INTERNATIONAL ISO/IEC
STANDARD | 9074

Second edition
1997-12-15

Information technology — Open Systems
Interconnection — Estelle:<A-formal
description technique based on an
extended state transition model

Technologies de l'information < Interconnexion de systémes
ouverts (OSl) — Estelle: d'echnique de description formelle basée|sur un
modéle de transition d'état étendu

TR
Iso I EC Reference number
N ==e ISO/IEC 9074:1997(E)



https://standardsiso.com/api/?name=fcb588ffaf36bd33b75378d7b4115f2d

ISO/IEC 9074:1

Contents

997(E)

1 Scope

2 | Normative References

3 | Definitions

4 | Conformance

5 | The model
5.1 Module

5.2 Nesting of modules and parallelism . . . .. ... ... ... . NT/oooo oo
52.1 Nestingofmodules . . . . ... .. ... .. EmR
5.2.2 Parallelism and nondeterminism . . . . . . ... ... a0 e

5.3 Specification behavior . . . . .. ... .
5.3.1  Local SIUations . . . . . v v v v e e e e e e S e e e .
5.3.2 Global instantaneous description of a module instance . . . . ... ... ... ... ... .
5.3.3 Transitions selected for execution . . . . . @, - . . . .
5.3.4 Globalbehavior. . . . . . . . . . .. %8N L .
53.5 Conceptoftimeinthemodel . . . . . &\ . . . .. ..o .

6 | Definitional Conventions
6.1 Syntaxdefinitions . . . . .. ... L .
6.2  SemantiC NOLALIONS . . . . . v e u(aor o e e e e e e e e e e e e e e .

7 | Language elements

INSEANCE . & o v e e e e e e e e e e e D

7.1 Introduction . . . . . . @l e e e e e e e .
7.1.1 Characterset _( ). . . . . .. e .
7.1.2 Estellescopeilles . . . . .. .. .

7.2 Structure of a specification . . . . ... .
721 SYNMAX = . . o o e e .
722 CONSrAINtS . . . . . . o e e e e e e e e e e .
7.2.3 htérpretationrules . . ... L. .
724 Informal semantics . . . . . . . . . .. ... .

7.3 DEClaration Part . . . . . . . .. e e .
T30 SYNEAX . o v v e e e e e .
732 CONSIMANLIS . . . v v v vt e e e e e e e e e e e e e e e e e .
722 A Py 1 41
7.3.4 Channeldefinition . . . . . . . . . . e e

© ISO/IEC 1997

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or

utilized in any form

or by any means, electronic or mechanical, including photocopying and

microfilm, without permission in writing from the publisher.

ISO/IEC Copyright Office * Case postale 56 » CH-1211 Geneve 20 * Switzerland

Printed in Switzerland

ii

[u—y

[\

—_—
N O WO \O 0000 R PMWN

— e
A W W


https://standardsiso.com/api/?name=fcb588ffaf36bd33b75378d7b4115f2d

© ISO/IEC ISO/IEC 9074:1997(E)

7.3.5 InteractionPOints . . . . . . . . . ... e 23
7.3.6 Moduleheader . . . . . .. .. ... e 25

7.3.7 Modulebody definition . . . . . ... ... 27

7.3.8 Internal interaction points . . . . . . . . . ... 28
7.3.9 Module variable declarationpart . . . . . . .. ... . 28
7.3.10 Statedefinitionpart . . . . . . ... 29
7.3.11 State setdefinitionpart . . . . . . . . ... 30

74 ReferencestoEstelleobjects . . . . . . . . . .. 31
7.4.1 Module variablereference . . . . . . . . . . ... e 31

7.4.2 Interaction pointreference . . . . . . . . . . ... ..o 31

7.4.3 Exported variablereference . . . . . ... .. ... L oo 32

7.5 Transition declarations . . . . . . . . . i . i e e e e e e e e e e 33
75.T General introduction . . -~ -~ -+ -+ -~~~ . 33

7.5.2 Transition . . . . o v v i e e e e e e e e e e R . 33

753 Toclause . . . . . . e . 38
754 Fromclause . . . . . . .. e N e . 39

7.5.5 Providedclause . . . . .. ... o .39

75.6 Whenclause . . ... ... . ... . 40

757 Delayclause . ... ... ... ... ... ..oy o oo . 41

7.5.8 Priorityclause . . .. ... ... ... WA . 42
759 Anyclause . . . .. ... ... e O . 43
7.5.10 Initializationpart . . . . . .. ... ... ... ... .. A0 . 43

7.6 Estellestatements . . . . . . . . ... ..o A . 44
7.6.1 Moduleinstancecreation . . . . . . . .. ... ... 0 T . 44
7.6.2 Release and termination of module instances . . . <YL .o Lo oL . 45
7.6.3 Connectoperation . . . ... ........... ... ... . 46

7.6.4 Attachoperation . . ... ... ... ... L LAY L L .47

7.6.5 Disconnectoperation . . . . . . . . ..t il . 48

7.6.6 Detachoperation . . . ... ... ... 0N ... . 48
7.6.7 Summary of binding operations . . . W\. . ... . 49

7.6.8 Outputstatement . . . .. ... ... . ... .. o . 50

7.69 Allstatement . . . . ... .. . % . .. . 53
7.6.10 Foronestatement . . . . . . 07 . . . L . 55
7.6.11 Existexpression . . . . .05 . ... . 56

7.7 Reserved Words . . . . . . . £ N L e e e . 56
T SYNAX . o o o f e e e e e e .57
7.7.2  COnSraints . . S50% & v v e e e e e e e e e e e e e e e e e e e . 57

8 | Extensions and restrictions'to ISO Pascal 57
8.1 Simple changesto Pascalsyntax . . . .. .. ... .. ... ... o . 57
8. 1.1  Syntax ~! . . . .. e . 57

8.2 EXIENSIONS™ 7 . .« o o v v e e e e e e e e e e e e e e e e e e . 58
8.2.1 {nt€gersandrealnumbers . . . . .. ... ... . o . 58

8.2.2 \VFunctions and procedures . . . . . ... L Lo .59

823 Implementationdefinedelements . . .. ... ... ... .. .. ... ... .. ... .59

8:2.4 DIFECHVES . © . v v v e e e e e e e e e e e e e e e e e e . 60

8.2.5 Pureproceduresand functions . . . .. ... ... Lo L . 61
8-2-6—Expressioh———————————————————————————— . 62

iii


https://standardsiso.com/api/?name=fcb588ffaf36bd33b75378d7b4115f2d

ISO/IEC 9074:1997(E) © ISO/IEC

8.2.7 AsSignment OPEration . . . . . . .. ..o e e e 63
83 RESIICHONS . « « o o v v et e e e e e e e e e e 63
831 EITOTS © « v o v e e et et e e e e e e e e 64
832 Filemanipulation . . . . . . . ... 64
8.3.3 Label declarations and goto statements . . . . . . . ..o 64
8.3.4 Program Statement . . . . . . . .. ... 64
8.3.5 Expressionsand functions . . . . . . .. ..o 64

9 Semantics of Estelle constructs

9.1 General scheme of definitions . . . . . . . . ...
9.2 Primitives and organizationof theclause . . . . . . . .. ...
9.3 —External-contextenvironment and channel definition o o oo
0.3.1  INEEIACHONS . « « v v v v e e e e e e e e e e e e e e e e
0.3.2 Channel definition interpretation . . . . . . . . . . ...y
0.4 ModUIEINSIANCES . « « v v v o e e e e e e e e e e N
9.4.1 Identifier categories of amodule instance . . . . . .. ... AV L
942 Internal extensions of context environment and recursive assumptions . . . . . .\ ...
9.4.3 Interaction points of a module instance and related notions . . . . . . ...~
94.4 Locations, variable allocations and variable visibility within a module instance” . . . . . . .
945 Statesofamoduleinstance. . . . . . . ... ANT L
9.5 Transitions of amoduleinstance . . . . . .. ... ... DT
9.5.1 ‘Transitionstatement . . . . . . . . . .o e &N
9.5.2 Transition interpretation . . . . . . . . .o S
9.53 Linkedinteractionpoints . . . . . . . ... .o CHB
9.5.4 Extension of the transition interpretationover gids . . €/ 7. . .. ... ..o
9.4 Interpretation of specific Estelle constructs . . . . . . . . %
0.6.1 External teferences . . . . . . . v v v v e e e N e e
0.6.2 Semantics of transitionclauses . . . . . . . NN Lo
9.6.3 FEnabled transitions and initial states . . . .\ .. ...
9.6.4 Delay values and time interpretation in Estelle . . . ... ..................
9.6.5 Fireable transitions and offered transitions . . . . . . . . . . . . ..o oo
9.6.6 Semantics of primitive Estelle statéments . . . . . . . ...
Annexes
A Collected syntax
Afl Collected syntax fromclau§e 7 . . . . . . . . ...
AR Collected syntax fromeclause 8 . . . . . . . . . ...
AB Collected syntax fromannex C . . . . . . .. . ..o
B User guidelines
Bfl Userdata m@nagement . . . . . . . . .. .. ooe e
B.1.1 _Purpose of user data management . . . . . . . .. ...
BI2WOPHINCIPIES © . o o o o o e
B.13" Encode procedure. . . . . . o vttt i i e
Bil4 Decode ProcedUIe . . . . . v ot i e e e e e
B.1.5 Guidelines

B.2 Alternating bit example

iv


https://standardsiso.com/api/?name=fcb588ffaf36bd33b75378d7b4115f2d

© ISO/IEC
C Pascal subset used by Estelle
D Estelle Tutorial

D.0 IntroduCtion . . . . . o o v o e e e e e e e e e e e e e e e

D.1 A brief overview of the principal conceptsinEstelle . . . . . . .. .. ... ............
D.1.1 Moduies and module INStANCES . . . . . . . v v v v e e e e e
D.1.2 Structuringof modules . . . . . . ... ...
D.1.3 Communication . . . . . . . v v v i e e e e e e e e e e e
D.1.4 Parallelism and NondeterminiSm . . . . . . . .+« c v v bt e
D.1.5 Dynamism withinasystem . . . . . . . . . . ..ot
D.1.6 TYpIng . . . . ot o e
D.1.7 Moduleinternal behavior . . . . . . . . . . .. ...
D18  Global behavior

D.2 Syntax and interpretationof Estelleconcepts. . . . . .. ... ................. 7
D.2.1 Channels, interactions, and interactionpoints . . . . . . . . ... .. ... .. .. .~
D.2.2 Modules . . . . e e e e N
D.2.3 Declarationpart. . . . . . .. ... e AL
D.2.4 [Initialization part . . . . . . . . .. ... N
D.2.5 Transitionpart . . . . . . .. ..o e T
D26 Shorthands . .. ... ... ... ... ... ..l

D.3 BEstellestatements . . . . . . . . . . o vt i Y
D.3.1 Initstatement . . . . . . . . . ... e e e G
D.3.2 Connectstatement . . . . . . . . . . . .. e G NT e
D.3.3 Disconnectstatement . . . . . . . . . ... ... ... K Lo
D.3.4 Attachstatement . . . ... ... ... ... ..../a0 o oo e
D.3.5 Detachstatement . . . ... ... .........NM. . ... ... .. 0.
D.3.6 Release and terminate statements . . . . . . . NN . e e e e e e e e e e e e e
D.3.7 Output statement . . . .
D.3.8 All and forone statements, CXISt expressmn .........................
D.3.9 PascalrestrictionsinEstelle . . . . . ... . ... oL oL

D.4 Behavior of Estelle specifications . . . . . . =50 . .. ..o oo oo
D.4.1 Specificationmodule . . . . . . . A\Y L
D.4.2 Internal behaviorofamodule .. . . . . . . . ... Lo oo
D.4.3 Global behavior semantics Sfe. . . . . . . .. e e e e e e
D.4.4 Comparison of behaviorswusing a commonexample . . . . . .. ... ... ... .....

D.5 References. . . . . . o v v o SN e e e e e e e e

Indices

ISO/IEC 9074:1997(E)

138

176
176
177
177
178
179
181
184

1Q4
104

184

185
185

107

185
187
188
190
193
195
198

100

193
199
200
201
203
203
204
205
208
209
209
212
218
223
228

233


https://standardsiso.com/api/?name=fcb588ffaf36bd33b75378d7b4115f2d

ISO/IEC 9074:1997(E) © ISO/IEC

Foreword

ISO (ttte International Organization for Standardization) and IEC (the International Electrotechnical Commiss
form the specialized system for worldwide standardization. National bodies that are members of ISO or
participate in the development of International Standards through technical commitiees established by

ipn)
IEC
the

respecfive organization to deal with particular fields of technical activity. ISO and IEC technical committges

collaborate in fields of mutual interest. Other international organizations, governmental and non-governmenta
liaison| with ISO and IEC, also take part in the work.

1} in

In the [field of information technology, ISO and IEC have established a jojnt)technical committee, ISO/IEC JTC 1.
Draft International Standards adopted by the joint technical committee, ar€ circulated to national bodies for voting.

Publichtion as an International Standard requires approval by at least 75'% of the national bodies casting a vote.

International Standard ISO/IEC 9074 was prepared by Joint:Technical Committee ISOIECJTC 1, Information
techndlogy, Subcommittee SC 21, Open systems intercennection, data management and open distribited

procegsing.

This second edition cancels and replaces the first edition (ISO 9074:1989), which has been technically revised. It

also irjcorporates Amendment 1:1993.

Annex C forms an integral part of this International Standard. Annexes A, B and D are for information only.

vi
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0

0.

Introduction

1 General

Formal description techniques (FDTs) are methods of defining the behavior of an (information processing) system
without using a natural language such as English. In the following sub-clauses of this introduction, the importance
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This International Standard comprises nine clauses and four annexes. Annex.A, Annex B, and Annex D are
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FD1's and thelr standardization 1S discussed. 1he objectives thal an FD 1 must saliSTy are considered.

T is based on an extended finite state transition model.

is International Standard addresses two different groups of people: protocol designers, who.may use thi

ernatively implement a tool to process such a protocol description automatically. Implémenters must ensu
by follow the semantics of the FDT, as described in this International Standard. Protéeol designers must
ht their specification relies on the characteristics of an implementation only to the extent that the semantics
T is defined by this International Standard.

hitive and not an integral part of this International Standard; Annex C-is‘normative and is an integral part
ernational Standard.

2 Formal Description Techniques

rmal description techniques are important tools forsthe design, analysis and specification of informatio|

nsistent, precise, concise and unambiguous. THig is only possible if an FDT is self-contained, so that the dg
ns given in an FDT need not refer to any inférmal knowledge of the system that is described. An important
a formal system is that it allows analysis.by formal methods. An FDT that has such a formal basis can be
monstrate the correctness of a specification.

e specifications and descriptionstusing this FDT are intended to be formal in the sense that it is possible to a
d interpret them unambiguously/ The FDT supports a structuring of a specified system into smaller parts
ccification of the behavior.ofd part in terms of an extended finite state transition model.

3 Requiremeént for standard FDTs

an FDT ig"defined in an International Standard, the description is available to all who require it. The dirg

hendingnt also requires international agreement. Hence a standard FDT offers the most useful form of preser
these who wish to apply it.

is International Standard describes an FDT for the specification of communication protocols and services.

r the production of such a standard require a high degree of international acceptance and technical stability.

The

FDT

specify protocols; and protocol implementers, who may implement a protocol described) using this FIDT, or

re that
tnsure
of the

infor-
bf this

n pro-

cefssing systems. It is by means of formal techniques that system descriptions can be produced that are complete,

scrip-
aspect
sed to

halyze
nd the

ctives
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tation

0.

4 Objectives to be satisfied by an FDT

Although this International Standard describes an FDT that is generally acceptable to distributed, concurrent infor-
mation systems, it has been developed particularly for OSI. The main objectives to be satisfied by such an FDT are

vii
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that it should be:

viii

— expressive: an FDT should be able to define both the protocol specifications and the service definitions of
the seven layers of OSI described in ISO/IEC 7498-1.

— well-defined: an FDT should have a formal model that is suitable for the verification of these specifica-
tions and definitions. The same model should support the validation of implementations that are permitted
y the Udl Trtermationat Stamdards— s odet shoutd-atso auyyult the tvot;us of-an implvmv..tut;un far

donformance.

1 well-structured: an FDT should offer means for structuring the description of a specification or definitiop
ih manner that is meaningful and intuitively pleasing. A good structure increases the readability, understand
gbility, flexibility, analyzability and maintainability of system descriptions.

1 abstract: there are two aspects of abstraction that an FDT should offer:

Lanr)

— an FDT should be completely independent of methods of implementationssothat the technique itse
does not provide any undue constraints on implementers.

— an FDT should offer the means of abstraction from irrelevant details with respect to the context at
any point in a description. Abstraction can reduce the local compleity of system descriptions conside]
ably. In the presence of a good structure, abstraction can help even further to reduce the complexity
descriptions.

]
'

—-
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Information technology — Open Systems Interconnection —
Estelle: A formal description technique based on an extended state
transition model

1| Scope

THis International Standard defines the semantics and syntax of the Formal Description Technique Estelle. Estelle
is in general used for the formal description of distributed, concurrent information processing systems. In parficular
Edtelle can be used formally to describe the service definitions and protocol specifications of the layers off Open
Sylstems Interconnection described in ISO/IEC 7498-1. This International Standard does not define methods for the
verification of specifications written in Estelle.

2| Normative References

The following standards contain provisions which, through(reference in this text, constitute provisions of this In-
tefnational Standard. At the time of publication, the editions indicated were valid. All standards are subject to
revision, and parties to agreements based on this Interridtional Standard are encouraged to investigate the posgibility
of| applying the most recent editions of the standards-indicated below. Members of IEC and ISO maintain registers
of| currently valid International Standards.

IJO/IEC 7185:1990, Information technology<— Programming languages — Pascal.

ISO/IEC 7498-1:1994, Informationitechnology — Open Systems Interconnection — Basic Reference Modef: The
Bdisic Model.

I4O/IEC 646:1991, Information'technology — ISO 7-bit coded character set for information interchange.

3| Definitions

F¢r the pitposes of this International Standard, the following definitions apply.

Stan-

J1denotation: A mathematical construction designated according to the requirements of this Internationa

3.2 undefined: A property of an Estelle specification or part of such a specification such that it has no denotation
according to the requirements of this International Standard.

3.3 error: An Estelle specification that does not conform to the requirements of this International Standard is in
error. Its meaning cannot be determined by applying the semantics of this International Standard.
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4 Conformance

A formal specification written in Estelle conforms to the requirements of this International Standard if and only if it
is derivable according to the syntactic rules and constraints given in clauses 7, 8 and Annex C, and it has a denotation
according to the semantic rules given in 5.3 and clause 9.

Paragr
but arg
contai
confor]
this In

Rema
systen
cessed
requir

5 1

This ¢
syntax

A spe
of mo
intera
the sy

This ¢

aphs labelled NOTE and Informal Semantics are included to aid the reading of this International Standard,

not part of this International Standard for purposes of determining conformance. These paragraphs oftgn
| information that may be derived from other parts of the International Standard, and thus a specificationythht
ns to this International Standard will satisfy the note. Paragraphs labelled Remark are a normative part ¢f
ernational Standard.

rk: A formal specification expressed in Estelle may also be used as the basis for an implementation of|a
conforming to an International Standard for Open Systems Interconnection. In such cases, it may be pro-
by a compiler or other computer-based software tool. This International Standard dogs’not, however, specify
ments for such compilers or tools.

[he model

ause describes the basic concepts of a model for defining the semantics of an Estelle specification. Details gn
and semantics can be found in clauses 7 and 9, respectively.

ification describes a hierarchically structured system ofiiondeterministic sequential components (instancgs
Hules) interchanging messages (called interactions) through bidirectional links between their ports (call¢d
ction points). Both the hierarchy of modules and the structure of links may change over time, thereby making
tem a dynamic one.

Jause is organized into three parts.

L— First (5.1) a single module instanceis briefly characterized, together with the role it plays with respect fo
its directly subordinated modules.(called children instances). The module instance definition is the main pgrt
of the Estelle semantics in cla@sg 9.

L Second (5.2) a set of(fiesting principles and their impact on the degree and character of parallelism and
nondeterminism betwéen module instances are described. The importance of classifying a module into| a
process, activity, systémprocess, or systemactivity is explained in this context.

