstructor chain of the new objeet shall be executed.

Lction

e destruction of an object is different for traced and untraced objects.

Traced ob

dangling references to them (see 6.7).

Untraced opjects are explicitly destroyed by a call to the new predefined probeguroY,
a template [for. which is given below:

ects are impficitly destroyed by garbage collection, if doing so will leav

LISe
ect,

N the
g

e No

DESTROY (variable)

Static Semantics
"variable" shall denote a variable designator which is of object type of an untraced class.

The identifierDEALLOCATE shall be visible as required by the pervasive proceniSroSE.

It shall be an error for the parameter to a catbe$TROY to be a variable of the traced class

type.
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Dynamic Semantics

If "variable" contains the empty reference, an exception shall occur and shall be raised as f
any other access to an object via the empty reference (see 6.3.5).

The destructor chain of the object shall be invoked, i.e. the destructors are elaborated in tl
reverse order of the constructors (see 6.1.10).

The storage occupied by the object shall be returned by a ca&hta OCATE.
NOTE — For the call t®EALLOCATE, the dynamic type of the object (and the space it occupies) is detected by

therontimesysten:
6.3.5 Empty Reference

A new constant, denoted by the new pervasive idenBff@®TY, is introduced and denotes the
non-existing object. The type &vPTY is theempty type The value ofEMPTY shall be an
object reference distinct of all references to existing ohjects, it is referencethag
referencewithin this document.

EMPTY is compatible with all object references (see 6.3.1 and 6.3.2).
Any attempt to access an object via an object variable whose value is the empty referen
shall be an exception whose detection is mandatory (see 7.1.3).

6.3.6 Traced Object References

Traced object references in global, local and class variables are initializ
implementation. This ensures that@angling object reference errors caused by the use of obj
references that do not point to valid objects will raise an exception.

The programmer is not permitted to destroy a traced object. The implemgntation is permitte
to destroy a traced object when doing so will leave no dangling refgrences to it. The
implementation does:this by tracking references to traced objects stored in global and loc
variables and parameters. This ensures that dangling object reference prrors caused by
destruction of anvobject that has more that one reference to it can not occur.

NOTE 1 — The-programmer indicates that a traced object can be destroyed by assigning to all variables
parameters that’ reference the object the viaMiTY or a reference to another traced object.

NOTE 2~=An implementation is not required to track references to traced object stored |n dynamic variables c
obtained’by the use of procedures from the system meYHEEM.

NOTE 3 — Whether and when an implementation destroys a traced object is implementation dependent.

6.3.6.1 Initialization of Object Referencing Variables

Dynamic Semantics

Global elementary variables of a traced class type and components of global structure
variables of a traced class type shall be automatically initialized with the xRy as each
static module and the program module is elaborated (see 6.8.2).

NOTE 1 — This includes the initialization of variables declared in local modules.

NOTE 2 — Initialization of these variables is performed before any finalization body is queued.
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Local elementary variables of a traced class type and components of local structured variables
of a traced class type shall be initialized with the vamMeTy on activation of a procedure
(see 6.8.2).

NOTE 1 — This includes the initialization of variables declared in local (dynamic) modules.

NOTE 2 — Initialization of variables is performed before any local modules are initialized.

Elementary class variables of a traced class type and components of structured class variables

of a traced

class type shall be initialized with the valueTy on creation of an object.

Class variaptesshattbe mitiatized before the constructor chailt of a Nnew object 1S executed.

NOTE 3 — It
NOTE 4 — It
6.3.6.2 Cre
Dynamic S

When an o
object and

NOTE 1 — It

When a trg

shall be informed that the object referred to iS-referenced by the formal parameter (s¢

and 6.8.4).

When a st
formal par
referenced

When a v
an object

implicitly referenced by the parameter.

NOTE 2 — |t is not(necessary to trace the subsequent passing of such a formal parameter via a
parameter becausesitis protected from collection by the traced reference created by the initial call.

is not permitted to declare a variant field of a record to be a traced class type (see 6.8.2).

is not permitted to declare a variable that points to a traced object reference (s€g’6.8.2).
ation of an Object Reference

Pmantics

bject of a traced class type is created the garbage collector shall be informg
pf the variable to which the initial reference was assigned (see 6.3.3).

is not permitted to declare a variable that points to atraced object reference (see 6.8.1).

lced object reference is bound to a value formal parameter the garbage ¢

uctured value that contains.at least one traced object reference is bound tg
ameter the garbage collector shall be informed that the objects referr
by the formal parameter components (see 6.8.5 and 6.8.4).

iable actual parameter to a procedure call is the designator for a class vaf
f a traced class type the garbage collector shall be informed that the o

d of the

ollector
e 6.85

a value
bd are

iable of
pject is

variable

6.3.6.3 Changing an Object Reference

Dynamic Se

mantics

When a new value that is nBMPTY is assigned to an elementary variable of a traced class
type the garbage collector shall be informed that the variable now points to the object
referenced by the new value. If the previous value wagwmpety, then the garbage collector

shall be informed that the variable no longer references the object previously referred to by the
variable (see 6.8.4).
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When a new value that is nB¥MPTY is assigned to a component of a structured variable that
is of a traced class type the garbage collector shall be informed that the variable's compone
now points to the object referenced by the new value. If the previous value WagAToL

then the garbage collector shall be informed that the variable’s component no longe
references the object previously referred to by the component (see 6.8.4).

NOTE 1 — It is not permitted to declare a variable that points to a traced object reference (see 6.8.1).

NOTE 2 — It is not permitted to declare a variant field of a record to be of a traced class type (see 6.8.1).

6.3.6.4 Deletion of an Object Reference

Dynamic Semantics

On completion of the execution of a procedure block or if an exeeption is raised during th
execution of the body of a procedure block that has no exceptiopal part, pr if an exception

raised during the execution of the exceptional part of a procedure block, the following shall b
performed:

— The garbage collector shall be informed that local‘e€lementary variables of a traced clas

type and components of local structured variables of a traced clas

contain the valuEMPTY no longer contain an‘active reference (see 6.8.

The garbage collector shall be informed that value formal paramete
type that do not contain the val@PTY no longer contain an active
6.8.2).

The garbage collector shalk'be informed that components of struc
parameters of a traced class type that do not contain theBriTe no Iq
an active reference (see'6.8.2).

The garbage collector shall be informed that the variable paramete
call that were designators for a class variable of a traced class type

5s type that do n
3).

Is of a traced clas
reference (see

fured value forma
nger contain

rs to the procedu
no longer contain

active reference.

On destruction’ of an untraced object the garbage collector shall be infgrmedebtinat-
traced-variablefor each class variable of the object that is an elementary yariable of a tracec

class type or component of a structured variable of a traced class type thal does not contain
valueEMPTY.

efua idbldor the class
variables of a traced object because thls is |mpI|C|t in the object becomlng collectable (see 6.7).

At the end of the lifetime of a coroutine, for each active traced object reference stored in th

coroutine's workspace the garbage collector shall be informed that the reference is no
defunct (see 6.8.6).

6.4 Membership Test

The new pervasive function procedus®EMBER is introduced to determine the dynamic type
of an object.
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Static Semantics

ISMEMBER takes two parameters, which may be either object value designators or type
parameters of class type. The result typs®EMBER is the Boolean type.

Dynamic Semantics

If not a type parameter, the parameters are evaluated and the dynamic type of each is
determinedISMEMBER returns true, if and only if the (dynamic) type of the first parameter is
a descendant of or equal to the (dynamic) type of the second parameter.

NOTE — If the fi naramete an obhiject and the secaond a cla Nel AEIFRBER

object is assignment compatible to the specified class.

6.5 Guard Statement

A new gudrded region statement is introduced (keywawdRD) to provide-an efficient
combinatiop of type assertion (in which the dynamic type is asserted-to be compatible|with a
static type)|and type selection.

Concrete Syntax
statement = .|. | guard statement;

guard statemgnt =
"GUARDT, guard selector, "AS", guarded list,
['ELSE" gtatement sequence],
"END";

guard selectdr = expression ;

guarded list 9§ guarded statement sequence {vertical bar, guarded statement sequence} ;
guarded statgment sequence =
[[object denoter], colon, guarded classtype, "DO", statement sequence] ;
guarded clas$ type = class type identifier;
object denotgr = identifier ;

Static Semantics
The guard gelector shall-be a well formed expression of a class type.

Dynamic Sgmastics

When exequfing the guard statement, the guard selector is evaluated. The dynamic type of the
selector objettis thetked agaimnst the ctlass types and the first (i texicat order) matching

guarded statement sequence is selected. The dynamic type of the guard selector object
matches a guarded class type if it is assignment compatible to that type but not the empty
reference, i. e. it is of the guarded class type or one if its subclasses.

If the selector object does not match any of the guarded statement sequergiest thaat of
the guard statement shall be executed (if present); otherwise an exception shall be raised (see
7.1.3).