L Third (5.3)the-system behavior, as given by an Estelle specification, is defined in terms of transformatiops
of a systemrglobal situation which includes the existing (i.e., instantaneous) hierarchy of instances of modulps
in theirdocdl states and the current structure of links between them. An execution of an action (called| a
transition) by a module instance causes an observable change in the global situation. Although an action may

cliange several elements of this situation, these changes are observable only in their entirety. This reflectd a

1 - b | Vol P L | 1 il s £ s s H + H Tl 41 4+ o . 1
CTRI AT PHITICTPTC UT ES TCTIT U T U UTT TXTUTIUIT UT a U A OIS U T W a yUTdlU aC U ~daIT TIIICTITAV d
characterizes possible sequences of system computations. These computations, in turn, model the results of
admissible real executions.

A separate subclause (5.3.5) explains the role of time with respect to the progress of a specification’s execution; i.e.,
it describes general assumptions with respect to which, so called, “delays” are treated in the model.
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5.1 Module instance

In Estelle a module is defined by a module-header-definition and a module-body-definition associated with this
header. There may be more than one module-body-definition referencing the same module-header-definition.
Thus each pair, a module-header-definition and an associated module-body-definition, constitutes one Estelle
module definition, or more simply, module. Several instances of a module may be created and simultaneously
present during execution of an Estelle specification. Each one of them has the same external visibility characterized
by the module-header-definition and the same internal behavior defined by the module-body-definition.

Frpm an external viewpoint, a module instance is a “black box”. Access in and out of that box is made\witl finite
sefs of interaction points and exported variables. These are the only means of communication with the endlosing
environment defined by the parent module instance.

Edch interaction point of a module instance has an associated first-in first-out (FIFO) queue) which receivg¢s and
stores interactions sent to that module instance through this interaction point. More than_one interaction pgint of
a odule instance may share the same queue. A module instance may also send, i.e: Qutput, interactions tq other
mpdules (or even itself) through its own interaction points. The sets of interactions which may validly be refeived
and sent through a specific interaction point are determined by the channel-definition with which the intenaction
pdint is declared in the module-header-definition.

Exported variables are also declared in the module-header-definitionExternal access (read/write) of exported
variables, however, is restricted exclusively to the parent module instance.

The visible results of a module instance’s behavior, in the form of the output interactions it sends and the chgnging
values of its exported variables, are the effect of a module instance’s internal activity as described within an gssoci-
ated module-body-definition. The internal behavior of a single module instance may be characterized in tefms of
a pondeterministic state transition system, i.e., by deterniining the system’s: set of states, subset of initial statgs and
ngxt-state relation. How these elements are represented-in Estelle is briefly described below.

E4ch state has a complex structure which consists-of the following items:
— Control-part represented by a value associated with the special identifier STATE. The set of control palues
is always finite (hence one often’uses the term finite (control) state transition system.)

— Input-environment-part répresented by the contents of all queues associated with a module’s interaction
points.

— Internal-data-parfrepresented by values of variables and parameters occurring within a module defihition.
— Interconnéction-hierarchy-part represented by

(a) the current set of submodules (children instances), and

(b)Y the current link structure of the module instance’s interaction points and its children instances inter-
action points (i.e., the connect-attach structure in the state).

The manipulation of this last part of a state, that 1s, the creation and destruction of children instances and the
modification of interaction point links constitutes an important aspect of Estelle.

Initial states of a module instance are defined by a module initialization-part. This part of a module-body-
definition describes an initial control state, the way variables are initialized, and defines an initial hierarchy and
interconnection structure of descendant module instances, if any exist.
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The next-state relation or one-to-many next-state function (recall that the state transition systems are, in general,
nondeterministic) of a module instance is specified within the transition part of a module-body-definition by tran-

sitions.

Each transition is composed syntactically of two parts: a clause-group and a transition-block.

— A clause-group, which is a set of zero or more clauses, determines (among other things), for each state,
whether a transition is enabled in this state, i.e., whether certain conditions are satisfied, thereby enabling (but
not necessarily requiring) its execution. The clauses also define the control states from which a transition may

Executjon of a transition by a module instance is considered to be an atomic operation. Oncea transition’s executiop
is start¢d, it cannot be interrupted, and conceptually one cannot view intermediate results-regardless of how “largg
a transftion is (i.e., how many statements it has). The atomicity of a transition is @n,important assumption fa
$ing the behavior of a specification in abstract terms, independent of the precise way that atomic transitior]

expres
are im

A module (and any instance of a module) with an empty transition-papt’in/its module-body-definition (i.c.,
modul¢ with no transitions specified), is called inactive. A module (and any-instance of a module) with a nonempty
transifion-part is called active. These notions are used and further.explained in the next subclause. An inactiy

modul

5.2

The déclaration-part of a module-body-definition may nest (i.e., include) other module definitions (called chy-
dren) which may in turn include other module definitions, and so on. The way that existing module instances

a spec
involvi

by key]
anothe
childrg

The n¢

may o

Withir
Hvity |
Simil4

take place and specify the next control state following the transition’s execution.

(7 N @ N |

_ The interpretation of a transition-block defines an action or operation to be executed by the transition.
he action may change the module instance state described above (a change of control state is given by som|
lauses) and may output interactions to the environment. A transition block is given as a Pascal-likecompoun
tatement with some specific restrictions and extensions of Estelle.

=t

P

72BN ]

lemented. Atomicity also has an impact on the results of parallel execution.of module instances.

o

[¢]

L instance, once initialized, performs no action, although its descendent modules certainly may.

Nesting of modules and parallelism

f
fication behave with respect to each &ther (i.e., the degree and form of parallelism and/or nondeterminisin
bd) is strictly dependent on the textual nesting of the module definitions and the way their headers are qualifigd
words: systemprocess, systemactivity, process and activity. This relative behavior is strongly regulated by
r Estelle principle, that of execution priority of a transition of a parent module instance over transitions of ifs
n.

sting principles and-theif consequences are formulated in 5.2.1. The role they play in defining what actiops
scur in parallel andswhat level of nondeterminism exists in a specification is explained in 5.2.2.

this International Standard, the terms process module, activity module, systemprocess module, and systema
hodule will be used to distinguish between module definition categories. These are called attributed modulg

22N

rly the.words process, activity, systemprocess, or systemactivity will mean process, activity, systemproce

or syslemactivity module instance, respectively. In case it is not important whether or not a module is a systemprp-
cess of systemactivity, the terms system module and system are used for a module and an instance of that module,

respectively.

5.2.1

There

Nesting of modules

are the following five nesting principles for defining modules within modules:
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(a) Every active module must be attributed; i.e., if for a given module-header-definition there is at least one
module-body-definition with its transition-part nonempty, then the module-header-definition must include

tha farre Loy A
inc 1our KCywoOras: process, acti'vity, S}’Stemprecess or Systemacti‘.’!ty

(b) A system module cannot be nested (i.e., embodied) within an attributed module. As a consequence all

modules embodying system modules must be inactive.

(¢) Process and activity modules must be nested within a system module.

process or activity. Together with (b) and (e), this means that non-attributed modul

modules embodying system modules, if such modules exist.

(e) An activity or systemactivity module may be substructured only into activity médules.

Inl addition to these static principles, it is important to stress the dynamic constraint that a module instance h

LHAVIPIUS, 1 15 ipY to stress the Cynallllc CONIGMNR Mlat 4 1N0CRIC Islal

paint links.

This dynamic constraint together with (a) through (e) have the followinig important consequences:

— A dynamic hierarchy of module instances has a statictextual pattern in an Estelle specification. Al

of each instance corresponds to the respective position of its module definition in the textual pattern.

modules are inactive and consequently-nay remain unattributed, there may be no system level) and, by
embodying modules of a system are inactive. Consequently, any initial state of a specification defines
number of system instances and interaction point links above them. This structure once initialized
change during the life-time of\the specified configuration since parent modules are inactive; it is invar
specification itself will reduce to a single system module if it is attributed (and it must be attributed
active).

Example

show two possible initializations of that structure.

w

—

flany, may take place later in an execution, assuming the system modules are active. Note that, after the initial

(d) A process or systemprocess module may be substructured only into process or activity modulels; ie.,
descendent (embodled) modules of a process or systemprocess module must be attributed with the keyword

»
<

o

(¢}

created and released or terminated exclusively by the instance whose module-body-definition directly includes its
ddfinition (i.e., the parent module instance). The same is true as regards the creation and destruction of intefaction

though

the number of instances of a specific module may change in that dynamic structure, the hierarchical ppsition

— From the principles (a) through (e) there is‘exactly one level of system module along any path within the
hierarchy of module instances within a specification (except in the degenerate case, where all specifjcation

b), all
h fixed
cannot
ant. A
if it is

Flgure 1(a) shows-an example of a textual pattern of a hierarchy structure of a specification. Figures 1(b) and 1(c)

Flgure 1(b) shows only system modules instantiated with one instance of systemprocess module A, one instance of
ystefactivity module B1, and two instances of systemprocess module B2. Internal substructuring of these systems,

jzation

process, the bold line system module instances may not disappear, and also that new ones cannot be created.

Figure 1(c) shows another possible initialization with more internal system substructuring. This internal structure
may later be changed dynamically. Note that systemprocess module B2 was not instantiated in this example and
will therefore never be used, as module B is inactive. Possible links between interaction points which could have

been created during the initialization are not considered in this example.
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module B;

module B1 systemactivity;

module B2 systemprocess;
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Figure 1(a)
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5.2.2 Parallelism and nondeterminism
As noted above, only an active moduie instance may dynamicaily create, release, and change the connection config-
uration of its children instances; in doing this, an active instance acts as a supervising-like manager over its children
instances. For this and other reasons, such as prevention of race conditions, transitions of a parent instance have pri-
ority over its children’s transitions. While a module instance transition is executed, all children transition executions
are suspended. This property means that a parent instance supervises (or synchronizes) the execution of its descen-
ntuitively speaking, each time a transition 1n a child module 1s ready to nire (or, in erminology introducgd

narmicgl
PUIIIISSION Giave CULLPITITL,  LIUS pRivass

mission have completed. This priority relation is transitive, meaning that a module instange transitign

one sy,

mary, a specification designer combining the\general feature of parent/children priority with the nesting
principles characterized above may:

L— At the “top level”, structure the specification into a fixed configuration of independent, asynchronously
Funning systems or (by making the specification module a system module) into a single synchronous syster.

L Substructure each systemprocess module into submodules in such a way that their instances may run in
parallel if they are not in@ancestor/descendant conflict, i.e., the parallelism is synchronized by the supervising
Ky stemprocess.

L Decide, at each level of substructuring, that beginning from this level, instances of descending modules riin
in a nondeterministic way with preservation of a parent/children priority. This is accomplished by attributing
the instance-0f the chosen level with the keyword activity (or systemactivity if it is the system level). In that
case all.descendant modules are also activity modules.

5.3 Shnocification hohawing

ULttt atiuvir otita v ior

5.3.1 Local situations

A local situation of a single module instance P is given by a pair (sp, tp) where sp is one of the states of P and tp is
a transition of P. The transition tp is said to be offered by P in sp. The situation (sp, null) denotes that no action is
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offered by P in sp, which sometimes will be described by saying the “null transition” is offered.

A non-null transition offered in sp must be a transition that is fireable in sp. The set of fireable transitions in sp is a
subset of all enabled transitions in this state, selected on the basis of transition priorities and delays. Hence, strictly
speaking, a transition tp is said to be offered by P in sp with respect to given delay values. The detailed definitions

of

enabled, fireable, and offered transitions are given in 9.6.3 and 9.6.5.

NOTE — The idea is that several transitions can be offered (nondeterminism), but determining which one is actually selected is

an
ch
is

5.3.2 Global instantaneous description of a module instance

Cq
rel
components is called a global instantaneous description of P (abbreviated gidp).\If the state of P is initial, the

i

w

Example

Fi

Sybtrees of these descriptions constitute the trees of global instantaneous descriptions of the specification ¢
nepts, e.g. in figure 1(c), subtrees rooted at the instance of systemprocess module A, the instance of systema

m

characterizes all of them(

R
S

w
D

.3.3 Transitions selected for execution

lutonomous decision of the instance P. This property of autonomy is used below to establish precisely how a globalysi
nges after a transition’s execution. It cannot be predicted, however, which next transition (among all those which @re fi
oing to be selected in the resulting situation. Nevertheless, each time, a module instance P makes the choice.

balled initial. (See 9.5.3 and 9.6.3.)

bures 1(b) and 1(c) give the trees of initial global instantaneous descriptions of an instance of the specificati

dule B1, or the instance of activity module Al.

nsider an instance P of an attributed modale (see Remark below) in one of P’s global instantaneous descri
Hp. Assume that each module instanée component of gidp is in one of its local situations, i.e., that in it
becified by gidp) the module instance is offering a transition. Denote by AS(gidp) a set of transitions selec

ktances, hierarchically structured in the tree of gidp of which P is the root. There may be more than one
F a given gidp due to the nendeterministic choice in case of activities (or system activities). The definition

bmark: If P is aninstance of an attributed module, then by the nesting principles of 5.2, P is a descenda

finition of AS(gidp):

uation
eable)

nsider the tree of module instances, each in one of its possible states, where the edgesrepresent the parenf/child
ationship. This tree is defined in 9.5.3. If P is the root of such a tree, then the trée together with the stateq of its

h gidp

bn SP.
mpo-
Ctivity

ptions
b state
ed for

bcution in gidp; i.e., AS is the-set'of transitions selected from among those offered by the entire set of module

A\S set
below

it of a

sylstem (or it is asystem itself). Therefore the definitions below serve to characterize the synchronized parallelism
thin (i.e., among the descendant instances of) a systemprocess and nondeterminism within a systemactivity.

(a) If the tree of gidp is simply the single instance P, i.e., gide = (P:sp) and (sp, tp) is the local situati

of P

in gidp, then AS(gidp) = {tp} (the set {null} is identified with the empty set).

(b) Let Py, Py, ..., Py, k > 1, be children instances of P in the tree of gidp, and let (sp, tp) be the local situation

of P in gidp.
(1) If tp # null, then AS(gidp) = {tp} (parent priority).
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(2)If tp = null and P is an activity or systemactivity (this implies that each P; is an activity), then
AS(gidp) equals one of the nonempty sets AS(gidp,),i=1,..., k, if such exists, and is empty otherwise.
The choice is nondeterministic. (Notice that each AS(gidp,) is either empty or consists of exactly one
transition since activities are substructured only into activities.)

(3) If tp = null and P is a process (or systemprocess), then AS(gidp) = U:;l AS(gidp,).

NOTE — The above definition has the simple sense discussed in 5.2. If P is a system module instance, then AS(gidp) denotes the

set of transitions that this system may currently (i.e., in gidp) perform and will actually execute, in a synchronized and parallgl

way, fr
express
and poi
priority|

Example

In Figyre 1(c) consider the tree of gid for the systemprocess which is an instance of the module A (in this exampl¢

declarg

Rema
tion. ]
illustrd
Theref

m among those transitions which are chosen autonomously by every component instance of the system. Point\(b)(1)
bs the parent/children priority principle; point (b)(2) shows nondeterministic execution among a hierarchy offactivitie,
ht (b)(3) indicates that every transition offered by a process within a system, if not constrained by a ancestor/descenda
conflict, will be selected and executed.

=3

d names of modules are used as names of their instances).

a) Assume:
null is offered (locally) by A
null is offered by Al
t11 is offered by A1l
t12 is offered by A12
t2 is offered by A2.

n this case: AS(gidp) is either {t11,t2} or {t12,t2}.

b) Assume:
same as in (a) but t1 is offered by Al.
n this case: AS(gida) = {t1,t2}.

c) Assume:
as in (b) but t is offered by A
[n this case: AS(gida) = {t}.

rk: As observed earlier, forya given gidp, there may exist more than one set of transitions selected for exect
Chis is due both to the‘mondeterministic choice in the case of activities (point (b)(2) of the above definitio
ted by Example 3(4)); and to the local nondeterministic choice in selecting a transition by a module involvefl.
ore, in the textythat follows, AS*(gidp) will denote the set of all possible sets of transitions selected for

=

execu

Note fjnally that'edch set AS (and in consequence the set AS*) may depend on the current delay values and not only

on gi

values| The precise nature of this dependency is defined in 9.6.5.

ion in a given-gidp, and AS(gidp) will denote an element in AS*(gidp).

. As 'Wwas indicated in 5.3.1, the transition to be offered by a module instance may depend on these delgy

534

Global behavior

Let SP denote an instance of the specification module (the main module in Estelle). The behavior of SP is defined
operationally; i.e., for a given global instantaneous description of SP, the set of all possible next global instantaneous

10
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descriptions of SP is characterized. The computation starts with any of SP’s initial gid; i.e., it is assumed that the
specification module instance already exists in one of its initial states which, in turn, determines its initial gid.
As noted above, the specification’s initial state (therefore a corresponding gid) defines a fixed number of system
module instances. These systems never cease to exist and the link structure above them in the hierarchy is fixed for
the lifetime of the specification (if the specification’s initial state does not contain a system module instance, then
the specification behavior degenerates to this initial state).

otice that, for every gidsp, its part rooted at S;(i = 1,...,n) is a global instantaneous description of-S;; denote

this gidsp/S;. Similarly, let AS(gidsp/S;) denote the set of transitions selected for execution froni~among

in gidgp. Transitions once selected (i.e., permitted to run) eventually execute.

iy Ry R L <z A+

nl. ~ -1 = L QD sxrn vmmam o fiimlas Faid R N R A LT e
Dl a giooai siiuaiion g Sr, W€ mean a tupie: (gidsp; Al,...,Ap), WNEIC €acn A; IS @ set of transiitons
mponent instances of the system rooted at S;.

(e}
wn

< PRSI

1AL o1 citiiats v
2100dl S1tudlionl O

3>

gidgp is initial, and
Ai=0, fori=1,...,n.

Ehch transition t of a component module instance may change internal objects of the instance (state) and,
a gid in more than one possible way. Given a gidsp and a transition t, in this clause, we will use the notation t
td represent one of the possible resulting global instantaneous descriptions and the notation t*(gidsp) to re
the set of all possible resulting global instantaneous descriptions. Precise definitions of these are given i
afnd 9.5.4. Clearly, t(gidsp) € t*(gidsp).

The following property is assumed below:

if two transitions t; and t; are selected by S; and S;, respectively, and both are defined as partial functions
for gidsp, then t; is also defined for any tj(gidsp) and similarly, t; is defined for any t;(gidgp).

NPTE — For a given gidp, there are only three ways the execution of a transition t; may make another transition t; ung
eifher t; changes values of someyvariables of the module instance, call it P;, the transition t; belongs to, or it releases the

.. Ap). the set of next global situations is

Foreveryi=1,...,n,

(a) if Aj = 0, then for every AS(gidsp/S;) € AS*(gidsp/S)),

(gidsp; A1, ..., AS(gidsp/Si), . .., An) is a next global situation of sit.

those

PO VISR NP I TRRNIDE TSRS SRS RPUIPRPRRY R TN U SPIPURPRPIRIPRPRPI B SR, o NSRRI T T ) s . a
trpnsitions offered by the entire subtree of moduie instances rooted at S;. This tree 1s called the system rootéd at S;

of the

by its

Ashtmszte alon Ahaman ansriranante ~AF Athawe D PRSP AP, i~ ARG PSS SV, PUPIL . SV SREIRPL. SRR, USRI (Y
Ogiputs, aidu Lilalige Cliiviioiineuts 01 Ouicis. potausc t ilay Contaii nonacieriminisuc msuructons, it may uragsiorm

gidsp)
resent
953

efined:
module

instance Pj, or it detaches ‘aminteraction point of the module instance P;. In each of these cases, t; must be a transitior} of the

finition

he fact
uately

11
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(b) if A; # 0, then for every t € A,

NOTES

1 There

case (b),
from norldeterminism of each component process in the system rooted at S; must be taken into account.

2 The atpove definition expresses the fact that no assumptions are made about the relative speed of execution of trapsitions. Al

possible

executin
is only 4 means of expressing concurrency without any implicit possibility of waiting an unspecified amount of time beforg

actually

3 Once

generate
try agair] in its next “system snapshot”, the duration of which is unknown. This is expressed:by\(@). Alternatively, one may say

that a sy
the systdm Si. This means that each system runs independently from the others.