NOTE — The empty reference always selectsHh&E part (or raises the exception).
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6.5.1 Guarded Statement Sequence

Within a selected guarded statement sequence, the selector object is accessible via the ob
denoter (if present).

Static Semantics

The guarded statement sequence opens a new scope (like the with statement), the obj
denoter, if present, is declared in this scope. The object denoter is an immutable entity insi
the statement sequence and has the static type as specified by the guarded class type.

statement sequence shall be well-formed within this scope.

Dynamic Semantics

If the guarded statement sequence is selected, the object reference that results from
evaluation of the guard selector is assigned to the object denoter (if [present). Then ti
statement sequence is executed.

6.6 Safeguarded Modules

Unless a compilation module is tagged as unsafeguarded it shall contain neither untrac
objects nor statements that threaten the ability of the garbage-collector t¢ track references
traced objects. A compilation module is tagged as unsafeguarded by ingluding the keywor
UNSAFEGUARDED in its module header (s€e'6.8.1).

If a program contains no unsafeguarded modules then it is guarante¢d to be safe fro
undetected dangling object reference errors. A program that contains ungafeguarded modu
is no longer safe from such errers. In such a program, it is the programmer's responsibility 1
ensure that the unsafeguarded’modules do not cause such errors.

NOTE 1 — Even in a program«that contains no unsafeguarded modules, dangling object feference errors can s
be caused by injudicious use:ef features fronSth&TEM module.

NOTE 2 — Modules that do not use object oriented extensions are safeguarded by definition.

6.7 Garbage Collection

The garbage collector identifies and has the option to destroy traced objedts that are no long
referenced. Along with the automatic initialization of traced object refer¢nces this ensure
object safety by guaranteeing not to destroy an object that is referenced py a global, local
class variable or by a procedure parameter. It does this by tracking the rg¢ferences to a trac

object and only destroying it when to do so will leave no dangling references to it.

NOTE 1 — An implementation is not required to track references to traced objects obtained by the use
procedures from the system mod@eSTEM. If such untracked references are the only references to a traced
object the implementation is allowed to collect the object.

NOTE 2 — It is not the intention of this standard to specify the way traced object references shall be tracked. A
implementation is free to use any scheme that has the same behaviour as the one specified.
The garbage collector allocates and deallocates storage for traced objects.

NOTE 3 — This standard does not provide a means (for a user of an implementation) to replace the stora
management scheme employed for traced objects.
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Dynamic Semantics
This specification models the behaviour of the garbage collector in terms of operations on a

map from
enabledwhi

objects to sets of references. The operations refer t@dldbgge-collection-
ch is maintained by procedures of the system maelRBAGECOLLECTION (see

© ISO/IEC

7.2). Before module initializatiomgarbage-collection-enableid set to be true, and the map is
set to be empty.

When a variable is set to refer to a newly created object, the object shall be added to the map

in associati
variable

on with a singleton set containing the variable. Such an operatioewsteaced-

When a re
that set of
traced-varis

When a re
that set of {
variable

At times th
enabled the
NOTE4 —T
even at all.

When the
occupied b

the se

erence to a non-empty object is made, the referring variable shall becincly
the map which is associated with the object. Such an operatioadditzonal-
able

erence to a non-empty object ends, the referring variable shlialt be exclude
he map which is associated with the object. Such an operatefimet-traced-

at are implementation dependent, but subject to the-trgarlodge-collection-
garbage collector shall attempt to reclaim object ‘storage.

Nis specification does not oblige an implementation to attempt reclamation at any particular

garbage collector is reclaiming object.storage it shall only reclaim the m
y an object if either of the following is true:

t of references associated with the object is empty

all va
sets
that a

NOTE 5 —
object are co

NOTE 6 —
objects. It th

When the

from the mg

dependent

iables in the object's set of references are components of objects whose as

e directly or indirectly-components of such objects.

is specification allows an object to be collected when the only remaining active references
tained within objects-that may also be collected.

his specification does not oblige an implementation to reclaim all, or even any, unrefe
refore allows a.garbage collector to be "leaky".

Ided in

bd from

ime, or

Emory

Sociated

gontain only variables that_are components of the object in question, or variables

to that

renced

 object

manner. Such an op
object storage cannot be allocated the vaMeTy is returned.

eration islotate-traced-object-storagdf the requested

tation

When storage is no longer required for a traced object it shall be deallocated in an
implementation dependent manner. Such an operatioteigllcate-traced-object-storage

6.8 Changes to the Base Language

This subclause describes, where changes in the definition of the base language have to be
made in order to incorporate the extensions described in this standard. A collection of the

changes to
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6.8.1 Module Header
Program Modules

Concrete Syntax

The concrete syntax is changed to allow the module to be tagged as unsafeguarded
permitting the optional keywordNSAFEGUARDED to appear before the keywokbDULE

(Base Language 6.1.2).