A sequgnce of global situations of SP, sity, sity, ..., sitj, ..., is called a computation of SP if and only if sity is initial

and for

A global situation sitj(j > 0) in a computation is a snapshot of the.System S;(i =1,...,n) if it is a next situation of

Sitj_l d

535

Some H

a trans
minimi
by two

time v4lues with respect to the dynamic change of global situations, as described in the previous clause, relates th
progres

The co
terms:
in a m
approp|
no spe
accoun

(t(gidsp); A1, ..., Ai \ {t}, ..., Aq) is a next global situation of sit.

e are

and different empty sets A; in sit, for the case (a). In addition, in case (a), all possible choices of the set AS resulting

interleavings of them must be considered. Notice, however, that once a transition is in the set A, it is considered to bg
b and cannot be suspended as a result of another transition which completed its task earlier. In other words, interleaving

Executing.

la set of transitions AS(gidse/Si) selected by the system S; for execution is actually exceuted, then a new set AS i
H in the new global instantaneous description “projected” onto the system. If this AS setis-empty, then the system wil

ktem executes a “null” transition. Thus, the moment when a new set AS of actions d8)generated is solely determined b}

every j > 0, sit; is one of the next global situations of sitj—; as‘described by (a) or (b) above.

bscribed by (a) above (i.e. it is a situation in which a new AS set is chosen for the i-th system).

Concept of time in the model

stelle transitions may contain a delay-clause (see 7.5.7). The intention of the delay-clause is to indicate thg
ion’s execution (if it is enabled in a state) should be delayed. Two times are associated with a delay: th
m time the transition must be delayed and the maximum time it may be delayed. These are initially specifie
values of integer expressions gccurring in the delay-clause. The dynamic change (non-increasing) of thes

s of time and computation.

mputational model for Estelle (as described in 5.3.3 and 5.3.4) is intentionally formulated in time-independer
bne of the principal assumptions of this model is that nothing is known about the execution time of a transitio|
dule instanc€. Knowledge of execution speeds is considered implementation dependent. That is why a
riate sequences of interleaved transitions have been considered as possible computations. In this perspective

t.

0 WL (U e+

w

=}

ificaelationship between a time unit and execution speed of a module instance can be known or taken intp

© ISO/IEC

d

—

—

Consequently, delay values are assumed in this model to be dynamically changed by a “time process” which is
independent of a specification. That is also the reason a timescale, optionally given in the specification, is treated as
semantically irrelevant; it is merely an indication of the designer’s intentions.

The only assumptions about time (i.e., about this external “time process” whose results are observed in terms of
delay values during computations) that are taken into account in this semantic model are that

12
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| Meta-symbol | Meaning

shall be defined to be
alternatively

end of definition

0 or 1 instance of x

0 or more instances of x

l
xi
{x}

ISO/IEC 9074:1997(E)

+{x} 1 or more instances of x
x]y) grouping: either of x or y
xy xy | yx
a---Ya, all possible strings consisting of all the
elements concatenated in an arbitrary order
“xyz” the terminal symbol xyz

meta-identifier | a nonterminal symbol

Table 1 — Metalanguage Symbols

(a) time progresses as the computation does, and
(b) this progression is uniform with respect to delay values of trafisitions involved.

int (b) means that given two enabled and delayed transitions in-a'computation situation, if they remain enah
e following situation, then their delay values would decreaseif at all) by the same amount. Any other cons

hdmissible, e.g., for simulation purposes.

e technical and precise formulation of the approach sketched above can be found in 9.6.4 and 9.6.5.

Definitional Conventions

1 Syntax definitions

e metalanguage used in(this International Standard to specify the syntax of constructs is based on Backug
rm. The notation has\beén modified from the original to permit greater convenience of description. Table
e meanings of the-various metasymbols.

meta-identifier‘shall be a sequence of letters and hyphens beginning with a letter. A sequence of termin
huses 7 and 8 and Annexes A and C and their subclauses this concatenation shall be direct; no character

ervéne In all other parts of this International Standard the concatenation shall be in accordance with the gr3
’es Set out in clauses 7, 8 and Annex C.

led in
raints

 considered implementation dependent. Any constraint, however, which does not contradict the above assumption

-Naur
1 lists

al and
nterminalsymbols in a production implies the concatenation of the text that they ultimately represent. Within

shall
mmar

Syntax rules are defined in clauses 7, 8 and Annex C; the relationship between the parts is as follows. Annex C
defines a subset of ISO Pascal [ISO/IEC 7185:1990] used by Estelle. Clause 8 defines extensions to the subset
defined in annex C and summarizes the restrictions imposed by the subset. Clause 7 defines those grammar elements
that are unique to Estelle. By convention, in clauses 7 and 8, nonterminal symbols written entirely in upper case refer
to the corresponding lower case nonterminal symbol in the grammar rules found in Annex C (e.g., IDENTIFIER).

13
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Note that some nonterminals found in Annex C are extended by clause 8. For example, an applied occurrence
of COMPONENT-VARIABLE in clause 7 refers to the nonterminal symbol “component-variable” as defined in
Annex C and as extended in clause 8.

NOTE — The start symbol of the grammar is the nonterminal symbol specification (see 7.2.1).

A complete listing of the syntactic elements is presented in Annex A.

Use of “of” “in” © ining” “closest-containing” when expressing a relationship between terminal
or nonferminal shall have the following meanings:

he x of a y: refers to the x occurring directly in a production defining y
he x in a y: is synonymous with “the x of a y”
h y containing an x: refers to any y from which an x is directly or indirectly derived

he y closest-containing an x: that y which contains an x but which does not contain anothery containing
hat x.

These [syntactic conventions are used in clauses 7, 8 and Annex C to specify certainsyntactic requirements and al§o
the contexts within which certain semantic specifications apply.

—

By copivention, when terminal and nonterminal symbols appear in prose-descriptions of constraints and informa
semanltics, these symbols are in bold font.

6.2 |Semantic notations

The f¢llowing is a summary of the most important notations’used in clauses 5 and 9.

Sets:
)  — empty set
€ — setelement
U  — setunion
M  — set intersection

U P(x)

< — union of all-Sets’P(x) defined over the index set A

\  — set subtraction

x  — set cartesian product

POWER(A)

= the set of all subsets of the set A

A*_ ~— the set of finite sequences (lists) of elements of the set A
Lists:

nil — the empty list

head

— head(L) = a if L = al’, i.e., head is the function defined for nonempty lists that returns the first
element of the list L

14
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tail — tail(L) = L' if L = al’, i.e., tail is the function defined for nonempty lists that returns the list which
remains after removing the first element from L

append
— append(L’, L) =LL/, i.e., append is the function that, for two arbitrary lists L' and L, returns the list
which is the concatenation of L with L’

Functions:
f—A=B
— fis a total function from the set A into the set B
f:A~B
— fis a partial function from the set A into set B (note that every total function is also|partial)

dom(f)
— the set of all elements in the set A for which the (partial) function f : A ~».B is'defined (the domain

of f)
f: A~ B~» Cmeansf: A~ (B~ C) (similarly for —)
f(a)(b) = (f(a))(b)

— see above

fl[g] — the covering operator which for any two partial function§4 : A ~ B and g : C ~ D retufns the
function f{g] : AU C ~ B UD with:

dom(f[g]) = dom(f)Udom(g), and

_ [ g@ ifae dom(g)
flel@) = { f(a) ifa ¢ dom(g)

f(ar/V1, .., 8n/Vn)

— simultaneous substitution, i.e., an operator that, for a given function f : A ~B, a;,...,a, € dom(f)
and vy,...,v, € B, returns the fungfion of the same domain and identically defined as f for all|a # a;
(i=1,...,n), and assuming the value v; for an argument a;

Meta-expressions:

—

’Ir]lge metalanguage used for semantic definitions is a mixture of conventional mathematical notation and the follow-
programming-like construct§, which are assumed to have known meanings:

Assignment: meta-var/:= meta-exp

Conditional: if'meta-exp then meta-stm; else meta-stm;

Forall staterent: forall x € Set do meta-stm

Block:let local meta-definitions and/or assumptions in meta-stm

Compound meta-statement: (meta-stmj; meta-stmsy; . . . ; meta-stmp)

Remark 1: All the above constructs are used in a relatively functional style despite the presence of assignments.
They serve, in most cases, to define a result of state transformation.

Remark 2: Any state is a complex object: S = (s.ie,s.Loc,...,s.out). An assignment to a state component, e.g.,
s.Loc :=f(s.Loc, .. .) describes a state transformation which for a given state s returns a new state that is identical to
s except that s.Loc component has changed in the way given by the function f.

15
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Remark 3: The meta-stm in a forall statement is executed for each element in the Set of this statement. The result
of a forall meta-statement never depends in this International Standard on the order of execution except when it is

used

to explain the all-statement of Estelle.

Remark 4: Local definitions and assumptions in a block (those between “let” and “in”) are valid only within the
closest following (compound) meta-statement.

Special conventions:

7

7.1

This clause defines the elements of the language, giving the syntax with BNF grammar rules, the context dependept
static ¢onstraints and scope rules, and the informal semantics with references to formal semantics.

7.1.1

The characters appearing in-Estelle specifications shall be those defined in ISO/IEC 646:1991.

NOTE|— As noted in ‘Atmex C, the representation of any letter (upper-case or lower-case, differences of font, etc.) occurrin
anywhere outside of\ 4 character-string (see Annex C, 6.1.7) shall be insignificant in that occurrence to the meaning of the
specifigation.

7.1.2

7.1.2

Each

16

INST(M, B,E)
— the set of instances of the module given by a module-header-definition M and a module:body
definition B in a context environment E

INST(M, E)
— the set of instances of any module given by a module-header-definition M in a comntext environme
E

[[Estelle-statement]p
— interpretation of an Estelle statement in a module instance P (as a partial-function from the instance
states into sets of instance’s states); i.e., [ ]p denotes the semantics of statements.

valp(Estelle-expression)
— interpretation of an Estelle expression in a module instance P (as)a partial function from the instance
states into the set of values); i.e., valp denotes the semantics of«€xpressions.

ILanguage elements

(Introduction

Character set

=

h

w

w

g

Estelle scope rules

1

IDENTIFIER or LABEL contained by the body-definition of the specification shall have a defining-point.


https://standardsiso.com/api/?name=fcb588ffaf36bd33b75378d7b4115f2d

© ISO/IEC ISO/IEC 9074:1997(E)

7.1.2.2

Each defining-point shall have a region that is a part of the specification text, and a scope that is a part or all of that

region.

7.1.2.3

Th region of each defining-point is defined in clauses 7, and 8, and in Annex C.

Rejmark: In the clauses above referencing the modified Pascal Standard (Annex C, clause 6), all referenges to

“block” shall be replaced by “block or transition-block or body-definition”.

7.1.2.4

The scope of each defining-point shall be its region (including all regions enclosed by that region) subject

copstraints in clauses 7 and 8, and in Annex C. (Note especially 7.1.2.6).

7.1.2.5

When an IDENTIFIER or LABEL has a defining-point for region A and another IDENTIFIER or LABEL

thq same spelling has a defining-point for some region B enclosed by A, then region B and all regions enclo

B $hall be excluded from the scope of the defining-pointfor region A.

7.1.2.6

THe region that is the FIELD-SPECIFEER of a FIELD-DESIGNATOR shall be excluded from the enc

scppes.

THe region that is the role-identifier of an interaction-point-type shall be excluded from the enclosing scops

THe region that is the external-ip of a child-external-ip shall be excluded from the enclosing scopes.

THe region that is the €¥ported-variable-identifier of an exported-variable shall be excluded from the enc

scppes.

THe region _that'is the interaction-identifier of an interaction-reference shall be excluded from the enc

scppes.

The region that is the interaction-argument-list of a transition shall be excluded from the enclosing scopes.
I g g g scop

o the

ving
d by

osing

@

osing

osing

7.1.2.7

When an IDENTIFIER or LABEL has a defining-point for a region, another IDENTIFIER or LABEL with the

same spelling shall not have a defining-point for that region.

17
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Within the scope of a defining-point of an IDENTIFIER or LABEL, each occurrence of an IDENTIFIER or
LABEL having the same spelling as the IDENTIFIER or LABEL of the defining-point shall be designated an
applied occurrence of the IDENTIFIER or LABEL of the defining-point, except for an occurrence that constituted
the defining-point of that IDENTIFIER or LABEL; such an occurrence shall be designated a defining occurrence.

No occurrence outside that scope shall be an applied occurrence.

NOTE

7.1.2.p

The d
or LA
FIER
conta

7.1.2.]10

Identifiers that denote required constants, types, procedures and functions shall be used as if their defining-poifts
L region enclosing the specification (see Annex C, C.6.1.3y€.6.3, C.6.4.1 and C.6.6.4.1).

have

7.1.2411

What
that I

NOTH

a use that constitutes a defining-point is gfiot'qualified.

7.2

7.2.1

18

Syntax

specification

I

Structure of a specification

“specification” IDENTIFIER [ system-class ] «;”

[ default-option
[ time-options ]
hnr‘ly definition

s]

— Within the scope of a defining-point of an IDENTIFIER or LABEL, there are no applied occurrences of andDEN-
TIFIHR or LABEL that cannot be distinguished from it and have a defining-point for a region enclosing that scope.

efining-point of an IDENTIFIER or LABEL shall precede all applied occurrences(of that IDENTIFIER
BEL contained by the body-definition of the specification with one exception; namely that an IDENTI-
may have an applied occurrence in the TYPE-IDENTIFIER of the domain-type of any new-pointer-tyfes
ned by the type-definition-part that contains the defining-point of the TYPE-IDENTIFIER.

bver an IDENTIFIER or LABEL denotes-at'its defining-point shall be denoted at all applied occurrences|of
DENTIFIER or LABEL.

— Within syntax definitions, an applied occurrence of an IDENTIFIER is qualified, e.g. TYPE-IDENTIFIER, wherg¢as

system-class

uend” u.” .

“systemprocess

t3] |u

systemactivity” .
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@,

default-options = ‘“‘default” queue-discipline “;

39 ¢ (3 l “

queue-discipline = ‘“common” “queue individual” “queue” .

time-options = “timescale” IDENTIFIER “;” .

body-definition = declaration-part
initialization-part
transition-declaration-part .

7.2.2 Constraints

The IDENTIFIER of the specification shall be the specification nammhe Which shall have no significance within the
specification.

If|a specification is declared with the systemactivity keyword, as its system-class, then it is said to have the sys-
temactivity attribute and all enclosed modules (if any) mustbe'declared with the activity attribute. The specification
sHall have a system-class if its body-definition closest contains a non-empty transition-declaration-part.

The default-options define the queuing discipline -wiich is to be used for any interaction point declaration|in the
specification which has no explicit queue-discipline specified. A default queue-discipline shall be provided|if any
interaction point within the entire specification-is declared without a queue-discipline.

If|specified, the timescale option definés the default units for all delay clauses specified for transitions contained
wijthin the specification. See 7.5.7.

The set of allowable IDENTIFIERs for the time-options shall include the identifiers hours, minutes, se¢onds,
illiseconds, and microseconds.

7.2.3 Interpretation rules

Alspecification\module with a default option included is semantically equivalent to the same specification without
thiis option‘where, for any interaction-point-declaration without a queue-discipline, the default option ahove is
added,

The-time-options clause shall have no semantic significance.

The interpretation of a specification such as:

specification identifier [ system-class J;
body-definition
end.

19
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shall be the same as the interpretation of the following module (see 7.3.6,7.3.7, and clause 9); i.e., instances of such
a specification are defined as instances of the module below:

module header-identifier [ system-class 1;
end;
body identifier for header-identifier;

where

and the|body identifier and the specification identifier are the same, and the body-definition within the’specification
is identlcal with the one in the module-body-definition, and the keyword systemactivity or systemprocess appears
in the specification if, and only if, it appears in the module header.

7.2.4

Initially, it is assumed that a specification instance exists in one of the initial states that results from executing
transitipn from its initialization-part (7.5.10) if the initialization-part is nonrempty. If the initialization-part i
empty, [then the instance exists in a preinitial state, as defined in 9.4.5.2.

The gl

7.3

The cl

definitjon-part, may occur more than once.

7.31

20

ehd;

hnrly-ﬂpﬁniﬁnn

the header-identifier in the module-header-definition and module-body-definition are the same identifier,

Informal semantics

T

bal behavior described in 5.3 applies only to collections of systems of modules defined by a specification.

Declaration part

duses of the declaration-part are given below: They may occur in any order and each, except for the state

Syntax

jeclaration-part = { declarations } .

leclarations = CONSTANT-DEFINITION-PART
|(TYPE-DEFINITION-PART

| channel-definition

| module-header-definition

| module-body-definition

| interaction-point-declaration-part

"

= = t
| VARIABLE-DECLARATION-PART
| state-definition-part

| state-set-definition-part
| PROCEDURE-AND-FUNCTION-DECLARATION-PART .
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7.3.2 Constraints

When an IDENTIFIER has a defining-point as a variable-identifier for region A and there is a region B enclosed
by A which is a body-definition, then region B and all regions enclosed by B shall be excluded from the scope of
the defining-point for region A.

When an IDENTIFIER has a defining-point as a procedure-identifier or function-identifier for region A, and
theLe is a procedure-block or function-block following the procedure-heading or function-heading which is a
block (not primitive), and there is a region B enclosed by A which is a body-definition, then region(B)and all
regjons enclosed by B shall be excluded from the scope of the defining-point for region A.

Thére shall be at most one state-definition-part in each body-definition.

7.313 Informal semantics

A declaration-part of a body-definition establishes sets of permissible valies for each internal object of|each
insfance of a module with this body-definition (i.e., the set of states of an instance; see 5.1 and 9.4) and the ex{ernal
context environment in which the instances of the children modules are defined (see 9.3).

Th¢ CONSTANT-DEFINITION, TYPE-DEFINITION, VARIABLE-DECLARATION, and PROCEDURE-
AND-FUNCTION-DECLARATION parts are given in clause 8:and Annex C.

7.3.4 Channel definition

7.34.1 Syntax

channel-definition = channel-heading channel-block .

channel-heading = “chaphel” IDENTIFIER “(” role-list “)” “;” .

channel-identifier = IDENTIFIER .

role-list = IDENTIFIER “,” IDENTIFIER .

role-identifier = IDENTIFIER .

channel-block = +{ interaction-group } .

21
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TRl [T

interaction-group = “by” role-identifier [ “,” role-identifier ] *“:
+{ interaction-definition } .

interaction-definition = IDENTIFIER

e STATITE DADRAMEOTEDD CDDOTDTC ATTON
T { Voo

T T IXINT VI T ICOT DCTIT ITCT XTI TOTY

{“” VALUE-PARAMETER-SPECIFICATION } “)”] “;” .

interaction-argument-identifier = IDENTIFIER .

interaction-identifier = IDENTIFIER .

7.3.4.2 Constraints
The occurrence of an IDENTIFIER in the channel-heading of a channel-definition shall constitute its defining-
point ps a channel-identifier for the region that is the body-definition closest-containing the channel-definition|

The ofcurrence of an IDENTIFIER in the role-list of a channel-heading of a channel-definition shall constityte
its defining-point as a role-identifier for the region that is the channel-definition.

Each fole-identifier referenced in an interaction-greup shall have been previously specified in the role-list of the
channel-heading of the channel-definition that closest-contains the interaction-group.

-
w»

The dccurrence of an IDENTIFIER in th€ interaction-definition of an interaction-group shall constitute |i
definipg-point as a interaction-identifier for the region that is the channel-definition.

The occurrence of an IDENTIFIER in‘the value-parameter-specification of an interaction-definition shall cqn-
stitutq its defining-point as a interaction-argument-identifier for the region that is the interaction-definition.

A tygle shall be designated (s, pointer-containing if it is a pointer-type or it is a structured-type possessing a
component-type that is poiniter-containing.

A VAILUE-PARAMETER-SPECIFICATION of an interaction-definition of a channel-definition shall not cqn-
tain a| TYPE-IDENTIFIER denoting a pointer-containing type.

7.3.4.3 “Interpretation rules

Each interaction-definition within an interaction-group is said to be associated with the role-identifier(s) of the
group.

Any channel-definition is semantically equivalent to a channel definition with exactly three interaction-groups:
one for the first role-identifier, one for the second, and one for both role-identifiers of the role-list.

22
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The first interaction-group includes all interaction-definitions associated with the first role-identifier a
associated with the second.

The second interaction-group includes all interaction-definitions associated with the second role-identifi
not associated with the first.