Static Semantics

‘I'he 1ollowing test Is added to the well-Tormed rules Tor the module (Base,L

Unless the module is tagged as unsafeguarded in its header, it ishall
following:
An import that directly or indirectly causes the import of an untraced g

NOTE 1 — This includes the import of
— an untraced class type
— a structured type that contains a component of an untraced class type
— a procedure type that returns a value of an untraced class\type
— a procedure type that returns a structure that contains.a component of an untraced
of any variable or procedure that is of such a type.

A declaration of an untraced class type
A call of SYSTEM.CAST with a variable of a traced class type or a st
contains a component of a traced-glass type as the second actual pa
A call that passes a variable of<a’traced class type or a structured
component of a traced class type as a value actual parameter to an
OF LOC.

A call of SYSTEM.ADR witlra class variable (attribute) as the actual pat
A call that passes a class variable (attribute) as a variable actual par
fixed ARRAY OF LOC.

Definition Modules

Concrete Syntax

The concrefesyntax is changed to allow the module to be tagged a
permitting.the optional keywordNSAFEGUARDED to appear before the keyw
(Base-L.anguage 6.1.3).

Static Semantics

anguage 6.1.2):

contain none of t

lass type.

class type or the imf

uctured type that
ameter.

type that contains
bpenArRxed

ameter.
pmeter to an open

5 unsafeguarded
DDE FINITION

The following test is added to the well-formed rules for the module (Base L

anguage 6.1.2):

Unless the module is tagged as unsafeguarded in its header, it shall contain none of t

following:

NOTE 2 — This includes the import of
— an untraced class type
— a structured type that contains a component of an untraced class type
— a procedure type that returns a value of an untraced class type

An import that directly or indirectly causes the import of an untraced class type.

— a procedure type that returns a structure that contains a component of an untraced class type or the imf

of any variable or procedure that is of such a type.

A definition of an untraced class type.
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Sourced Implementation Modules

Concrete Syntax

The concrete syntax is changed to allow the module to be tagged as unsafeguarded by
permitting the optional keyworduUNSAFEGUARDED to appear before the keyword
IMPLEMENTATION (Base Language 6.1.4.1).

Static Semantics
The following test is added to the well-formed rules for the module (Base Language 6.1.4.1):

Unless thel module is tagged as unsafeguarded in its header, it shall contain nong of the
following:
— Animport that directly or indirectly causes the import of an untraced class‘type.
NOTE 3 — This includes the import of

— an untrpced class type

— a strucjured type that contains a component of an untraced class type

— a procegdure type that returns a value of an untraced class type

— a procedure type that returns a structure that contains a component of an\untraced class type or the import
of any varjable or procedure that is of such a type.

— A dec]aration of an untraced class type.

— Acalljof SYSTEM.CAST with a variable of a traced‘elass type or a structured typg that
contajns a component of a traced class type as the.second actual parameter.

— A callthat passes a variable of a traced class:type or a structured type that contains a
comppnent of a traced class type as a value actual parameter to an open ¢r fixed
ARRAY OF LOC.

— Acalljof SYSTEM.ADR with a class variable (attribute) as the actual parameter.

— A calljthat passes a class variable (attribute) as a variable actual parameter to an|open or
fixed ARRAY OF LOC.

NOTE 4 — If a definition module is unsafeguarded its implicit import into its implementation module |shall
require that njodule to be tagged as unsafeguarded .

6.8.2 Definjtions and Declarations

Definitions
The "class definition"(iS added to the description afefinition”.

Declaratiors

n 1 . n . alal ol I | + H £ 11 . 1]
The class dectaratior tS—ataet tU tl I UCDL;II}JtIUII wiedidarauorr .

Qualified Identifier
The possibility of qualifying a class identifier is added to the descriptioguaiffied identifier".

Variant Records

It shall be an error to declare a type that is or contains a record with a variant of a traced class
type (Base Language 6.2.9, Type Declaration).

It shall be an error to declare a variable of a type that is or contains a record with a variant of a
traced class type (Base Language 6.2.10, Variable Declaration).
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Pointer Types

It shall be an error to declare a pointer type with a bound type that is a traced class type ot
structured type with a component that is of a traced class type (Base Language 6.2.9, Ty
Declaration).