The third interaction-group includes all interaction-definitions associated with both role-identifiers.

nd not

er and

Eramplc.

channel H(R1,R2); channel H(R1,R2);
by R1: ml; is equivalent to by R1: ml;
by R2 : m2; by R2 : m2; m4;
by R1,R2 : m3; by R1, R2 : m3; m5;
by R2 : m4;
by R1, R2 : mS5;

783.4.4 Informal semantics

For a given interaction point, a module assumes a role declared by, a role-identifier contained in the role

the opposite role may receive interactions associated with the ¢irst role. (See also module interconnection
td7.6.7.)

Remark: Each of the two role-identifiers in the role-list\is said to be the opposite of the other.

Eqch interaction-definition in an interaction-group~is said to be associated with each role-identifier
infteraction-group.

73.5 Interaction points

NPTE — An interaction point has three attributes:

— the channel identifier-reférenced,;
— arole identifier.speeifying which interactions the module may send and which it may receive;

— the queuing-diseipline to be used for interactions received through the interaction point.

—
=

feraction poinfs’may be declared in two forms: external (7.3.6.1) or internal (7.3.8). Like interaction points may be g
0 arrays.

5

list of

a channel-heading. A module may send an interaction associated.with its assumed role. A module that adsumes

, 7.6.3

bf this

rouped

Q

B.54 Interaction point declaration part

7.3.5.1.1 Syntax

interaction-point-declaration-part = “ip” +{ interaction-point-declaration ;" } .

23
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interaction-point-declaration = IDENTIFIER-LIST “:” interaction-point-type
| IDENTIFIER-LIST “:” “array” “[” index-type-list “I7
“of” interaction-point-type .

interaction pninf identifier = IDENTIFIER

interaction-point-type = channel-identifier “(” role-identifier “)” [ queue-discipline ] .

index-type-list = INDEX-TYPE { “,” INDEX-TYPE } .

7.3(5.1.2 Constraints

NOITE — Interaction point identifiers may be referenced only in the binding Operations connect and attach (7.6.3 and 71.6.4),
the lunbinding operations disconnect and detach (7.6.5 and 7.6.6), the when clause of a transition (7.5.6), and in the opitput
statement (7.6.8).

If 4 queue-discipline is not given in an interaction-point-declaration, then the default queue-discipline df the
spdcification shall have been specified, and the default queue-discipline shall be used as the queue-disciplipe of
the{interaction point.

An|INDEX-TYPE of an index-type-list of an interaction-point-declaration shall be a finitt ORDINAL-TYPE.

The occurrence of a channel-identifier in an‘interaction-point-type shall constitute the defining-point of thejrole-
identifiers associated with that channel-identifier for the region that is the interaction-point-type.

NOTE — The role-identifier of the interaction-point-type must be one associated with the channel-identifier of the interagtion-
point-type.

7.3.5.1.3 Informal semantics

Arl interaction-point-identifier identifies a single interaction point or an array of interaction points.

Ar interactioh.point is an abstract, bidirectional interface through which a module may send and receive interactions.

Ar inferaction-point-type references a channel-identifier and a role-identifier associated with that channel-
identifier. Any interaction associated with that role may be sent through an interaction point of this intera¢tion-
point-type. Any interaction associated with the opposite role may be received through an interaction point of this
interaction-point-type.

The queue-discipline of an interaction-point-type determines whether the queue assigned to any interaction point
of that type within a module instance is shared (common) or is not shared (individual) with other interaction points
of that module instance (see 9.4.3).
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7.3.5.2 External interaction points

997(E)

External interaction points of a module are declared in the interaction-point-declaration of a module-header-
definition.

7.3.5.2.1 Constraints

The

and

7.3

Ext

occurrence of an IDENTIFIER in the interaction-point-declaration of a module-header-definitio

shall associate the interaction-point-identifier with a distinct component of the module-header-type.

5.2.2 Informal semantics

usipg disconnect and detach operations (see 7.6.5 and 7.6.6).

7.3

7.3

6 Module header
6.1 Syntax

module-header-definition = “module” IDENTIFIER (¢lass] [ “(” parameter-list 1
[ “ip” +{ interaction-point-declaration “;” } ]
[ “export” +{ expofted-variable-declaration “;” } ]
‘LendY’ “;” .

header-identifier = IDENTIFIER(.

class = “systemprocess’ | “systemactivity” | “process” | “activity” .

parameter-list = ~“VALUE-PARAMETER-SPECIFICATION
{ “,” VALUE-PARAMETER-SPECIFICATION }.

gxported-variable-declaration = VARIABLE-DECLARATION .

n shall
conftitute its defining-point as a interaction-point-identifier for the region that is the module-header-deﬁ'ltion

Ernal interaction points may be bound using connect and attach operations (see(7:6.3 and 7.6.4) and unbpund

7.3.6.2 Constraints

The occurrence of an IDENTIFIER in the module-header-definition shall constitute its defining-point as a header-
identifier for the region that is the body-definition closest-containing the module-header-definition. When an

25
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IDENTIFIER has a defining-point as a header-identifier for region A and there is a region B enclosed by A
which is a body-definition, a PROCEDURE-BLOCK, or a FUNCTION-BLOCK, then region B and all regions
enclosed by B shall be excluded from the scope of the defining-point for region A.

The occurrence of an IDENTIFIER in the VALUE-PARAMETER-SPECIFICATION of a parameter-list of a
module-header-definition shall constitute its defining-point as a module-parameter-identifier for the region that
is the module-header-definition and its defining-point as the associated variable-identifier for any region that

le-header-definition.

The ¢ccurrence of an IDENTIFIER in the interaction-point-declaration of a module-header-definition sHall
constjtute its defining-point as a interaction-point-identifier for the region that is the module-header-definition
and shall associate the interaction-point-identifier with the header-identifier.

NOTH — Module parameters are passed by value (see 9.6.6.1).

A VALUE-PARAMETER-SPECIFICATION of a parameter-list of a module-header-definition shall not cpn-
tain d TYPE-IDENTIFIER denoting a pointer-containing type.

The pptional keyword systemactivity or systemprocess shall be used in a_module-header-definition if fhe
trangition-declaration-part of at least one associated body-definition is nen-empty and no enclosing modulg is
attributed with the keyword systemactivity or systemprocess.

The ¢ptional keyword systemactivity or systemprocess shall not be used if an enclosing (i.e., ancestor) modul¢ is
attributed with the keyword systemactivity or systemprocess.

The ¢ptional keyword activity or process shall be in each enclesed (i.e., descendent) module-header-definition of
a moflule that used a keyword systemprocess or systemactivity.

The pptional keyword activity or process shall not bg ‘used in modules enclosing a module attributed with the
keyword systemprocess or systemactivity.

A mqdule-body-definition associated with a module-header-definition with a keyword systemactivity or activity
shall jnot enclose a module-header-definition with a keyword process.

Remfirk: From the above constraints ohe may derive that:

— each active module shall be attributed,
— each ancestor of a medule attributed as systemprocess or systemactivity shall be inactive and unattributed,

— each descendant-of a module attributed as systemprocess or process shall be attributed as process| or
activity, and

— each.descendant of a module attributed as systemactivity or activity shall be attributed activity.

7.3.6{3-~Informal semantics

The module header defines defines the external visibility of a module in terms of its interaction points and exported
variables (see 5.1).

Exported variables are variables belonging to any instance of the specified module which can be accessed by its
parent. The rules for accessing these variables are given in 7.4.3.
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The module header also defines parameters which are passed to an instance of the module when the instance is
created (see 7.6.1 and 9.6.6.1). Parameters may be referenced in the body of the corresponding module. Since
moduie parameters are passed by vaiue, each moduie instance receives its own copy of the parameters with their
actual values evaluated at the time a module instance is initialized.

Remark: The interaction points declared in the module-header-definition are called external interaction points.

713.7 Module body definition

The module-body-definition shall associate a header-identifier with a module body-identifier, and its body.

7{3.7.1 Syntax

module-body-definition = “body” IDENTIFIER “for” header-identifiert;”
( body-definition “end” “;” | “externaf?*;”) .

713.7.2 Constraints

The occurrence of an IDENTIFIER in‘the ' module-body-definition shall constitute its defining-point as a|body-
identifier for the region that is the body-definition closest-containing the module-body-definition. W
IDENTIFIER has a defining-point-as a body-identifier for region A and there is a region B enclosed by A
body-definition, a PROCEPURE-BLOCK, or a FUNCTION-BLOCK, then region B and all regions enjclosed
by B shall be excluded from the’scope of the defining-point for region A.

0

The occurrence of a-header-identifier in a module-body-definition shall constitute a defining-point of each
infteraction-point-identifier associated with that header-identifier for the region that is the moduleibody-
definition. Whef/an' IDENTIFIER has a defining-point as an interaction-point-identifier for region A angl there
is| a region B-cnclosed by A which is a body-definition, a PROCEDURE-BLOCK, or a FUNCTION-BLIOCK,
then regionB.and all regions enclosed by B shall be excluded from the scope of the defining-point of region

The Occurrence of a header-identifier in a module-body-definition shall constltute a deﬁmng -point
exported-variable-identifier associated with that header-identifier for th
definition. When an IDENTIFIER has a defining-point as an exported-variable-identifier for region A and
there is a region B enclosed by A which is a body-definition, then region B and all regions enclosed by B shall
be excluded from the scope of the defining-point of region A.

NOTE — From the scope rules for module-header-identifiers it follows that a module-header-definition and any associated
module-body-definition must be immediately contained in the same declaration-part of a given module.
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7.3.7.3 Informal semantics

Each module-body-definition and the associated module-header-definition constitute a single module-definition
(see 5.1 and 9.1). If a module-body-definition contains the keyword external, then the specification in which the
module-body-definition occurs is not complete, and it denotes a collection of specifications: one for each specific
body-definition (followed by the keyword end) substituted in place of the keyword external.

There fnay § C ; y=defimiti v: o1y e ader-definition—Fa
modulg-body-definition defines one possible internal behavior of a module, where the external visibility is give
by the module-header-definition. A body for a module is selected in an init statement when a module instagce
created.

[ZIn=]

7.3.8 |Internal interaction points

Interngl interaction points shall be specified in an interaction-point-declaration withir the declaration-part of
modul¢ body-definition.

[

7.3.8.1 Constraints

The odcurrence of an IDENTIFIER in the interaction-point-declaration of an interaction-point-declaration-
part shall constitute its defining-point as an interaction-point-idemntifier for the region that is the body-deﬁnitiL
closest-containing the interaction-point-declaration-part. When an IDENTIFIER has a defining-point as |a
interaftion-point-identifier for region A and there is a region B enclosed by A which is a body-definition, |a
PROQEDURE-BLOCK, or a FUNCTION-BLOCK, then region B and all regions enclosed by B shall be ex
cluded from the scope of the defining-point for regionA.

7.3.8.2 Informal semantics

Interngl interaction points may be used to-exchange interactions within a module instance or to exchange interactions
with al child module instance. Internal interaction points may be bound using connect operations (see 7.6.3) arjd
unboupd using disconnect operations (see 7.6.5).

7.3.9 | Module variabledeclaration part

Module variables identify instances of modules. Multiple instances of a single module may exist, so module vafi-
ables perve to~distinguish between instances of modules and form part of references to exported variables afd
intera¢tion points of children modules.

7.3.9.1 Syntax

module-variable-declaration-part = “modvar” +{ module-variable-declaration ;" } .
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module-variable-declaration = IDENTIFIER-LIST “:” header-identifier
| IDENTIFIER-LIST *:” “array” “[”” index-type-list “”
“of”” header-identifier .

7.39.2 Constraints

Thd occurrence of an IDENTIFIER in the module-variable-declaration-part shall constitute its defining-point
as 4 module-variable-identifier for the region that is the body-definition closest containing the mgdule-variable-
dedaration-part. When an IDENTIFIER has a defining-point as a module-variable-identifier. for region A and
thefe is a region B enclosed by A which is a body-definition, a PROCEDURE-BLOCK /or a FUNCTION-
BLPCK, then region B and all regions enclosed by B shall be excluded from the scope of the defining-point for
reglon A.

7.3]19.3 Informal semantics

Mddule variables provide unique identification of an instance of a module) The initial value of a module-varjable
is Undefined. A value is assigned in an init statement. A release orterminate statement causes the value fo be
undefined.

Mddule variables are used by a parent module to qualify the.reference to exported variables of children (7.4.3)) and
to qualify the references to interaction points of children whenbinding or unbinding pairs of interaction points ([7.6.3
to 1.6.7).

7.310 State definition part

If the control state space of the EFSM (Exténded Finite State Machine) underlying the module is nonempty, it|shall
be ppecified by enumeration. All valdes of the control state of the extended finite state machine shall be enumdrated
in 4 state definition part.

7.3.10.1 Syntax

state-definition-part = “state” IDENTIFIER-LIST “;” .

state-identifier = IDENTIFIER .

7.3.10.2 Constraints

The occurrence of an IDENTIFIER in the state-definition-part shall constitute its defining-point as a state-
identifier for the region that is the body-definition closest containing the state-definition-part. When an IDEN-
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TIFIER has a defining-point as a state-identifier for region A and there is a region B enclosed by A which is a
body-definition, a PROCEDURE-BLOCK, or a FUNCTION-BLOCK, then region B and all regions enclosed
by B shall be excluded from the scope of the defining-point for region A.

7.3.10.3 Informal semantics

The sLate-deﬁnition-part enumerates the possible values of the control state variable.

7.3.1

7.3.1

7.3.1

The
defin

| State set definition part

[.1 Syntax

state-set-definition-part = ‘“stateset” +{ state-set-definition “;”} .

state-set-definition = IDENTIFIER “=" state-set-constant .

state-set-identifier = IDENTIFIER .

state-set-constant = “[”state-identifier { ,” state-identifier } “]” .

.2 Constraints

ccurrence of an IDENTIFIER in the state-set-definition of a state-set-definition-part shall constitute

definjtion-part. When-an/IDENTIFIER has a defining-point as a state-set-identifier for region A and there

regiol
regiol

h B enclosed by A"which is a body-definition, a PROCEDURE-BLOCK, or a FUNCTION-BLOCK, t
h B and all.regions enclosed by B shall be excluded from the scope of the defining-point for region A.

NOTH — State'sets may be referenced only in a from-clause of a transition.

ng-point as a state-set-identifier for the region that is the body-definition closest-containing the state-sEt-
i

7.3.11.3 Informal semantics

its

a
€n

State sets provide a means of referring to several states at once. A state set is simply a compact notation for the list

of its

30

elements; a state-set-identifier stands for the list of its elements.
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7.4 References to Estelle objects
7.4.1 Module variable reference

A module-variable is a variable which identifies an instance of a module.

74.1.1 Syntax

module-variable = module-variable-identifier
| module-variable-identifier “[” INDEX-EXPRESSION
{ “” INDEX-EXPRESSION } “]” .

module-variable-identifier = IDENTIFIER .

74.1.2 Constraints

The INDEX-EXPRESSION(s) of a module-variable shall bes¢ompatible and in corresponding order wjth the
INDEX-TYPEC(s) contained in the corresponding module-variable-declaration.

The INDEX-TYPE of an index-type-list of a module-variable-declaration shall be a finite ordinal type.

74.1.3 Informal semantics

Almodule-variable-declaration specifies the class of module instances the module-variable may assume as(values
(see 9.4.1 and 9.4.5 as well as 7.6.1).

NPTE — Module variables are usedby.a parent module to qualify the reference to exported variables of children (7.4.3] and to
qyalify the references to interactionpoints of children when binding or unbinding pairs of interaction points (7.6.3 to 7.6|7).

744.2 Interaction point reference
74.2.1 Syntax

connect-ip = child-external-ip | internal-ip .

@

child-external-ip = module-variable “.” external-ip .

external-ip = interaction-point-reference .
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internal-ip = interaction-point-reference .

interaction-point-reference = interaction-point-identifier
[ “[” INDEX-EXPRESSION { “,” INDEX-EXPRESSION } “]”] .

7.4.2.2 Constraints

The odcurrence of a module-variable in an child-external-ip shall constitute a defining-point for-€ach interaction-
point-fdentifier associated with components of the module-header-definition possessed by the’module-variable.

The interaction-point-identifier of an interaction-point-reference of an external-ip shallhave a defining-point |n
an int¢raction-point-declaration of a module-header-definition.

The interaction-point-identifier of an interaction-point-reference of an internal:ip shall have a defining-point |n
an int¢raction-point-declaration of an interaction-point-declaration-part-of a body-definition.

Any INDEX-EXPRESSION of an interaction-point-reference shall.b& compatible and in corresponding order
with the INDEX-TYPE(s) contained in the corresponding interactionpoint-declaration.

7.4.2.3 Informal semantics

An intferaction-point-reference identifies an interaction point, either external or internal, of a module instance, pr
an extprnal interaction point of one of its child instances (see 9.6.1).

7.4.3 | Exported variable reference
7.4.3.1 Syntax

9

exported-variable = _ module-variable “.” exported-variable-identifier .

exported-variable-identifier = IDENTIFIER .

7.4.3.2_-Constraints

The occurrence of an IDENTIFIER in the VARIABLE-DECLARATION of an exported-variable-list of a
module-header-definition shall constitute its defining-point as a exported-variable-identifier for the region that
is the module-header-definition, and shall associate the exported-variable-identifier with the header-identifier.

Exported variable types shall not be pointer-containing (see 7.3.4.2).
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7.4.3.3 Informal semantics

The exported variable refers to the denoted variable of the specified module.

ISO/IEC 9074:1997(E)

Example:
modvar
X : array [1 .. n] of module_type;
initialize
to sO
begin
alli: 1..ndo
begin
init X[i] with bodyid;
X[i].y :=0; { exported variable reference }
end
end

where the variable “y” is exported by a child module.

Exjported variables may be referenced in the BOOLEAN-EXPRESSION of a forone statement or an exigt-one

expression.

Examples:

forone T:transport suchthat T.y = 2
do —

or
provided exists Z:network suchthat Z;y-= 2
begin — end

7.5 Transition declarations

7.5.1 General introduction

THe notion of a‘transition is central to the functioning of any finite state machine. The informal description of Estelle

trgnsitions is\given in 5.1; the formal semantics is given in 9.5.1.

7.8.2~ Transition

7.5.2.1 Syntax

transition-declaration-part = { transition-declaration } .
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[ ~law it
+{ clause-group transition-bl

transition-block

transition-name

7.5.2{2 Constraints
A trj

Defi

transition clause.

34

priority.

clause-group = [ provided-clause ]
W[ from-clause ]
Y[ to-clause ]
Y[ any-clause ]
[ delay-clause ]
thl whan_olanca 1

Y Wiilii-CiauscT |

[ priority-clause ] .

CONSTANT-DEFINITION-PART
TYPE-DEFINITION-PART
VARIABLE-DECLARATION-PART

me ] STATEMENT-PART &

ix

“name” IDENTIFIER *“:” .

nsition-group shall be well-formed; as defined below.

(b) If A is°a’transition-block, then A is a well-formed transition-group.

ition: We define the notions of a well-formed transition-group and of the scope-region associated with a

(a) The category of-a transition clause may be one of the following: provided, from, to, any, delay, whenor

(cYIf €y, ..., cn (n > 1) are clauses of the same category C and ty, .. ., t, are well-formed transition-groups,
then city - - - cuty is a well-formed transition-group if and only if, the following three conditions are true: r

(1) a clause of category C shall not appear in ty, ..., t;;

(2) if C is a when-clause category then a delay-clause does not appear in ty, ..., t;

(3) if C is a delay-clause category then a when-clause does not appear in ty, ..., t,.

The scope-region associated with clause ¢; is the transition-group c;t;.
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The occurrence of an identifier in the transition-name of a transition-block of a transition of a transition-
declaration-part shall constitute its defining-point as a transition-identifier for the region that is the body-definition
closest-containing the transition-declaration-part. When an identifier has a defining-point as a transition-identifier
for region A and there is a region B enclosed by A which is a body-definition, then region B and all regions enclosed
by B shall be excluded from the scope of the defining-point for region A.

- .
7.5-2-3—Informmat-senmamtics

Egch module instance is an EFSM (Extended Finite State Machine). Each time a module instance is permifted to
execute, it executes one enabled simple transition (defined below) from among those defined within the nhodule
trpnsition-declaration-part. The semantics of these transitions together with the way they are\selected fqr exe-
cytion is given in 9.5, 9.6.3, and 9.6.5. If the transition-declaration-part is empty, then each module and each
mpdule instance is called inactive (see 5.1).

The syntax allows a transition to be identified by an optional name which is written immediately before the STATE-
MENT-PART of the transition-block. Such names may be useful for documentation purposes and in implerenta-
tign hints for automatic implementation tools. Like comments, they do not change the meaning of a specification.

7.5.2.4 Interpretation rules

In|Estelle it is possible to nest or telescope transitions, as in the examples below, where e.g., one from-clause applies
to|two transition-blocks. However, formal semantics are defified only for simple transitions, i.e., transitions which
arp neither nested nor contain an any-clause. The first part 0fthis clause defines the mapping from nested trangitions
tolexpanded transitions. The second part defines the interpretation rule for the any-clause. Applying both parfts to a
trgnsition yields a set of simple transitions equivalentto the original one.

2

.3.2.4.1 Expanding nested transitions

De¢finitions:

An expanded transition is a well-formed transition-group that contains exactly one transition-block.
An initialize transition is afi éxpanded transition that appears after the keyword “initialize”.

An input transition is@n€xpanded transition that has a when-clause in its clause-group.

A spontaneous transition is an expanded transition that has no when-clause in its clause-group.

Any transition-declaration is a shorthand notation for a sequence of transition-declarations, each cont hining
expetly onerexpanded transition. This equivalence is defined by the following recursive function, expand:

Ldt “trans” t be a transition-declaration, where t is a well-formed transition-group. Then it follows from the

To define expand, we define three additional functions: replace, insert, and expand'.

The function replace replaces “provided otherwise” by a corresponding “provided b”, where b is a boolean expres-
sion. If there is no “provided otherwise”, the function does nothing. Note that from 7.5.5.2, it follows that “provided
otherwise”, if it occurs, must be ¢,,.
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The definition of replace is as follows:

if ¢, is not “provided otherwise’”:
replace(t) =t
otherwise (c, is “provided otherwise”):
there are two cases:
ifn=1:
replace(c;t;) = “provided true” t;

© ISO/IEC

ifn> 1:
replace(city - - - Caty) =
city -« - Ca—ity—1 “provided not” ((by) “or” (by) “or” - - - “or” (by—1)) tu,
where fori=1,...,n— 1, ¢; is “provided” b;.

The d¢finition of insert is as follows:

nsert(c, “trans” t; - - - “trans” t, ) = “trans” ct; “trans” ctp - - -“trans” ct,

The dgfinition of expand’ is as follows:

f t is expanded:
expand'(“trans” t) = “trans” t
btherwise:
recall that t = ¢ty - - - cpty,.
There are two cases:
ifn=1:
expand’(“trans” t) = insert(c;, expand’(“trans’>replace(t;)))
ifn>1:
expand’(“trans” t) = insert(c;, expand’(“trans” replace(t;)))
expand’(“trans’Eats - - - Cotn)

The fynction expand can now be defined as:

Exa

(a

36

expand(“trans” t) = expand’(“trans” replace(t))

Cha:ii)ng the keyword “trans” to “initialize” in the above functions gives the values for the initialization-part.

le:
trans
when ip.m
from A
anyy1..2 do
provided E(X)
to C
begin
S11(X); S12(X)
end;
provided otherwise

to C
begin
S2
end;
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from B
to C
begin
S3
end;

is a shorthand notation semantically equivalent to (b).

ISO/IEC 9074:1997(E)

(b)rans
when ip.m
from A
any X:1.2do
provided E(X)
to C
begin
S11(X); S12(X)
end;
trans
when ip.m
from A
any X :1.2do
provided not E(X)
toC
begin
S2
end;
trans
when ip.m
from B
to C
begin
S3
end;

7.5.2.4.2 Interpretation of any-clause

If hn any-clause occuts in an expanded transition then the corresponding transition-declaration is only a shofthand
ndtation for a seguence of transition-declarations that contain no any-clause. The transitions in this sequengce are
caled simple. )Each of these transition-declarations contains an expanded transition resulting from the ofiginal
expanded transition by replacing each applied occurrence of each IDENTIFIER in the IDENTIFIER-LIST [of the
arjy-clause by one and the same value from the ORDINAL-TYPE of the any-clause (see 7.5.9). There shall be
orle Simple, expanded transition for each vector of values of ORDINAL-TYPE(s) contained in the any-clausg¢. The

length of these vectors is given by the number of identifiers in the IDENTIFIER-LIST of the domain-list of the

any-clause.

Example:

The first transition in part (b) in the above example is a shorthand for:

37
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7.5.3

7.5.3.

7.5.3

A to-
close

7.5.3

trans
when ip.m
from A
provided E(1)
to B
begin
S11(1); S12(1)

© ISO/IEC

trans
when ip.m
from A
provided E(2)
toB
begin
S11(2); S12(2)

end;

To clause

1 Syntax

to-clause = “to” to-element .

to-element = “same” | state-identifier .

2 Constraints

t-containing body<definition.

3C-Informal semantics

clause shall not be-tiséd if there is no state-definition-part in the declarations of the declaration-part of the

The to-element in the to-clause of a transition-declaration specifies the next control state following a transition’s

execution (see 9.6.2(d)). If the to-element is same, then the control state does not change.

If the to-clause is omitted, then the control state does not change.
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7.5.4 From clause
7.54.1 Syntax

from-clause = “from” from-list .

from-list = from-element { ,” from-element } .

from-element = state-identifier | state-set-identifier .

7.5.4.2 Constraints

A (from-clause shall not be used if there is no state-definition-part in the(declaration of the closest-contining
bddy-definition.

NOTES

1 Elements of a from-clause need not be distinct.
2 Ptate-identifiers and state-set-identifiers may be mixed in a from-list.

7.5.4.3 Informal semantics

The from-list in a from-clause specifies those control states from which a transition may be validly executeq (i.e.,
th¢ from-clause is a part of the enabling(Condition; see 9.6.2(c) and 9.6.3).

If ho from-clause is present, it is assumed satisfied; i.e., the transition may be executed regardless of the cpntrol
state.

7.8.5 Provided clause
7.4.5.1 Syntax

provided-clause = “provided” (BOOLEAN-EXPRESSION | “otherwise™) .

7.5.5.2 Constraints

The otherwise case, if present, shall appear only in a well-formed transition-group of the form ct; - - - c,t, (see
the constraints for a well-formed transition-group, 7.5.2.2) as the last clause, c,.

NOTE — Evaluating the BOOLEAN-EXPRESSION, as with all other expressions, has no side effects (see 8.2.5).
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7.5.5.3 Informal semantics

The provided-clause is a part of the enabling condition of transition. It is satisfied if the BOOLEAN-EXPRES-
SION evaluates to true; see 9.6.2(b) and 9.6.3. By the replace function, 7.5.2.4, a well-formed transition-group:

providedp;
rovidedp, t2

rovided otherwise t,
is sempntically equivalent to

provided p;  t;
provided p2

brovided NOT (p; ORp2 OR --- OR pp—1) tn-

If the provided-clause is omitted, it is equivalent to specifying “provideddpue”.

7.5.6 | When clause
7.5.6.1 Syntax

@ N,

when-clause = “when” when-ip-reference ¢."interaction-identifier
[ interaction-argument-list] .

when-ip-reference = interaction-point-identifier [ “[ ip-index { “,” ip-index } “]” ] .
p-index = CONSTANT | VARIABLE-IDENTIFIER .

nteractionsargument-list = “(” interaction-argument-identifier
{ ) interaction-argument-identifier } )" .

7.5.6.2 Constraints

The occurrence of an interaction-identifier in a when-clause shall constitute a defining-point of each interaction-
argument-identifier in the interaction-argument-list associated with the interaction-identifier for the scope-
region associated with the when-clause (see 7.5.2.2 for the definition of scope-region).
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If the interaction point referenced is associated with some role-identifier which in turn is associated with some
channel-identifier, then the interaction-identifier referenced shall be associated with the opposite role-identifier
that is associated with the same channel-identifier.

The interaction-argument-list in a2 when-clause is optional, even if the associated interaction-definition of the
interaction-identifier contains arguments. If the interaction-argument-list is present, it shall consist of exactly
the interaction-argument-identifiers, in the same order, whose defining-point for the associated interaction-

de

7.5

A

of

cl

.6.3 Informal semantics

when-clause is a part of the enabling condition of a transition. It is satisfied if the interaction identified t

y the

raction-identifier is at the head of the queue associated with the interaction point indicated by the when-ip-

in
reirence (see 9.6.2(a) and 9.6.3). The interaction at the head of the queue is dequeued only as part of the exeq

he transition.

se augmented with an interaction-argument-list that satisfies the constraint of 7.5.6.2.

7.8.7 Delay clause
7.4.7.1 Syntax
delay-clause = “delay” “(” (EXPRESSION “2*EXPRESSION
| EXPRESSION “” «*”
| EXPRESSION )
“)” .
7.8.7.2 Constraints

Th

If
Spq
N(

11

e value specified by anfEXPRESSION of a delay-clause shall be of type INTEGER.

h delay-clause iS specified in a transition of a module, then the timescale option of a specification sh
cified.

) TES

Evaluating the expressions in a delay-clause, as with all other expressions, has no side effects (see 8.2.2 and 8.3.5).

ution

If J;e interaction-argument-list is not present, then the when-clause is semartically equivalent to the same when-

hll be

2

7.5.7.3 Interpretation rules

A delay-clause “delay (E1)” is semantically equivalent to “delay (E1, E1)”; see 5.3.4.
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7.5.7.4 Informal semantics

An informal introduction to the treatment of time in the Estelle model is found in 5.3.5.

© ISO/IEC

To understand the meaning of a delay-clause, consider a transition t of a module instance within a system (i.e.,
the instance is a descendant of a system instance within a specification, see 5.3.4) with the clause “delay(E1, E2)”.
Describe t as newly enabled if t becomes enabled (see 9.6.3) in a computation step of the system (called a snapshot
in 5.314) but t was not enabled in the previous step, or if t was executed in the previous step.

Once
be of
Or no

Therg

ered for execution only after E1 consecutive time units of being enabled. Whether it is in fact then execu
depends on other factors (e.g., priority and non-determinism).

newly enabled, if t remains enabled but is not fired in each consecutive computation stepfor E time units, wh
El <= E < E2, then even if t is the one and only enabled transition within a module-instance at that momen
still rhay or may not be executed. Because of the nondeterminism of the semantics 0FEstelle, the decision may

regar
boun

Once
then
mom

The

1, there is no requirement that the transition ever be executed.

newly enabled, if t has been enabled but not fired in each conseetitive computation step for E2 time un
must be offered by the module instance for execution. Of course}.if'there are other enabled transitions at t
ent, then they are all offered for execution.

recise description of which transitions are offered for execution in a given state, with respect to the de

values, is given in 9.6.5. The computation scheme is described in 5.3. Together these ensure that a transition wit

delay

NOTH
comim
“ el

7.5.8

7.5.8

-clause obeys the informal description given abové.

— The construct “delay (a, *)” is syntactically anambiguous. Note, however, that if this were to be embedded i
ent, it would terminate the comment, as “*)” is.an-alternative Pascal comment delimiter. A space between the “*” and
minates this possibility.

Priority clause

1 Syntax

priority-claus€/=" “priority” priority-constant .

prigrity-constant = UNSIGNED-INTEGER | CONSTANT-IDENTIFIER .

newly enabled, t cannot be executed until it remains enabled for at least E1 time units. More precisely, t mjay

ed

is a subtle difference in treatment of t in the time between E1 and E2 time units and after EZ time units. Orjce

bre
[, t
be

Hed as “up to the implementer”. Thus, for E2 = *, which is interpreted to medn that the delay time has no upper

h a
the

7.5.8.2 Constraints

A priority-constant shall be a non-negative integer value.
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7.5.8.3 Informal semantics

A priority-clause serves to order transitions with respect to priority-constants (the lowest non-negative integer
is the highest priority). It is one of the elements taken into account while selecting fireable transitions in a state
(see 9.6.5) from those enabled (see 9.6.3).

If the priority-clause is omitted, the lowest priority is assumed.

7.5.9 Any clause
7.5.9.1 Syntax
any-clause = “any” domain-list “do” .

domain-list = IDENTIFIER-LIST “:” ORDINAL-TYPE
{ " IDENTIFIER-LIST “:” ORDINAL-TYPE } .

7.5.9.2 Constraints

THe occurrence of an IDENTIFIER in an IDENTIFIER-LIST of the domain-list of an any-clause of a transition-
grpup shall constitute its defining-point as a variable-identifier for the scope-region associated with the any-¢lause
(sge 7.5.2.2 for the definition of scope-region).

An IDENTIFIER occurring in an IDENTIFIER-LIST of a domain-list of an any-clause shall not be thredtened
within the scope-region of the any-clause.

A1 ORDINAL-TYPE of a domain-list 0fjan any-clause shall be finite, and its bounds shall be statically kngwn.
7.§.9.3 Informal semantics

A [ransition in which anCany-clause occurs is a shorthand for a set of transitions. This set is described In the
interpretation rules of(7.5:2.4.2.

7.4.10 Initialization part

The initialization-part of a module-body-definition defines all initial states of the EFSM represented by the[mod-
ulg (See 9.6.3).

7.5.10.1 Syntax

initialization-part = { “initialize” transition-group } .
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7.5.10.2 Constraints

Only a to-clause or a provided-clause shall appear in the transition-group of the initialization-part.
Same shall not be used in the to-list of an initialization-part.

See the constraints for a transition-group given in 7.5.2.2.

If therg is a state-definition-part in the declarations of a declaration-part of a body-definition, then the initigl-
izatiop-part of the body-definition shall be non-empty, and each transition-block of the transition-grouap of the
initialization-part shall be in the scope-region of a to-clause (see 7.5.2.2 for the definition of scope-region).

7.5.10.3 Informal semantics

The initialization-part defines a procedure to be executed only once when a moduleGngtance is created (7.6.1).

Only pne transition-block is executed when the module is initialized, even if mote than one is enabled (nondeter-
minism). The semantics for nondeterminism is the same as for transitions.

The t¢-element in the to-clause of an initialization-part specifies the. inifial control state (see 9.6.2(d)).

7.6 |Estelle statements

Modulle instances may be created, released and terminated, and their interaction points may be bound and unboupd
in the|operations described below. These operations may occur in initialization and transition parts.

7.6.1| Module instance creation

The cfeation of and initialization 0fa module is performed with an init-statement.

7.6.1]1 Syntax

init-statémient = “init” module-variable “with” body-identifier
[ “(” actual-module-parameter-list )" ] .

[T

actual-module-parameter-list = actual-module-parameter { “,” actual-module-parameter } .

actual-module-parameter = EXPRESSION .
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7.6.1.2 Constraints

The header-identifier which is the type of the module-variable referenced in an init-statement shall be identical
to the header-identifier in the module-body-definition referenced by the body-identifier in the init-statement.

The actual-module-parameter(s) contained in an init-statement shall be compatible and in corresponding order
with the parameter-list contained in the module-header-definition for the module-variable referenced.

7.6.1.3 Informal semantics

Th
ize

valbes of the elements of the actual-module-parameter-list to the elements the formal/parameter list defin
the| parameter-list contained in the module-header-definition for the module-variable referenced. The m
instance will be in one of the initial states that results from executing a transition from its initialization-part (7

Stﬁle initialization-part is non-empty. If the initialization-part is empty, thien the instance exists in a prejnitial

if
stal

Af]

Th
of
de

If
st
is
(o

1cq

—

7.4

7.4

E the module instance. An init operation assigns a value to the module-variable referenced and assign

e, as defined in 9.4.5.2.
er execution of the init-statement, the module-variable identifies¢hesmodule instance.

. execution of an init-statement includes the execution of a transition from the initialization-part (see 7
a child module whose instance is being created, i.e., the new Instance is created in one of its initial statg
ails, see 9.6.6.1).

n init-statement references a module-variable which already identifies a module instance, a new mody
hee is created and the module-variable referencedis assigned a new value. Access to the former module ing

the same type) by execution of an assignment-statement. However, access to the module instance m
overed by the use of an all-statement-ora forone-statement (see 7.6.9 and 7.6.10.)

5.2 Release and termination-of module instances

p.2.1 Syntax

release-stafemeént = “release” module-variable .

ferminate-statement = “terminate” module-variable .

L execution of an init-statement selects a particular body (body-identifier) for the modulejinstance and ipitial-

s the
ed by
bdule
5.10)

5.10)
s (for

le in-
tance

ost unless the value of the module-variable referenced in an init-statement is saved in another module variable

ay be

7.6.2.2 Constraints

NOTE — A module may release or terminate a child module; it may not release or terminate itself or a sibling module.
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The result of a release-statement is that first, all external interaction points of the module instance identified by the
module-variable which have been attached or connected are detached or disconnected (see 7.6.5 and 7.6.6); and
second, the module instance and all its descendent instances are released and are no longer available. The value of
all module-variables which identified the released instance are undefined, as though they were never initialized.

The Iesu 3 5
the mjodule-variable which have been attached
defing

dent

termipated instance are undefined, as though they were never initialized.

The dnly difference between a release-statement and a terminate-statement is that the externalinteraction poi
module instance identified by the module-variable that have been attached are detachedun a different manrer.
case of a release-statement, the contents of (some of) the queues of the module initiating the statement mjay
anged as a result of the semantics of the detach operation. In the case of the terminate-statement, no qugue

of thd
In thg
be ch

of th
simp

The sequence of statements

is serhantically equivalent to

7.6.3

7.6.3

7.6.3

The two interaction points referenced in a connect-statement shall be declared using identical channel-identifi

and appesite role-identifiers within that channel

a tc Sthrat St amrexXteernartireracta o poHso aGHte &€h ca

or connected are detached (an auxiliary statement, simple-deta

nstances are terminated and are no longer available. The value of all module-variables which identified

module initiating the statement is changed, reflecting the difference between-the detach operation and
e-detach operation.

detach X;
terminate X

release X

Connect operation
1 Syntax

connect-statement = C*¢connect” connect-ip “to” connect-ip .

2 Constraints

by
ch,

d in 9.6.6.2.4, is used) and disconnected (see 7.6.5); and second, the module instance and all jt§Jdesc¢n-

LIS

A connect-statement shall not attempt to connect an interaction point that is currently bound by the module exe-
cuting the connect-statement.

NOTE — Table 2 (see 7.6.7) summarizes valid combinations of references to pairs of interaction points within a connect-
statement.
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7.6.3.3 Informal semantics

After the execution of a connect-statement, the interaction points referenced are bound. Any interactions output
through an interaction point are received at the interaction point to which the former is connected (or its descendant
if that interaction point is attached). It is possible that the external interaction point of a child which is connected
by its parent was previously (or will be) attached by the child itself to an external interaction point of one of its own
children. Interactions received are queued according to the queuing discipline specified for the interaction point of
the receiving module.

An external interaction point of a module instance which is connected cannot be attached, at the’sam¢ time
(s¢e 9.4.5.1 and 9.6.6.3), to an external interaction point of its parent instance (but may be attached to an|inter-
acfion point of its children instances). If a connect-statement is executed by a module instanceitmay conneft:

— two external interaction points of children instances;
— two internal interaction points of itself;

— one of its internal interaction points with an external interaction point ofd child instance.

The details are in 9.6.6.3 and within the well-formedness conditions of & state in 9.4.5.1.

7.6.4 Attach operation
7.6.4.1 Syntax

attach-statement = “attach” external-ip “to™¢hild-external-ip .

7.9.4.2 Constraints
THe channel-identifiers and the\role-identifiers of the interaction points referenced by an attach-statement shall
belidentical.

An attach-statement shallnot attempt to attach an interaction point that is currently bound by the module exe¢uting
th¢ attach-statement:

NQTE — Table 2°(see 7.6.7) summarizes valid combinations of references to pairs of interaction points within an dttach-
stdtement.

7.6.4.3 " Informal semantics

After the execution of an attach-statement, the first interaction point referenced is bound to the second interaction
point. In the constraint above it is important to note that the first interaction point may be currently bound by an
action of the parent of the module executing the attach operation, and the second may be bound by an action of a
child. An interaction point at the end of a sequence of bound interaction points, where one of the bindings must be
from a connect operation, is defined to be a connection endpoint. In 9.5.3, such a sequence is referred to as linked.
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The effect of execution of output statements by a module at a connection endpoint is that the interactions are
appended to the queue of the interaction point bound to the opposite connection endpoint.