It shall be an error to declare a variable of a pointer type with a bound type that is a trace
class type or a structured type with a component that is of a traced class type (Base Langu:
6.2.10, Variable Declaration).

Variable Allocation

Add in allocate-a-variable before the return perform (Base Language»|6.2.10, Variable
Declaration):

If the variable is of a traced class type, then assign the #alBgYto-it. If the variable is
structured, then assign the valePTY to each of its components that are pf a traced class

type.

Parameter Deallocation

Add in deallocate-parameterbefore deallocate-storageerform (Base Language 6.2.11.1,
Proper Procedure Declarations, Auxiliaries):

If the parameter is of a traced class type,-then the garbage collector shpll be informed of
defunct-traced-variabl¢see 6.7). If the parameter is structured, then for eagh component tha
is of a traced class type the garbage collector shall be informediefdiract-traced-variablén

respect of each object referred to (see 6.7).

6.8.3 Blocks

Add in deallocate-declarationdefore deallocate-storageperform (Base Language 6.5.1
Proper Procedure Blocks, Auxiliaries).

If the variable is of a traced class type, then the garbage collector shall be informed of
defunct-traced-variabl¢see 6.7). If the variable is structured, then for each [component that is
of a traced class type the garbage collector shall be informed of a defungt-traced-variable
respect of €ach object referred to (see 6.7).

6.8.4 Statement Part

Statement
The "guard statement™ is added to the alternatives defined fegntement".

Assignment

Additions have to be made to the rules for assignment compatibility and to the meaning of tr
assignment statement to cover the assignment of object references.

Add in elementary-variable-assignmeatter both instances ahange-valugperform (Base
Language 6.6.3 Assignment Statement, Dynamic Semantics):

If the assignment is to a variable of a traced class type, then the garbage collector shall first
informed of anadditional-traced-variablan respect of the new value and then informed of a
defunct-traced-variablén respect of the old value (see 6.7).
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Relational Operations
The rules for the comparison of object references have to be added to the rules for relational

operations.

6.8.5 Parameter Compatibility and Argument Binding

© ISO/IEC

Add in bind-valuebeforeassignperform (Base Language 6.9.4.1 Argument Binding to Value
Parameters, Dynamic Semantics):

If the paran
structured,

type.
6.8.6 The N

Change in
Interface to

Add the following to the pseudo-definition module:

PROCEDUR
(* Asserts th
the end of

")

Declaration
Add corou

New Base

The procec
reached th
informs  thg
workspace

NOTE — A
transfer can,

neter is of a traced class type, then assign thearsae to it. If the parameteris
then assign the vakEmPTY to each of its components that are of a traced g

lodule COROUTINES

the description of the pseudo modidROUTINES (Base .Language 7.2.1 Th
COROUTINES)

E COROUTINEDONE (cr: COROUTINE);
at the coroutine identified by cr has reached
its lifetime.

Semantics
TINEDONE to map as £&OROUTINE-PROPER-PROCEDURE

|_anguage 7.2.3.7 The Procedure COROUTINEDONE

lureCOROUTINEDONE Is” used by the programmer to assert that a coroutine
e end of its lifetime, and that no further transfer to the coroutine will occur
p garbage collector that any active traced object references contained
of the coroutine are now defunct.

call of COROUTINEDONE does not prevent a later transfer to the specified coroutine. SU
however, result in erroneous operation, and is analogous to transferring to a coroutin

lass

e

has
. This
in the

ch a
e whose

workspace is

nédonger available.

Static Semantics

A call of COROUTINEDONE shall have one actual parameter that shall be an expression that is
of the coroutine type.

Dynamic Semantics

The callcCOROUTINEDONE(cr) shall inform the garbage collector otlafunct-traced-variable

for each ac
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6.8.7 Environment

Structures

The class type as described in subclause 6.1 is denoted as a type structur€lasdled
structure.This type structur€lass-structureis added to the list of alternatives for the VDM
type Structure(Base Language 6.11.1.3, Structures).

NOTE — Class types are not a substructure of any other structured type as defined in the Base Language. T
assures that none of the features of the Base Language defined for special groups of types (e. g. type convers
applies to class types. This also states that pointers and class references are not compatible to each other, a
compatibility rules defined in the Base Language (expression compatibility, assignment compatibility, and

parameter compatibility) refer either to equal types or to types especially named in these_¢ompatibility rules.

7 Required System Modules

Two new system modules are provided for the OO extensions, one for the handling of th
additional exceptions and one for the garbage collector management.

7.1 Object Exceptions

The system module M2OOEXCEPTION ,prevides facilities for idenfifying language
exceptions that have been raised by using{eatures described in this standard.

7.1.1 The Interface to M2OOEXCEPTION
The interface to M2OOEXCEPTION behaves as if the following were its dgfinition module.

DEFINITION MODULE M2OOEXEEPTION,;

(* Provides facilities for identifying exceptions of the extended language
*)
TYPE
M2OOEXxceptions =
(emptyExceptiof abstractException, immutableException, guardException

PROCEDURE M20OOException (): M2OOExceptions;
(* If the €urrent coroutine is in the exceptional execution state because
of'the’raising of an exception of the language extensions, returns the
corresponding enumeration value, and otherwise raises an exception.

)

PROCEDURE IsM20OException (): BOOLEAN;
(* If the current coroutine is in the exceptional execution state because
of the raising of an exception of the language extensions, returns
TRUE, and otherwise returns FALSE.

")
END M20OEXCEPTION.

7.1.2 The Entities of M2OOEXCEPTION

All entities defined in the modulev200EXCEPTION" behave as the corresponding entities of
the module M2EXCEPTION" of the base language, except that they act on the enumeration
value 'M20OExceptions".
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7.1.3 Aggregation of the Exceptions of the Language Extensions

© ISO/IEC

The extended language defines four new exceptions, for three of them the detection is
mandatory (EmptyException”, "abstractException”, “"guardException”); for the forth the
detection is non-mandatoryiriimutableException™).

— emptyException
to be raised whenever an attempt is made to access an object via an object variable that

contai

ns the empty reference.

— abstractException

to be
—  immu
may |

— guardgxception

to be

guarded statement sequences andus& part is present.

NOTE —Ac

The messages associated with these exceptions are implementation defined.

7.2 The Module GARBAGECOLLECTION

raised whenever an attempt is made to call to an abstract method.
ableException
e raised on an attempt to change an immutable entity.

Faised whenever the selector object in a guard statement does not match ar

il to an abstract method can occur only during construction time of an,object.

The systeﬂw module GARBAGECOLLECTION provides facilities for controlling the garf
r

collection

7.2.1Thei

ocess.

nterface to GARBAGECOLLECTION

1y of the

age

The interface to GARBAGECOLLECTION behaves as if the following were its definition

module.

DEFINITION

(* Provides f3
*
)
PROCEDUR

(* If garbags
returns FA
)

MODULE GARBAGECOLLECTION;
cilities for controlling the garbage collector.
E IsCollectionEnabled (): BOOLEAN;

collection\is enabled then returns TRUE and otherwise
LSE.

PROCEDUR

F SetCollectionEnable (on: BOOLEAN);

(* If on is TRUE then enable garbage collection; otherwise if on is

FALSE an
collection.

")

d garbage collection can be disabled then disable garbage

PROCEDURE ForceCollection;
(* If garbage collection can be forced then force it else do nothing.
*

END GARBA
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7.2.2 The Procedures of GARBAGECOLLECTION

7.2.2.1 The Procedure SetCollectionEnable

Static Semantics

A call of setCollectionEnable shall have one actual parameter which shall be an expression of

the Boolean type.

Dynamic Semantics
\AL aor o rhn dicahlad chAall

tion defined. If th

haoth L al-aar oo alloectio ho oY hao nta
vvrictuirnoer Ul IIUL HMIUMH\.’ UUIIVULIUII UMII MU UTOoUNTUU  OTTAlIlr Vo IIIIrJIbIIIbIILL

implementation does not allow garbage collection to be disable
SetCollectionEnable (on) shall have no action; otherwise the c&diCollectionEng
assign the value true to the flggrbage-collection-enableidi the valueon, is TRU
it shall assign the valusLSE to the flaggarbage-collection-enabled

7.2.2.2 The Procedure ForceCollection

Static Semantics
A call of ForceCollection shall have no actual parameters.

Dynamic Semantics
Whether or not garbage collection can{be forced shall be implementa

d then the cal
ble(on) shall
E, otherwise

ion defined. If th

implementation does not allow garbage:collection to be forced then theogattollection()

shall have no action; otherwise the @aliceCollection() shall attempt to reclaim
(see 6.7).

7.2.3 The Functions of GARBAGECOLLECTION

7.2.3.1 The Function IsCollectionEnabled

Static Semantics

A call of IscollectionEnabled shall have no actual parameters. The ty,
IsCollectionEnabled shall be the Boolean type.