When

an attach-statement is executed, interactions present in the queue of the external interaction point of the

module instance issuing the statement are removed from this queue. In case of a common queue, only those in-
teractions that came through this external interaction point are removed. These are appended to the queue of the
external interaction point of the lowest level descendent module instance which is attached, by a sequence of at-

tached
the we|

Note t
modul

7.6.5

7.6.5.1

7.6.5.2

The in

NOTE

7.6.5.3

I-formed conditions of a state in 9.4.5.1.

hat the interactions for two interaction points whose queuing option is individual queue within“a parent
e may be combined into a common queue of a child through attach operations.

Disconnect operation
Syntax

Hisconnect-statement = “disconnect” ( connect-ip | module-variable )/,
Constraints

feraction point referenced by the connect-ip shall be.currently bound by a connect.

— A summary of valid uses of the disconnect-statement is found in Table 2 (see 7.6.7).

Informal semantics

The r

one with which it has been connected are unbound.

The rejsult of a disconnect-statement in the second case is that all the connected external interaction points of the

child
these

NOTE
for a m

ult of a disconnect-statement-in the first case is that the interaction point given by the connect-ip and the

odule instance identified by the module-variable are disconnected. (See 9.6.6.3 for formal definitions pf
perations.)

— When an.intéraction point is disconnected, the interactions queued for it remain in the queue. Therefore it is possibfle
odule to proeess interactions that were queued before the interaction point was disconnected.

7.6.6

Detach-operation

7.6.6.1 Syntax

detach-statement = “detach” (external-ip | child-external-ip | module-variable ) .
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7.6.6.2 Constraints

The module executing the detach-statement shall be the same module that attached the interaction point, i.e., the
parent.

NOTE — A summary of valid uses of the detach-statement is found in Table 2 (see 7.6.7).

7.6/6.3 Informal semantics

Thq first syntactic alternative references an external interaction point of the module executing the detach opergtion,
whéreas the second alternative references an external interaction point of a child. The effects of the operatiop are
identical regardless of which syntactic alternative is used.

Thd result of a detach-statement in the first two syntactic alternatives is that the referenced interaction poinf and
the|one (and only one) to which it has been attached are unbound.

Asdume ip1 is the relevant external interaction point of the module executing the detach-statement; and assumge ip2
is an external interaction point of the lowest level descendant module which is-attached, by a sequence of attached
intgraction points, to ipl. When the detach-statement is executed, certain.of the interactions present in the queue
ass|gned to ip2 are removed from this queue and appended to the queuie assigned to ipl: these are preciselly the
intdractions that were appended to the queue passing through both:ipt and ip2. Thus, interactions initiated|by a
moflule at a lower level in the hierarchy are not moved to the module executing the detach operation.

The¢ result of the detach-statement in the third syntactic alternative is that all the attached, external interaction
points of the child module instance identified by the module-variable are detached. (See 9.6.6.2 for the fgrmal
deffnition.)

7.6.7 Summary of binding operations

Expmples:

Figures 2 and 3 summarize, by éxample, the actions of the connect, attach and detach operations given in the

following sequence of statemefits)contained in modules “W”, “X”, “Y”, and “Z” with interaction point “a” infernal
to fnodule “W” and “b”, “c?, and “d” external interaction points of “X”, “Y”, and “Z” respectively.

Statement Module of Execution
connect'@'to X.b; (* within W *)
attachb’to Y.c; (* within X *)
attach ¢ to Z.d; (* within Y *)

In Figures Z and 3, the modules with access 10 queted IMeractions are {ndicated by tire-word-“quene*

If subsequently a detach operation is executed by module “X” in either of the following forms,

detach b;
detach Y.c;
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W.a queue w
X.b Legend:
X
W YA
Y.c module identifiers
Y a,b,cd-
. interaction point identifiers
Zd
Z nteracti -
queue . interaction poin .
: bound interaction points

Binding of interaction points and access
to queued interactions after connect-and
attach operations.

Figure 2

interaction points “b” and “c” are unbound and the interactions of the queue at “d” that passed through “b” (pot
thosq that entered through “c”) are immediately moved to the end of the queue of module “X” for interaction pqint
“b” 4nd their order is preserved. Subsequent interactions initiated by module “W” are received by module “X” gnd
are appended to its queue. This is the situationvdepicted in Figure 3.

Tablg 2 lists all valid combinations interaction point references (operands) which may appear in the attach, connéct,
detach, and disconnect statements{ The columns labelled first and second operand identify whether the interactjon

poin{is that of a parent or child module. The columns labelled interaction point type indicate whether the interactjon
poin{ is internal or external to{the module executing the operation.

7.6.8 Output statement

7.6.81 /Syntax

output-statement = “output” interaction-reference [ ACTUAL-PARAMETER-LIST] .

interaction-reference = interaction-point-reference “.” interaction-identifier .
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W.a queue W
Xb X Legend:
queue
WX Y4
Y.c K 9 b

module identifiers
Y aa ba C’ d -
interaction point identifiers

Z.d

queue . interact'ion poipt .
: bound interactionypoints

Binding of interaction points and acc€ss to
queued interactions after a detach operation.

Figure 3

7.6.8.2 Constraints

The parameters of the ACTUAL-PARAMETER:LEIST shall be compatible with those of the interaction-defipition.

Almodule which has bound one of its interaction points with an attach-statement shall not subsequently ref¢rence
thg interaction point in an output-statement while the interaction point remains attached.

7.6.8.3 Informal semantics

The result of an output-statement is that the interaction, defined by the interaction-identifier along with its jactual
pdrameters, if any, will'be appended to the queue assigned to the [other] connection endpoint, which is an interaction
pqint linked (see‘9.5.3) to the interaction point referenced by the interaction-reference in the output-statement.

Itjis importantto note that outputs made through an external interaction point may be observed in the target jqueue
orlly after.the whole issuing transition is completed. This is an important assumption concerning the atomigity of
trgnsitions.

See 9.6.6.5,9.5.3, and 9.5.4 for the formal definition of the output-statement.

NOTE — An output statement which is contained in the initialization-part of a module should not reference an external in-
teraction point of the module. If it did, it would result in an interaction’s being discarded because the interaction point cannot
be linked to another interaction point during module initialization. This is because only a parent module may initialize a child
module, and only subsequently may the parent bind the child’s external interaction points.
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Table 2 — Valid Uses of Binding Operators

(1) Any module may connect two of its:own internal interaction points that have complementary roles.

(2) The module referenced by a module-variable.

(3) All external interaction pdints bound by an attach operation at the time when the detach operation
is executed are unboundfor-the module referenced (child). Since the detach operation may not unbind
interaction points bound with a connect operation, separate disconnect operations may be required.

(4) All external intefaction points bound by a connect operation at the time when the disconnect opera-
tion is executed‘are unbound for the module referenced (child). Since the disconnect operation may not
unbind interaction points bound with an attach operation, separate detach operations may be required.

Operation || First Interaction || Second Interaction
Name Operand | Point Type | Operand | Point Type
Attach parent external child external
Connect parent internal child external
Connect child external parent interfial
Connect child external child external
Connect module(1) | internal module(1) |internal
Detach parent external None
Detach child external None

child
Detach module(2) | all(3) None
Disconnect || child external None
Disconnect || parent internal None

child
Disconnect || module(2) | all(4) None

tes for Table 2:
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7.6.9 All statement

The all-statement is a repetitive statement which allows iteration over an ordinal-type or over a set of module

ins

tances.

7.6.9.1 Syntax

7.6

Th
cor

An

7.4

Th|
of
N(

Th

If
Th

all-statement = “all” ( domain-list | module-domain )
“do” STATEMENT .

module-domain = IDENTIFIER “:” header-identifier .

9.2 Constraints

pstitute its defining-point as a variable-identifier for the region that’is'the all-statement.

.9.3 Informal semantics

t bounds of a domain are evaluated once and are.not affected by execution of the STATEMENT within the
the all-statement.

TE — These conditions are similar to the conditions applied to the control variable of a for loop in Pascal.

e result of an all-statement is the execution of the STATEMENT for either:

number of variable-identifiers declared in the domain-list); or

domain.

he domaif.i$ empty, the statement following do is not executed.

e order’of execution is arbitrary.

IN(

L occurrence of an IDENTIFIER in either the domain-list or the module-domain of the an all-statement| shall

ORDINAL-TYPE of a domain-list of an all-statement shall bé\finite, and its bounds shall be statically knpwn.

scope

(a) all vectors of values 6f ordinal type(s) given in the domain-list (the length of these vectors is given by the

(b) all childrendnstances whose header definitions are identified by the header-identifier in the mddule-

TE.— Results mav depend on the order of execution if the statement includes a procedure that has side effects. Thergfore it

is strongly recommended this statement not be used if its result depends on the order.

See 9.6.6.6.3 for the formal definition.

Example: The all-statement and module instances:

The all-statement can be used for referencing module instances in two different ways.
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The domain identified by a header-identifier of a module-domain may contain explicit access to an array of module
instances (a static domain). After evaluating the domain, the do statement is executed for each element of the array.

For example,

modbvar x: array [1 .. n] of module_type;

initialize
to sO
begin
fori:=1tondo
init x[i] with bodyid;
end;
trans
from s0 to sl
begin
alli: 1..ndo
connect x[i] externat ip to — ;
end;
from s1 to sO
begin
alli: 1..ndo
release x[i];
end;

The domain identified by the header-identifier of a module-domain may consist solely of implicit access to [all
le instances in the dynamic domain of modules of some module type. The domain defines a single identifier

mody
iven module type. The do statement is executed for each module instance of that type. For example,

ofag

modvar T: transport;
initialize
to sO
begin
fori:=1 tondo
init T, with body _id;
end;
trans
from sO
to.st
begin
all t: transport do
connect t.external_ip to — ;

end;
from s1
to sO
begin
all t:transport do
release t;

end;
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7.6.10 Forone statement

7.6.10.1 Syntax

forone-statement = “forone” ( domain-list | module-domain )
“suchthat” BOOLEAN-EXPRESSION
“do” STATEMENT

[ “otherwise” STATEMENT] .

7.4.10.2 Constraints

The occurrence of an IDENTIFIER in either the domain-list or the module-domain-5f a forone-statement
copstitute its defining-point as a variable-identifier for the region that is the forone<statement.

ORDINAL-TYPE of a domain-list of a forone-statement shall be finite,“and its bounds shall be stat

knpwn.

IDENTIFIER in the domain-list of a forone-statement shall not have ‘an applied occurrence in the othe

clause of the forone-statement.

7.4.10.3 Interpretation rules

The forone-statement without the otherwise clause is §émantically equivalent to the one with the otherwise d

cor

taining only an EMPTY-STATEMENT.

7.6.10.4 Informal semantics

The bounds of a domain are evaluated once and are not affected by any evaluation of the BOOLEAN-EXP
SION within the scope of the forone-statement.

NQTE — These conditions are{similar to the conditions applied to the control variable of a for loop in Pascal.

If the BOOLEAN-EXPRESSION introduced by suchthat evaluates to true for at least one element of the

eit}

er.

(a) vectors of values of ORDINAL-TYPEC(s) given in the domain-list, or

(b) all children instances whose header definitions are identified by the header-identifier of the mo

ISO/IEC 9074:1997(E)

shall

cally

rwise

lause

RES-

et of

Hule-

domain,

then the STATEMENT introduced by the do keyword is executed for one element of the set of values defined by

(a)

or (b) for which the BOOLEAN-EXPRESSION evaluates to true.

If the BOOLEAN-EXPRESSION introduced by suchthat evaluates to false for all such elements, or if there are
no such elements, then the STATEMENT contained in the otherwise clause, if present, is executed.
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The forone-statement without the otherwise part is semantically equivalent to the one with the otherwise part
containing an EMPTY-STATEMENT.

NOTE — Implicit in the semantics of the forone-statement is a search through a set of values. The order of this search is not
specified, but because evaluating the BOOLEAN-EXPRESSION, as with all other expressions, has no side effects (see 8.2.5.1)
the semantics of the forone-statement does not depend on the order in which the search is carried out.

Whenforone-statements-are-nested—each-otherwise-clause-is-associated h-aforone-statem
same pvay as the else-part is associated with an if-statement in Pascal (see 6.8.3.4 of Annex C).

7.6.11 Exist expression

7.6.11.1 Syntax

exist-one = ‘“exist” ( domain-list | module-domain)
“suchthat” FACTOR .

7.6.11.2 Constraints
The opcurrence of an IDENTIFIER in either the domain-list,or-the module-domain of the an exist-one expression
shall ¢onstitute its defining-point as a variable-identifier for'the region that is the exist-one expression.

An ORDINAL-TYPE of a domain-list of an exist-one expression shall be finite, and its bounds shall be statical
knowh.

—_—

y

7.6.11.3 Informal semantics

An exist-one expression is a boolean expression that is satisfied if there is at least one element in the set of eithex:

(a) vectors of values.of ORDINAL-TYPEC(s) given in the domain-list, or

(b) all children instances whose header definitions are identified by the header-identifier of the module-
domain,

satisfying/the BOOLEAN-EXPRESSION (see 9.6.6.6.1).

7.7 Reserved words
The following reserved words are introduced in the previous grammar rules.
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7.7.1 Syntax

key-words = “activity” | “all” | “any”
| “attach” | “body” | “by”
| “channel” | “common” |  “connect”
| “default” | “delay” | “detach”
| “disconnect” |  “exist” | “export”
[ “external” [ forone —from
| “individual” | “init” | “initialize”
| “ip” |  “module” | “modvar”
| “name” | “otherwise” | “output”
| “primitive” | “priority” | “process”
| “provided” | “pure” | “queue”
| “release” | “same” | “specification”
| “state” | “stateset” | “suchthat®
| “systemactivity” | “systemprocess” | “terminate”
| “timescale” | “trans” |  “when”.

7.712 Constraints

No|IDENTIFIER shall have the same spelling as any key-word.
No|DIRECTIVE shall have the same spelling as any key-word.

8 | Extensions and restrictions to-ISO Pascal

Thls clause summarizes extensions and festrictions to ISO Pascal. Annex C is based on ISO/IEC 7185:199p and
defines the subset of Pascal used by this International Standard, subject to the extensions and restrictions given in
thi§ clause. Changes to the grammarof Pascal appear in this clause and take precedence over nonterminal definjtions

givien in Annex C.

8.1 Simple changes to Pascal syntax

The following modifications to the Pascal grammar given in Annex C are necessary to include Estelle consfructs

defined in clause 7.

In fhe following rules, the construct “— refers to the right hand side of the corresponding definition of the
casemonterminal in ISO Pascal (see Annex C).

ower

8.1.1 Syntax

COMPONENT-VARIABLE = — | exported-variable .
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FACTOR = — | exist-one .
LETTER = — |7
REPETITIVE-STATEMENT = — | all-statement .

RESULT-TYPE = TYPE-IDENTIFIER .

SIMPLE-STATEMENT = — | attach-statement
| connect-statement
| detach-statement
| disconnect-statement
| init-statement
| output-statement
| release-statement
| terminate-statement .

STRING-CHARACTER = any-character-specified-in-ISO/IEC-646 .

NOTH — A STRING-CHARACTER is restricted to-these characters defined in ISO/IEC 646.

STRUCTURED-STATEMENT = —"| forone-statement .

WORD-SYMBOL = = |Key-words .

8.2 | Extensions

8.2.1 —Imtegers and real mumbers

Integer and real numbers are considered to be the integers and the real numbers in a mathematical sense. Implemen-
tation dependent constraints of maximum size and precision of real numbers are not specified in this International
Standard.
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8.2.2 Functions and procedures

Functions may return structured data types; e.g., arrays and records. All function-declarations shall be demonstrably
pure, as defined in 8.2.5.1.

Functions and procedures shall not reference non-Pascal objects (e.g., module variables, interaction points, interac-
tiTTS; OT STATES ) T ACCOTAante Witl the SCOpe TUies eXpressed T CHuse 7 (See T8, 7-3.9°2,7.36.2, 7381, 7.3110.2).
A$ a consequence, the Estelle statements all, forone, and exist within a PROCEDURE-BLOCK or a FUNCTION-
BLOCK shall be used with a domain-list limited to ORDINAL-TYPE. As a further consequencé;/the Estelle
statements init, release, connect, disconnect, attach, detach, and output shall not be used in a)PROCEDJURE-
BLOCK or a FUNCTION-BLOCK.

8.2.3.1 General

In| constructing a formal specification, it may be convenient to permit partial specification in various ways. Es-
telle nrnvndes facilities for this purpose within constant declarations, type declarations and function declaratibng ac

spemﬁedm8232 8.2.3.3, and824

8.2.3.2 Constants

8.2.3.2.1 Syntax

CONSTANT-DEFINITION )= — | IDENTIFIER “=" “any” TYPE-IDENTIFIER .

8.2.3.2.2 Informal semantics

The any eonstruct permits the type of a constant to be defined without attributing a speciﬁc value to it. Wse of
; [ such
ence of

deve]opers and users of support too]s

An Estelle specification containing an occurrence of the any construct is statically checkable for type compatibility
but is not well-formed. Such a specification cannot have meaning attributed to it by application of the semantic
rules in clause 9. Note, however, that once all such constant definitions have been replaced, the formal semantics is
defined for the resultant specification (see clause 9).
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8.2.3.3 Types

8.2.3.3.1 Syntax

TYPE-DEFINITION = — | IDENTIFIER “="*..." .

8.2.3.3|2 Informal semantics

The “.

constryct permits limited type checking of specification texts before the precise definitions of such’type-identifie
are kndwn or can be supplied. No assumptions can be made about the types of variables whose¢'déclarations includ
type-identifiers associated with the “...” construct and such variables shall not appear in syntactic contexts wherg
type cqmpatibility rules do not permit the occurrence of a variable of arbitrary type.

An Esttlle specification containing an occurrence of the “...” construct is statically checkable subject to the lim

tations

not well-formed and cannot have meaning attributed to it by application of the semantic rules in clause 9. Notg

howev

resultaht specification (see clause 9). Note futher that simple assumptipns may be made about variables declare
to be df type “...”. For instance, two variables declared to be the same type may be compared, even if that type

3 ’

8.24

The directives forward, external, and primitive’shall be required directives. No directive shall have the sanje
spellinig as any WORD-SYMBOL.

8.24.1

NOTE
separatj

.” construct permits a type-identifier to be declared without attributing a specific type to(it,* Use of th:r
S

(4]

imposed by making no assumptions about the types of relevant variables. However, such a specification

w

br, that once all type definitions of the form “...” have been replaced, the formal semantics is defined for th

7=

Directives

Syntax

Hirective = letter {letter | digit } .

__ Directives \are intended for use by processors of Estelle and permit partial specifications to be written that can be
ely evolved and independently combined.

8.2.4..

When

—Constraint
- 11ILS

an identifier has a defining-point as a procedure-identifier or function-identifier for region A, and the

procedure-heading or function-heading closest-containing the identifier does not contain the directive primitive,
and there is a region B enclosed by A which is a body-definition, then region B and all regions enclosed by B shall

be exc
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8.2.4.3 Informal semantics

The directive primitive is used to indicate that the block of a function or procedure is not given in the specification
text and may in general be available only at the time of activation. This is in contrast to the directive external, which
indicates that the block is given in another source and may be included from that source prior to activation.

2.5 Pure procedures and functions

£2.5.1 Demonstrably pure

ll-formed, but meaning may be attributed to it only

igorous, implementation independent (e.g., mathematical) definition of the relevant block is suppliéd by the
cifier.

¢ block of a procedure or function may be specified in a separate description, in which case jfNg designdted by

type shall be designated as pointer-containing (cf. 7.3.4.2) if\it is a pointer-type or it is a structurefl-type
ssessing a component-type that is pointer-containing.

declaration of a procedure or function shall be designated as demonstrably pure if and only if the following
nditions are satisfied:

(a) if it is a declaration of a function, then'it does not contain a variable-parameter-specification;

(b) it does not contain a value-parameter-specification that contains a type-identifier denoting a pointer-
containing type;

(c) its procedure-blockorfunction-block does not contain any statement threatening a variable whosg scope
includes a region notincluded within the region of that block;

(d) its procedare=block or function-block does not contain any applied occurrence of either a fupction-
identifier ora procedure-identifier whose declaration is not demonstrably pure;

(e) nofunction-designator or procedure-statement closest-containing an applied occurrence of its function-
identfifier or procedure-identifier for which the corresponding declaration is not demonstrably pure.

(f) its procedure-block or function-block does not contain a variable whose scope includes a regjon not

included within the region of that block and whose type is pointer-containing.

Every function-declaration shall be demonstrably pure.

Remark: The intention of the preceding clause is to prohibit side effects arising from the evaluation of functions. It
states strong, sufficient conditions to ensure this.
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8.2.5.2 Syntax
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PROCEDURE-HEADING = — | “pure” “procedure” IDENTIFIER [FORMAL-PARAMETER-LIST] .

PROCEDURE-IDENTIFICATION = — | “pure” “procedure” PROCEDURE-IDENTIFIER .

8.2.5.3 Constraints

Procedures whose procedure-declaration contains the reserved word pure shall be demonstrably pure, except fpr
assignnent to var parameters. In particular, only a local variable or a variable declared as var parameter in the
headirlg, may be assigned values, either directly, or indirectly via a function or procedure.

If a procedure-heading contains the keyword pure, then the corresponding procedure-identification shall algo
contaip the keyword pure.

8.2.5.4 Informal semantics

Table |3 summarizes the constraints regarding the combined usecof functions and procedures with the pure and

nonpure attributes.

Table 3 — Use of Pure and Non-Pure Attributes

Cross references between Procedures or Functions
with pure/nonpure attributes
Defining-Point [\Makes Reference to Allowed
nonpure nonpure yes
nonpure pure yes
pure pure yes
pure nonpure no
NOTE|— only the last two-entries apply to functions.
8.2.6 | Expression
Modulle variables may be compared to other module variables.
8.2.6.1 Syntax
EXPRESSION = — | module-variable RELATIONAL-OPERATOR module-variable .
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8.2.6.2 Constraints

The relational operators used in an EXPRESSION referencing a module-variable shall be either equality (“=") or
inequality (“<>").

Both module-variables shall be declared with the same header-identifier.

8.2.6.3 Informal semantics

If the two module variables are defined and refer to the same module instance, then they are equal;otherwisg they
ar¢ not equal.

8.2.7 Assignment operation

Mpdule variables may be referenced in an assignment statement.

8.2.7.1 Syntax

ASSIGNMENT-STATEMENT = — | module-variable <" module-variable .

8.2.7.2 Constraints

THe module-variables of an ASSIGNMENT-STATEMENT shall both be declared with the same header-idlenti-
fidr.

8.2.7.3 Informal semantics

THe value attributed to the/module-variable on the left-hand-side of the assignment statement is set to the|value
atfributed to the modulefvariable on the right-hand-side of the assignment statement.

8.3 Restrictions

THere are;several restrictions to ISO Pascal [ISO/IEC 7185:1990] for the purposes of this International Standard.
The xequired changes to effect these restrictions have been made to Annex C, which is a part of this International
Standard. To aid the reader, these changes are outlined here, but the remainder of clanse 8 3 shall be regardel as a

NOTE.

Briefly the changes are these:

— All level 1 conformance requirements are excluded. In particular, use of conformant arrays in Estelle
specifications is excluded.
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— Use of label and goto statements are restricted in Estelle specifications.

— No use of program statements, read or write statements, or file types is permitted.

8.3.1

The sp
related
as definjed in 3.3.

8.3.2

The required procedures of Pascal get, put, read, readln, write, writeln, eof, and eoln may_not be used in Estell
specifigations.

Refere
have bé¢en removed from Annex C.

Refere

8.3.3

Label

ment i
permit

NOTE
points

8.34

The P

cluded

8.3.5

NOTE

1 goto statements shall only branch ferward to the final end statement of a procedure or function, therebly

Errors

cification of error handling by ; s . : ) ,
tatements in the Pascal Standard and their summary in Appendix D are excluded. The term “error” ig-used

|[File manipulation

™

ices to read-parameter-list, readln-parameter-list, write-parameter-list,.and writeln-parameter-liqt

\ces to file-type and the predefined type text have been removed fronf Annex C.

Label declarations and goto statements

leclarations are restricted to functions and procedures. Labels may be associated only with (an empty statg
mmediately before) the end of a procedure or function (see Annex C, 6.8.1). Goto statements, althoug
ed in Estelle specifications, are limited by the follewing restrictions:

=3

[ goto statements shall be used only in precedures and functions, and

ausing the flow of execution to return to the place where the procedure or function was referenced.

| With these restrictions, all gétojs effectively act as “return” statements found in other languages. See Annex C, 6.8.2.¢4
c) and (d).

Program statement

iscal nontérminals program, program-block, program-heading, and program-parameters have been ex-
fromthe. grammar in Annex C.

Expressions and functions

— As noted in 8.2.2, all Estelle functions must be demonstrably pure. Demonstrably pure functions have no side effects,

thus the value of an expression does not depend on the order in which its components are evaluated. Similarly, the values of
expressions in a list of index-expressions or actual parameters do not depend on the order in which the elements of the list are
evaluated.
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All operators in expressions shall denote the corresponding mathematical operators naturally extended so that they
yield undefined results if any of their operands does not denote a defined value at the time of its use.

9

Th
of
mo

—Sermmantics of Estelleconstructs

general model of the behavior of an Estelle specification given in clause 5 assumes that the semantie desc
 single module instance is known. This clause details the semantics of the constructs that characterize a
Hule instance. Thus this clause complements clause 5. In particular the following concepts are defined: enpbled

ription
I)ngle

tramsition, fireable transition, global instantaneous description, and the extension of a transition’local interprefation

on
cla

Th

N(

e following general assumptions are made:

the set of global instantaneous descriptions. These are necessary to understand properly the formal pafts of
ise 5 (e.g., 5.3).

— All specifications are assumed correct with respect to the context frée grammar and the context senpitive

constraints given in clause 7. This means that erroneous specifi¢ations are not considered. Note that| such

erroneous specifications may be discovered statically.

— The denotation of an Estelle specification shall be definéd by the mathematical constructions of this dlause
and 5.3. The formal existence of such a denotation shall’be dependent upon the existence of denotatidns of
Pascal constructs used in such a specification, provided that such denotations specify corresponding partial

functions assumed in this clause to be meanings of Pascal language constructs.

— An Estelle specification may be parameterized in some ways. One way is by introducing the constryict of
any constant of certain type (see 8.2.3,2). " Another way is by using the “..." type construct (see 8.2.3.3).
In these cases a given text actually defines a collection of specifications, each one identified by part{cular
values substituted for the parametérs;*Similarly, some procedures or modules may be declared as extgrnal;
i.e., their definition exists elsewhere (see 7.3.7). However they are considered as known or presenj in a
given specification at the moment of describing the semantics; i.e., the external construct constitutes 4 pure
inclusion mechanism of theJanguage. To summarize this point, parameters of the form described above and
external modules and-procedures are treated as a convenient way of writing a collection of specificafions.

The semantics defified-here are only for complete specifications, where each parameter has a concrete
assigned to it and.¢ach external object is available.

value

— All specifications are assumed interpreted by the interpretation rules of clause 7. This means, for example,
that the semantics deals only with simple transitions; thus, for example, each any clause and each proyided

otherwise clause has already been interpreted.

tational conventions used are either self-explanatory mixtures of mathematical and programming notations

explaihed when introduced. For a summary of conventionsused, see 6.2

or are

9.1 General scheme of definitions

To define the semantics of a module, each instance of the module must be characterized. The following is the general
scheme of this definition:
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9.2

Every

(a) All definitions are based on some primitives (9.2). A module’s semantics is defined with respect to the
notion of an external context environment (9.3). The latter consists, roughly speaking, of global information
which is available when an instance of a module is being defined, i.e., an inherited type, constant and channel
definitions, and primitive functions and procedures.

(b) For each module-header M and for each module-body-definition B for the header M declared within an
external context E, given by the embodying bodies of a specification, all necessary elements characterizing

fhe module instance (of M and B if The environment &) asmtjmmm_

All different instances having the same characteristics (i.e., being interpretations of the same module(header
M, the same body B, and in the same external context environment E, but based on distinct sets of interaction
points, queues, and locations — see 9.2) are denoted INST(M, B, E), the set of instances of M{and B in the
environment E.

It must to be stressed that the definition of a module instance of the class INST (M, B, E).is recursive in tha} it

depends on the definition of classes of instances of modules defined internally in the body B. Due to Estellg’s
scope rules, the depth of this recursion is always finite; thus, there is no circularity. of\definitions.

(c) Assuming that INST(M, B, E) is defined for each body B declared for the nr6dule header M, then the class
INST(M, E) is defined as:

INST(M, E) = _JINST(M, B, E)
B

This is the class of all M-instances that may result from different bodies for M within the same context|E.
This class is used to describe the value domains for module’variables and to impose restrictions on the cliss
of possible children instances of a module instance.

(d) The body of an Estelle specification (7.2) defines“the class
INST(header-identifier, specification-identifier, ST)

for an “artificial” (nonexisting) module header named by a header-identifier with no parameters, no interfic-
tion points, and no exported variables;-and with a standard external context environment, ST, in which only
information on the Pascal basic.notions are provided, e.g., the keyword INTEGER denotes the type domji
being integers, etc. (see 9.3).

—

n

Primitives and erganization of the clause
module instance.i$ characterized (see 5.1) by:

(a) a setof'states

(b)'a subset of initial states

(C) a4 ONne-10-1dany next-.stale]unuian

The above notions are defined using the following primitives:
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— an infinite primitive set of locations, which may be viewed as a reservoir of abstract memory units in
which arbitrary values may be stored.
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Queues

— an infinite primitive set of queues of a similar nature to Locations, to store finite but unbounded lists

of interactions (messages).

Values
— the set of possible Pascal values that may be assumed by Pascal variables.

L — the “undefined” element which is assumed to be different from any other value in the set Values.

I

—

Td

In

W

in

TH
i

a5

F:

TH

th¢ body B (the set of these transitions will be denoted by Tr(B)) as a partial, one-to-many function in Sp
and 9.5.2, with interpretations efparticular Estelle statements in 9.6.6). Then a mechanism of choosing one of

trg

TH

9.8 External context environment and channel definition

Af

is assumed below that the usual functions head, tail, and append on lists (or contents of queues) are’knov
thht nil denotes the empty list (see 6.2 for their definitions).

1ds— —the set o1 possible Pascal 1dentifiers (syntactic class).

— P has its own (possibly infinite) set of locations Locp, a subset of the set Logations, and allocation fun
are defined on this set for the module variables (9.4.4).

— P has its own finite set of interaction points IPp with a queue assigned-to each of them (9.4.3). The
queues of P is denoted Q_IPp. Like Locp, Q_IPp is not shared with éther instances.

other words, for any two different module instances P1 and P2,
Locp; N Locp; = 0, QIPp; N Q_IPp; = 0, and IPp; N IRp/= 0.

th these notations and assumptions the set of states Sp of a module instance P € INST(M, B, E) is charact|
9.4.

e set of initial states is defined in 9.6.3; and“each initial state is the result of “executing” a transition
tialization part of the body B (the set of these transitions will be denoted ITr(B)) from the, so called, pre
te of Sp (9.4.5.2)

e next-state function of a module\instance P is defined by interpreting each transition of the transition-y]

nsitions to execute at a.given moment and state is defined (9.6.2,9.6.3 and 9.6.5).

e effect of the exectition of the transition in the context of other instances is described in 9.5.3,9.5.4 and 5.

external context environment, E, consists of four functions:

n and

give a characterization of an instance P of an Estelle module, in terms of (a), (b) and (c) abdve, the followipg are
the starting assumptions:

ctions

set of

erized

bf the
initial

art of
95.1
those

E = (E.C,E.T,E.Ch, E.PF),

where

E.C : Constant-ids — Const-values
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E.T : Type-ids — Type-domains
E.Ch : Channel-ids — (Role-ids — (Interaction-ids - POWER(Interactions)))
E.PF : Procedure-function-ids — (Values™ — Values"),m=0,1,...,n=1,2,...,

m and n denote the number of arguments passed (m) and the number of values returned (n).

Where it is clear from context, we sometimes omit the word “external”.

NOTES{

1 All domains of the above functions such as Constant-ids, Type-ids, etc., are finite, disjoint subsets of identifiers. Therefofe
all four| functions correspond to mappings (i.e., partial functions of finite domains) on the set of identifiers as definied.by Estelfle

suntayx

Syiian.] 2 al e I1CS Nave DCCIl CIIOSCI 101 LIIC 1CC

2 Congt-values are values of constants of Pascal as defined in Annex C. The Type-domains are value domains of types of Pascal
as defirjed in Annex C.

3 Iden

Their meaning (in a sense of a Pascal program) shall be known when the semantics of an Estelle.specification is defined. Noge

el st o w3 a s Baee bk les caicaan dland S asittlaniit ol da Affabe anAd that 8 sl thaty asma memcanéa LD R
tnat tngy are aiso assumed to D€ aemonsirapiy pure, inat is, witnout siae €1iects, and tnat IS\wily ncy are preseniea apove ps

operati

derived.

The fdllowing context environment is called standard:

where

There

meansLthat expressions suchyas:

The mnemonics have been chosen for the identifier categories to differentiate these functions rlpnrly,

ifiers in the domain of the function E.PF are those of required functions and procedures of Paseal as defined in Annex (.

ng on values rather than states. Obviously, for pure procedure calls, the corresponding state transformation is trivially

KT = (ST.C, ST.T, ST.Ch, ST.PF),

a) dom(ST.C) = dom(ST.Ch) = 0.

b) dom(ST.T) = {“integer”,“boolean”,“teal”,"char’’}, and ST.T defines the type domains of these identifiefs
n the usual, obvious way, in accordance with the requirements of Annex C, 6.4.2.2.

c¢) dom(ST.PF) comprises precisely'all identifiers of required functions, and ST.PF assigns to them the meap-
ngs required in Annex C.

is a natural extension 6fE-T to E.T' defined on “type expressions” built of type identifiers in dom(E.T). Thiis

rray[1..n] of Tfor T € dom(E.T),

and
record
al : T1,
a2: T2,
an: Tn
end
for T1,...,Tn € dom(E.T), etc., also have known interpretations.

Remark: We sometimes abuse notation and use E.T to represent the extension E.T".
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For convenience, a context environment E is also often treated as a function defined over the domain:
dom(E) = dom(E.C) U dom(E.T) U dom(E.Ch) U dom(E.PF)

with values defined by:

( ECx) ifxe domEC)
Ex) = E.T(x) ifx € dom(E.T)
etc. cee

9.3l1 Interactions

The set of interactions is defined by:

Interactions = Ids x Values®, k=0, 1,..., where Ids x Values® = Ids ;
i.ef any interaction is a sequence of values preceded by an identifier oramidentifier itself. The definition of corcrete

sulfsets of interactions within a channel definition is the subject of 9:3.2.

Fof any interaction (m, vy, ..., vi) define:

int-id({m, vy, ..., vg)) = m.

9.3.2 Channel definition interpretation

In piew of the above definition of a context environment, the meanings of the E.C, E.T, andE.PF mappings derive
from the semantics of Pascal.

E.Ch defines the channels; i.e.,for-each channel identifier, given a role identifier and a interaction identifier, a et of
intpractions is assigned.

GiVen a channel definition-of the general form (see 7.3.4)

channel HR15R2);
by-RI: ml(...); m2(...); ...; mi(...);
by'\R2 : nl(...); n2(...); ...; nj(...);
by R1, R2 : 01(...); 02(...); ...; ok(...);

where each ()" denotes @ parameter dectaration part; possibty empty; and-assumimg that Histrthedonmaimof the
mapping E.Ch (i.e., H € dom(E.Ch)), the following conditions must be satisfied:

(a) E.Ch(H)(x) is defined iff x € {R1, R2}
(b) E.Ch(H)(R1)(y) is defined iff y € {m1,...,mi} U {ol,..., ok}
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9.4

(c) E.Ch(H)(R2)(y) is defined iff y € {n1,...,nj} U {ol,..., 0k}
d) if E.Ch(H)(x)(y) is defined and y € Ids, then E.Ch(H)(x)(y) = {y}

u

(e) if E.Ch(H)(x)(m) is defined and m(p!,...,pL; : T1,...,p},..., P} : T$)
is the interaction definition within the channel H definition, then

T1,T2,...,Ts € dom(E.T), and

E.Ch(H)(x)(m) = {m} x E-T(TDX x ... x E.T(Ts)*(ki > 1,s > 1).

Module instances

Suppgse the following two definitions occur within a body of a module:

This ¢

(a) moduile M .. . end;

(b) body B for M; ... end;

P of the class INST(M, B, E), where E is an external context environment.

94.1

Each
Thesg

Identifier categories of a module instance

categories (a) — (m) are pairwise disjoint, ands-obviously, some of them may be empty:
(a) Constant-identifiers of B (C-idp) is the-finite set of new constant identifiers introduced within the decla
tion part of B (“new” means that they\odcur on the left-hand-side of a constant definition).

(b) Type-identifiers of B (T-idg)is the finite set of new type identifiers introduced within the declaration p
of B.

(c) Channel-identifiers df B (Ch-idg) is the finite set of new channel identifiers introduced within the declaj
tion part of B.

(d) Procedure-function-identifiers of B (PF-idg) is the finite set of procedure and function identifiers int
duced within-the declaration part of B.

(e) Module<identifiers of B (M-idg) is the finite set of module header identifiers introduced within the dec
ratien\part of B.

lause is devoted to defining all notions leading to the description of-the/set of states (see 9.4.5) of an instanjce

pair of definitions, 9.4(a) and 9.4(b), introduces important categories of identifiers, which are listed beldw.

Fa-

art

Fa-

a-

70

declaration part of B.

(f¥Module-body-identifiers of B (B-idg) is the finite set of module body identifiers introduced within the

(g) Variable-identifiers of B (V-idp) is the finite set of variable identifiers introduced within the declaration
part of B. The special identifier STATE is assumed to be in the set if a state-definition-part is present in B. All
module variables are declared separately from Pascal variables. Therefore MV-idg denotes module variable

identifiers. For technical reasons it is assumed that MV-idp is a subset of V-idp.
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(h) State-identifiers of B (S-idg) is the finite set of state identifiers introduced within the state-definition part

of B.

(i) State-set-identifiers of B (Ss-idg) is the finite set of state set identifiers introduced within the state-set-

definition-part of B.

(§) Intern-ip-identifiers of B (lip-idg) is the finite set of the internal interaction point identifiers introduced

within the declaration part of B.

(k) Extern-ip-identifiers of M (Eip-idy) is the finite set of the external interaction points declared in the 'nf
header M definition.

(1) Export-variable-identifiers of M (EV-idy) is the finite set of the exported variable ideritifiers declq
the module header M definition. .

(m) Parameter-identifiers of M (P-idy) is the finite set of the parameter identifiers_declared in the m
header M definition.

O1je may also distinguish, for each transition t within the initialization or trapsitien part of B, the following
cafegories, not necessarily disjoint with the above (a) — (m) categories:

(a.1) Constant-identifiers of t in B (C-idg ) is the finite set of constant identifiers introduced locally with
transition t block definition.

tion t block definition.
introduced within the transition t block declarations.

transition t block definition (notice thatthese may be only Pascal variables).

(m.1) Interaction-param-identifiers-of t in B (P-idg ) is the finite set of the interaction parameter iden

Alrnof these categories may bé recognized statically, and thus it is assumed that they are known at the mome
semantics is being defined.

odule

red in

odule

local

in the

(b.1) Type-identifiers of t in B (T-idg ) is the finite set of type identifiers introduced locally within the fransi-
(d.1) Procedure-function-identifiers of t in B (PE:1dg ) is the finite set of procedure and function idenftifiers

(g.1) Variable-identifiers of t in B (V-idp ()\is'the finite set of variable identifiers introduced locally within the

tifiers

occurring within the transitiontt, (These are parameters introduced by an interaction within a when clayse).

nt the

Ré¢mark: A finite grodp of interaction points or module variables may be introduced by an array construct. In that

cape the group identifier indexed by the element(s) of the index type(s) is a separate interaction point identifier
in [the set Eip-idpUTip-idg or a module variable in the set MV-idg. The group identifier itself is not a mem
this set. E.g.¢if

X '‘array[1..3] of H(R) individual queue

either
ber of

is a declaration within a module header M, then x[1], x[2], and x[3] are in Eip-idy, but x is not in this set. If

X :array[1..2;1..2] of M

is a declaration within a module-variable-declaration-part, then X[1,1], X[1,2], X[2,1], and X[2,2] are in MV-idg,

but X is not in this set.
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9.4.2

Internal extensions of context environment and recursive assumptions

The definitions (declarations) within a body B which introduce the identifier categories (a), (b) and (c) specify a

local
descr

context environment in the sense of assigning values to newly introduced identifiers of specific categories as
ibed in 9.3. The same also concerns local definitions within each transition t within a body B, except that

channels cannot be defined there. These local context environments are denoted, respectively:

EB and EB T

These new contexts are necessary to define and properly to use the set of states of a module instance jnnthe clgss
INST(M, B, E). It is necessary to assume that instance classes for module definitions textually nestedwithin the d¢f-

initio

1 of module B are already defined (recursion). These definitions are formulated in a new cortext environmé¢nt

that if a combination of E and Eg, denoted E[Eg]. The two environments are combined using the eovering operafor

of tw

functions defined in 6.2.