DynamiC Semantics

If the value of the flaggarbage-collection-enableds true, the value
[sCollectionEnabled() shall beTRUE, otherwise the value shall baLSE.

object storage

pbe of a call of

of the call
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A.1 Class

Annex A
(informative)

Collected Concrete Syntax

Definition

class definiti
(traced G

untraced clas
(normal

traced class q
"TRACEIL

normal class
normal cl
normal class
"CLASS"
normal class
[ inherit ¢
[ reveal li
normal cl
"END", cl

abstract clasy
abstract
abstract clasy
"ABSTRA
abstract clasy
[ inherit ¢
[ reveal li
abstract ¢
"END", cl

class identifig

normal class
normal comp
"CONST'
"TYPE", {
"VAR", {
(normal n

I —

lass definition | untraced class definition );

S definition =

Class definition | abstract class definition ) ;

efinition =

D", ( normal class definition | abstract class definition ) ;

Hefinition =

hss header, ( normal class definition body | "FORWARD" ) ;
header=

class identifier, semicolon ;

pefinition body =

ause ],

st |,

Ass component definitions,

ass identifier ;

definition =

lass header, ( abstract class definition body [¥)FORWARD" ) ;
header=

CT", "CLASS", class identifier, semicolon ;

definition body =

ause ],

bt ],

lass component definitions,

ass identifier ;

r = identifier ;

component definitions = { normal component definition } ;
bnent definition=

, { constant declaration, semicolon } |

type definition, semicolon } |

class variable declaration, semicolon } |
nethod’definition | overriding method definition), semicolon ;

abstract class component definitions = {abstract component definition } ;
abstract component definition =

"CONST", { constant declaration, semicolon } |

"TYPE", { type definition, semicolon } |

"VAR", { class variable declaration, semicolon } |

(normal method definition | abstract method definition |

overriding method definition), semicolon ;

class variable declaration = identifier list, colon, type denoter ;

normal method definition = procedure heading;
overriding method definition = "OVERRIDE", procedure heading;
abstract method definition = "ABSTRACT", procedure heading;
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A.2 Class Declaration

class declaration =

(traced class declaration | untraced class declaration ) ;
untraced class declaration =

( normal class declaration | abstract class declaration ) ;

normal class declaration =

normal class header, ( normal class declaration body | "FORWARD" ) ;
normal class header=

"CLASS", class identifier, semicolon ;

normal class declaration body =
[ inherit clause ],
[ reveal list ],
normal class component declarations,
[ class body ],
"END", class identifier ;

abstract class declaration =

abstract class header, ( abstract class declaration body | "FORWARD" ) ;
abstract class header=

"ABSTRACT", "CLASS", class identifier, semicolon ;
abstract class declaration body =

[ inherit clause ],

[ reveal list ],

abstract class component declarations,

[ class body ],

"END", class identifier ;

class body = module body;

normal class component declarations ={ normal component declaration } ;
normal component declaration =

"CONST", { constant declaration, semicolon } |

"TYPE", { type declarationysemicolon } |

"VAR", { class variabledeclaration, semicolon } |

normal method declarations , semicolon ;

abstract class compoenént declarations = {abstract component declaration } ;
abstract component declaration =

"CONST"{{ constant declaration, semicolon } |

"TYPE!,\{ type declaration, semicolon } |

"VAR*-{ class variable declaration, semicolon } |

abstract method declarations , semicolon ;

normal method declarations =
normal method declaration | overriding method declaration;

normal method declaration = procedure declaration;
overriding method declaration = "OVERRIDE", procedure declaration;

abstract method declarations =
normal method declaration | abstract method definition | overriding method declaration;

traced class declaration =
( normal traced class declaration | abstract traced class declaration ) ;

normal traced class declaration =

normal traced class header, ( normal traced class declaration body | "FORWARD" ) ;
normal traced class header=

"TRACED", "CLASS", class identifier, semicolon ;
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normal traced class declaration body =
[ inherit clause ],
[ reveal list ],
normal class component declarations,
[ traced class body ],

"END", cl

ass identifier ;

abstract traced class declaration =

abstract traced class header, ( abstract traced class declaration body | "FORWARD") ;

abstract traced class header=
"TRACED", "ABSTRACT", "CLASS", class identifier, semicolon ;
abstract traced class declaration body =

[ inherit ¢
[ reveal li
abstract ¢
[ traced ¢
"END", cl

ause ],

st ],

lass component declarations,
ass body ],

ass identifier ;

traced class hody = "BEGIN", block body;

A.3 Reve

reveal list="

revealed com
revealed com
class variablg

A.4 Inher

inherit clause
class type idg

A.5 Desig

object selectg
object va
object variabl

object selecte

object va
object value ¢
entity identifie

Al List

REVEAL" revealed component list, semicolon ;

ponent list = revealed component, { comma, revealed component } ;
ponent = identifier | "READONLY" class variable identifier ;
identifier = identifier ;

t Clause

="INHERIT", class type identifier, semigcolon ;
ntifier = type identifier ;

nators

d designator =
iable designator, period,.[ class identifier, period ], class variable identifier ;
e designator = variable ‘designator ;

d value =

ue designator;period, [ class identifier, period ], entity identifier ;
esignator=.value designator ;

r = identifier ;

A.6 Guar

Statement

guard statement =

"GUARD'

', guard selector, "AS", guarded list,

['ELSE" statement sequence],

llENDn;

guard selector = expression ;

guarded list = guarded statement sequence {vertical bar, guarded statement sequence} ;
guarded statement sequence =
[[object denoter], colon, guarded class type, "DO", statement sequence] ;
guarded class type = class type identifier ;
object denoter = identifier ;
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Annex B
(informative)

Changes to the Syntax of the Base Language

program module =
[ "UNSAFEGUARDED" ], "MODULE", module identifier,
[ interrupt protection ], semicolon,
import lists,
module block, module identifier, period ;

definition module =
[ "UNSAFEGUARDED" ], "DEFINITION", "MODULE", module identifier, semicolon,
import lists, definitions,
"END", module identifier, period ;

implementation module =
[ "UNSAFEGUARDED" ], "IMPLEMENTATION", "MODULE",module identifier,
[ interrupt protection ], semicolon,
import lists,
module block, module identifier, period ;

definition =
"CONST", {constant declaration, semicolon} ]
"TYPE", {type definition, semicolon} |
"VAR", {variable declaration, semicolon} |
procedure heading, semicolon |
class definition, semicolon

declaration =
"CONST", {constant declaration; semicolon} |
"TYPE", {type declaration, semicolon} |
"VAR", {variable declaration, semicolon} |
procedure declaration,semicolon |
class declaration, semicolon, |
local module declaration, semicolon;

qualified identjfier.= { qualifying identifier, period ], class identifier, period ],
identifier ;

variable-designator = entire designator | indexed designator | selected designator |
dereferenced designatashject selected designatoyr

value designator = entire value | indexed value | selected value | dereferenced value |

i 4 ] tacl Lo
UJJTULL OTITLLITU Valut

statement =
empty statement | assignment statement | procedure call |
retry statement |  with statement | if statement |
case statement |  while statement | repeat statement |
loop statement |  exit statement | for statement |

guard statement;
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Ancestor

Annex C
(informative)

Glossary

© ISO/IEC

A class that other classes have inherited from. An ancestor class may be the "immediate" or
"direct" ancestor (also called the parent class), that is the class that is being directly inherited

from. Alteratety amancestor tlass may be—any tlass furtherupthemheritancetham that is
inherited by a class from which the current class inherits. (see Inheritance)

Attribute

A class varjable (i. e. data component of a class).

Child

A class thgt directly inherits another class, that is the class that lists-another class in jits own
inherit claugse. (see Inheritance)

Class

An interface (description) of the data and methods that an object of this class contains. |A class
also contaips the specifications of the data and methods: (In a safe object oriented language
the definition and specification can be separated.) A class is a language entify that
encapsulates both the data and the operations on.the data. A class is essentially an|Abstract
Data Type [ADT).

Class type

The new type introduced by a class declaration or class definition is called class type.

Client

Any part of|a program that uses(another part of that program. For example a class that|sends a
message t@ an object of another class, or a class that has an object within it of another class is
a client of the class to which the object belongs.

Component

Any entity |[declared inside a class is called component of this class (e. g. class vafiables,
methods).

Descendant

Any class that inherits from another class, including classes further down the inheritance
chain that inherit from classes that have inherited from a class. A "direct" or "immediate”
descendant (also called a child class) is the class that directly inherits from another class. (see
Inheritance)

Dynamic B

inding

The ability of a variable to refer to different versions of an object. A variable declared to be of

a superclass type can refer to a subclass object, as the subclass object contains all features that
the superclass contains. A variable of the superclass type can only access those features that
are declared within the superclass, as they are all that the superclass is aware of, even though

the object t

38
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