The sjmple meaning of the above combined context E[Eg] is that, if a constant (type, channel, primitive procedure,

(i.e.,

unionof disjoint mappings.

Now,

94.3

or priI:itive function) identifier is redefined locally then this local definition has precedence. If there are no confli¢ts

e domains of these functions are disjoint), then E[Eg] is a simple extension.of E with definitions of Eg, the

for identifier M1 € M-idp it is assumed that the class INST(M1, E[Eg]) is already defined.

Interaction points of a module instance and related notions

interral (IIPp) interaction points (i.e., IPp = EIPp UJIPp). For an instance P in INST(M,B,E), these sets are

deter

To di

interaction points of each instance are represented by the identifiers themselves indexed by the instance name; ile.,

The It of interaction points IPp of a module instance P is~composed of two disjoint sets of external (EIPp) and

ined by Eip-idy and lip-idg sets of identifiers (See 9.4.1).

stinguish interaction points of each instance, we establish the following convention: it is assumed that the

if ip ¢ Eip-idy U Iip-idg then ipp € IPp. (See also the Remark on arrays of interaction points in 9.4.1). This index

is omjtted if it is clear from the context;

Each

Thus

and

72

interaction point ip € IPp is(characterized by three elements:

(a) sendp(ip) and

(b) receivep(ip).are both subsets of Interactions (9.3.1) that define respectively the set of interactions that[an
instance can.send and receive through the interaction point ip.

(c) queuep(ip) € Queues is a queue assigned to the interaction point ip in the set of queues of the instance P.

we may talk of three functions

sendp, receivep : IPp — POWER (Interactions)

queuep : IPp — Queues
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determined by the interaction point declarations of the form

(a) ip: H(R) individual queue

or

(b) ip: H(R) common queue

ThE first two mappings are defined as follows:

sendp(ip) = |_J E.Ch(H)(R)(x)

receivep(ip) = U E.Ch(H)(opposite(R))(x)

for all x for which E.Ch(H)(R)(x) and, respectively, E.Ch(H)(opposite(R))(x) are defined (see the definition pf the
E.Ch mapping, 9.3.1). If the channel H was introduced by the definition ‘‘channel H(R1,R2)", then opposite(R1) =
R2 and opposite(R2) = R1.

THe queue, mapping is one particular mapping from the class satisfying the following conditions:

(a) For every ip1,ip2 € IPp if both ip1 and ip2 are declared by (b) above, then
queuep(ipl) = queuep(ip2);

i.e., they have common queue in P.

(b) For every ip € IPp declared by (a).above, there is no ip’ € IPp such that
ip' # ip and queuep(ip’)= ‘queuep(ip);

i.e., ip has an individualqueue in P.

QlIPp will denote the set-of queues of P; i.e., Q_IPp = queuep(IPp), the range of the function queuep.

The notions of the/input environment and output of a module instance are derived from the above definitions
in|9.4.3.1 and 9.43:2 below.

9.4.3.1 \Imput environment of P

Thefunction
iep : Q_IPp — (IPp x IPp x Interactions)*

is called the input environment of P. (A* denotes the set of all finite sequences, including the empty sequence, of
elements of the set A; see 6.2).
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We shall use a shorthand iep(q) to denote iep(queuep(q)), the contents of the queue associated with the interaction

point

q in the input environment iep.

NOTE — Contents of queues are sequences of interactions labelled by a pair of interaction points. The first serves to distinguish
(in the case of a common queue) the interaction points of P itself, and the second identifies the entry point of an interaction into
a hierarchy of module instances. The entry point is the interaction point at the highest level in the hierarchy of module instances
which is attached to the first when the interaction is sent. These labels are needed for a proper definition of Estelle primitive

state

Let (g1,rl,ml),..

(caa-O 6 60
\Ci oy o

., (pk, rk, mk) be the contents of a queue Q of the module instance P in some input envirohme¢nt

iep. We say that the sequence is proper iff foreachi=1,...,k, pi € IPp, and mi € receivep(pi) and queuep(pi) = Q.
The ipput environment iep is proper iff iep(p) is proper, for every p € IPp.
NOTH — The above property simply states that interactions in a queue can be only those which may be received throygh
interagtion points that the queue is associated with.
For an element (p1,p2, m, vy, ..., vk) of a queue, the function interac is defined by

interac({p1, p2,m, vi,...,Vk)) = (m, vi,..., V).
9.4.32 Outputs of P
The spquence of labelled interactions

1.ml,...,pk.mk
(the sequence may also be nil) such that, for every i = 13%.. ., k, pi € EIPp and mi € sendp(pi), is called an extergal
output of P.

The set of external outputs of P is denoted Outp,

NOTH

9.4.4

Each
queug

Reca
ident

NOTH
locati

— Outputs are sequences of interactions Jabelled by the external interaction points through which they go out.

Locations, variable allocations and variable visibility within a module instance
module instance P has.its own set of locations Locp. This is, among other things, like interaction points 4
s, one of the characteristics that differentiate module instances of the same or distinct classes.

| that the when-clause opens a new scope such that identifiers of parameters of interactions (P-idg ;) may mj
fiers declared in an outer scope.

— Allgcation functions denoted by alloc with appropriate subscripts are introduced to define mappings of identifiers i

hto

ns-(Locp) and other functions denoted by vis with appropriate subscripts are introduced to define the scope of identifj

crs

(visib

of individual identifiers when there are duplicates.

If P € INST(M, B, E) then the following functions are called allocations:

74

allocg : EV-idM U P-idy U V-idg — Locp

lity) 1n a given context. The covering operator (see 6.2, t[g]), in combination with the functions above, resolves the scope
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allocp; : P-idg — Locp, for every t € Tr(B)
allocy; : V-idg« — Locp, forevery t € Tr(B) U ITr(B)

(where Tr(B) denotes transitions of the transition part of B; and ITr(B), those of the initialization part of B),

where they satisfy the following conditions:

(a) all allocation functions are one-to-one

(b) the ranges of these functions are pairwise disjoint.
NOTE — (a) and (b) explain that for each occurrence of an identifier in the appropriate sets, exactly on¢ lo€ation is agsigned
based on the allocations.

THe set VISp of visibility mappings contains mappings, defined on finite sets of identifiers, which make it poss|ble to
digtinguish the context in which a variable identifier has been used. Three particularly useful categories of visjbility
mgppings are defined as follows:

visg = allocg

visp, = allocg[allocp] = visg[allocp]

visy; = allocg[allocpi[allocy,]] = visp[allocy,]
(Sge 6.2 for the definition of f[g] for any two functions.)
Example:

Lett t be a single transition in a module body B with
x1,x2,x3 € dom(allocg), and

x1,x2, x4 € dom(allocp,), and
x2, x5 € dom(allocyy).

The allocation and visibility functions are given in Figure 4. By the definitions above:

dom(visg) = dom(atloeg) = {x1,x2, x3}
dom(visp,) = dom(visg) U dom(allocp,) = {x1,x2,x3,x4}
dom(visyy),= dem(visp) U dom(allocyy) = {x1, x2, x3, x4, x5}

9.4.5)States of a module instance

For every instance P € INST(M, B, E), a state sp € Sp is a tuple:
s = (s.ie, s.Loc, s.children, s.Att, s.Conn, s.out)

where
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allocB
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The index P is omitted if it does not lead to an ambiguity.

NQTES

1

vaj

2

oW

3

stage s.

4
ex

5

ing

If
If
If

A

4.5.1 Well-formedness conditions for a state

(a) s.ie is an input environment of P (see 9.4.3.1), and

(b) s.Loc : Locp — Values U ( U INST(X, E[Eg]))
XeM-idg

(c) s.children is a finite set of pairs (R, sg), where R € U INST(X, E[Eg]), and sg € Sg
XEM-idp

(d) s.Att C EIPp x |_JEIPg, for(R, sg) € s.children
R

(e) s.Conn C IIPp x ITPpU (IIPp x | JEIPR)U (| JEIPr x IIPp)U (| JEIP x | JEIPR),
R R R R
for (R, sg) € s.children

(f) s.out € Outp — an output in the state.

ious constraints given below and dependent on the class of instances that P belongs to.

.children is intended to represent the current set of children insfances of P, in the state s, where each child instance i
n state.

.Att is a binary relation between external interaction points-of P and external interaction points of its children instances

lude outputs as they are generated (5€€.9.5.4).

pl,p2) € s.Att, then we say_that both p1 and p2 are attached (to each other) in the state s.
pl,p2) € s.Conn, thefwe say that both p1 and p2 are connected (to each other) in the state s.

p1 occurs in s.Atters.Conn, then pl is bound in s.

state § is said to be well-formed if and only if each of the following conditions is satisfied:

(a) s.ie is a proper input environment as defined in 9.4.3.1.

(b) if e € EV-idy and is declared to have a type T in the module header definition of M, then

s.Loc(allocg(e)) € E(T)U {L};

ISO/IEC 9074:1997(E)

ocations of P may be considered as abstract “memory units” of P in which\arbitrary values as well as “references” to chiildren
inTances may be stored. The mapping s.Loc gives the current contents of this memory in the state s. The contents are subject to

in its
in the
k. Conn is a binary relation relating either two dnternal interaction points of P, or an internal interaction point of P gnd an

ernal interaction point of a child instance of P,'of two external interaction points of children instances of P in the state .

Fach s.out component represents an output'generated when a transition is executed; s.out grows during a transition fron nil to

77


https://standardsiso.com/api/?name=fcb588ffaf36bd33b75378d7b4115f2d

ISO/IEC 9074:1997(E)

NOT

(c) if p € P-idy and is declared to have a type T in the module header definition of M, then
s.Loc(allocg(p)) € E(T)U {L};

(d)if x € V-idg and is a Pascal variable declared to have type T within the declaration part of the body
then

© ISO/IEC

B,

s.Loc(altocs(X)) € BB TTU{L}-

Remark: Note the difference of environment with respect to previous definitions.

(e) If x € MV-idp and is declared to have a type M1 € M-idg, then
s.Loc(allocg(x)) € INST(M1,E[Eg) U {L};

(f) if x = STATE and the set of state identifiers (see 7.3.10) is declared to be (id;, ..}, 1d,) then
s.Loc(allocg(x)) € {idy,...,idp};

(g) if x € V-idg ; and is declared to have type T, within the declarationirternal to transition t, then
s.Loc(allocyi(x)) € E[Eg[Ep JI(T)U {L}.

(h) If p € P-idg, then it follows that a clause “when ip.m” @ccurs in the clauses of the transition t, and p i

parameter of the interaction m declared within a channeldefinition. Suppose that p is declared to have a type

T. Then,

(1) if ip € Eip-idw, then s.Loc(allocp(p)) €E(T)U { L};
(2) if ip € Iip-idg, then s.Loc(allocp(p)) € E[Eg](T) U {L}.

(i) If (p1, p2) € s.Att then both must referto the same channel H and the same role R.

(j) For every (p1, p2), (p3, p4) € siAtt, pl = p3 iff p2 = p4.

(k) If (p1, p2) € s.Conn, then beth must refer to the same channel H and be of opposite roles.
(1) For every (p1, p2), (p3,p4) € s.Conn, pl = p3 iff p2 = p4.

(m) For every pair {pl, p2) € s.Conn, pl # p2.

(n) For every (p1;p2) € s.Conn, (p2,pl) € s.Conn.

(o) For every interaction point p, if p occurs in s.Att then p does not occur in s.Conn, and if p occurs in s.Co
then prdoes not occur in s.Att.

b a

nn

1 Point (a) assures the correct contents of the module instance’s queues in the state s.

2 Points (b) — (h) formulate restrictions on values a location can assume as determined by the type of the variable identifier
associated with the location by the allocation functions.

3 Points (i) and (k) define conditions on two interaction points which may be attached or connected, respectively.
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4 Points (j) and (1) say that, in a state s, each interaction point may be attached to, or connected with, at most one interaction
point.

5 Point (m) says that an interaction point cannot be connected with itself, i.e., the relation s.Conn is anti-reflexive.
6 Point (n) says that the s.Conn relation is symmetric.

7 Point (0) means that an interaction point, in a state, may be attached or connected but not both.

Fdr every interaction point ip and state s € Sp, partial functions attachment and connection are defined as follows:

attachmentp(ip)(s) = ip’ iff (ip,ip’) € s.Att or (ip’,ip) € s.Att
connectionp(ip)(s) = ip’ iff (ip, ip’) € s.Conn.

The above notions and functions will be useful in 9.6.6.

9.4.5.2 Preinitial state

Alstate s of a module instance P is called preinitial iff

s.ie(p) = nil for all p € IPp (i.e., all queues are empty)
s.Loc(k) = L, for every k € Locp
s.children = §§

sAtt =0
s.Conn = 0
s.out =nil .

D¢note this state s; (we omit the index P).

Notation:
Lqt
s(locy /vy, .S 1ocy /vy) = (s.ie,s.Loc(loc; /vy, . .., locy /vy), s.children, s.Att, s.Conn, s.out).
THis denotes\the state in which values of locations locy, ..., loc, in s are replaced by vy, ..., vy, respectively, and

th¢ values,of other locations remained unchanged (see 6.2 for the general definition of “/”).

9.5 Transitions of a module instance

Transitions of each instance P € INST(M, B, E) are simple transitions (see 7.5.2.4 and the general assumptions of
clause 9) described within the initialization and the transition part of the body declaration B, i.e., in ITr(B) U Tr(B).
interpreted in the state space of P. Therefore each transition in B has its “instance” in P.
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9.5.1 Transition statement

Let t be a transition within the initialization or transition part of the module body B, and let stm, be the statement-

part of the transition t; i.e.,

t = trans C;D; begin stm, end ,

where [C, and D denote clauses and local declarations of t, respectively, and stm, is composed of a set of statemen

executed sequentially

btm, = stmj; stmp; ...; Stmy.

Recall|that VISp denotes the set of visibility mappings of variables for a given set of locations Locp of an instan

P. Thd statement stm, is then interpreted, for each module instance P € INST(M, B, E), as d\partial function
[stm,]p : Sp X VISp ~ POWER(Sp x VISp)
with the following property:

*) if(s', vis') € [stm]p(s, vis), then vis = vis'.

In othpr words [stm]p is a partial function which, for an instance’s state and a certain visibility of the statemejnt
variables in this state, returns sets of the instance states and does not change the visibility. By the nondeterminigm

caused by Estelle statements, see Remark 1 below, this is ingeneral not a single state.

In addition to the property (*) above, the definitions within this International Standard often do not depend on t

visibility argument. For these reasons and for the sake of simplicity, the following conventions are adopted:

(b) In places where the visibility/argument appears, the following notations are uniformly used:

identifiers occurring in the construct being defined:
EV-idyIP-idy U V-idg U P-idg ¢ U V-idg ¢

(2) visg,; ¥isp; and visy, are used for special categories of visibility mappings as defined in 9.4.4.

defined.

(a) The visibility argument is omitted, where possible, from the definitions, but each time an accompanyi
statement will indicate the visibility mapping with respect to which a given definition has to be understood

(1) vis is used for(an arbitrary visibility mapping in VISp with its domain including all appropri

(c) In the definitions of the exist expression, the forone statement, and the all statement, the explicit fo
(statey-wisibility) is used, because in these definitions a local change to a visibility mapping must be explici

w

ne

ng

—

(e

'm
Ly

Thus we write [stm]p(s) instead of [stm]p(s, vis). The text enclosed in brackets [ ] denotes the interpretation (i.e.,

semantics) of the enclosed text (see 6.2).

Remark 1: The transition result [stm]p(s) may be composed of more than one state only if an init, all, or forone
statement is present in stm,. All other constructs are deterministic. Thus, in case the result reduces to a one element

set {s'}, it is identified with the state s’ itself.
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Remark 2: The interpretations of purely Pascal constructs are assumed to be known in the above sense (obviously
they are partial functions from Sp x VISp to Sp x VISp). Thus, only Estelle extensions are defined.

To understand properly compound statements, the statement composition has to be interpreted as follows:

R

el

[stml; stm2]p(s) = {s’ : ( there exists an s”) s” € [stm1]p(s) and s’ € [stm2]p(s")}.

bment sets. The above interpretation of *;” is also assumed in the meta definitions.

9.5.2 Transition interpretation

J3A¢
in
trg

=
=

[=N)

— For every id € Id U {same} and s € Sp,

[nextcontrolstate-id]p(s) =
if id = same thens

else s.Loc(allocg(state)) := id

— Forevery ip € IPp and s € Sp,

[reception-ip]p(s) =
if interac(head(s.ie(ip))) # int-id(interac(head(s.ie(ip)))) then
let interac(head(s.ie(ip))) =xm, vy, ..., Vi)
and py, . . ., px are-the interaction parameters
in
s = s(allocp(p1)/V1, . . ., alloce(px) / vi);
s.ie(ip) := tail(s.ie(1p)).

e ip’s queue.

he interpretation [t]gof the transition t for the module instance P € INST(M, B, E) is a partial function:
[t]p : Sp%{visy} ~ POWER(Sp x {Vvisv(})

rfined as-follows:

Lo T£

kmark 3: The composition reduces to composition of ordinary Tunctions if the results of both statements afe one

r the rest of 9.5, it is assumed that the meaning of a statement sim, of a transiiion { 1y aiready defined. The
erpretation of a transition t for any module instance P € INST(M, B, E) is based e the interpretation fof the
insition statement stm, and two auxiliary statements that are not available in Estelle itself: nextcontrolstdte and
refeption. These are defined as follows (for every visibility vis):

DTE — The reception function‘allocates actual values of the interaction parameters (if any) and removes the top elemeht from

s o s Hion
o S armmpartransiaoi—winr— e ph—ahe—o30—=F

declared in the state-part of the declaration-part of B or the keyword same, then

[t]p = [reception-ip; stmy; nextcontrolstate-id]p.

wiith“auhhan 1 g o d ¢ 14 Alonces acourring n it where 1d 1c an 14
Ut £ H—Where3a15aF

déntifier

NOTE — Thus to interpret [t]p, the result of executing the statement stm, is extended by removing the first interaction

from the ip queue and setting the value associated with the special identifier “state” to id.
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(b) If t is an input transition as in (a), but the “to id” clause does not occur in it, then

[t]p = [reception-ip; stm]p

(c) If t is a spontaneous transition and the “to id” clause occurs in it, then

Points
Tr(B).

It rem
global
the co

9.5.3

Consi

If (P,

Remdrk 1: It is easy to see that each state s ‘€ Sp unambiguously determines a gidp and vice-versa; i.e., one can ufe

the tw
other.

Rem

For ar

descrjption of P which is deterfnined by s € Sp.

[tlp = [stmg; nextcontrolstate-id]p

d) Otherwise (i.e., not (a), (b), nor (c))
[tlp = [stm]p

(a) — (d) assign an interpretation to each transition t occurring in the module body B, i.e., inthe set ITr(B)|U

hins to extend this local interpretation to the global situation; i.e., to define the transmission of outputs ina
instantaneous description gidsp of a specification SP, a component of which is the module instance P. This|is
htent of the next two clauses (9.5.3 and 9.5.4).

Linked interaction points
Her a finite tree of module instances, each in one of its states and satisfying the following conditions:

a) For any two components of the tree (P1,s;) and (P2582), (P2,s2) € s;.children iff (P,,s;) is a child pf
Py, s1) in the usual parent/child relationship of a tree:

(b) If (P, s) is a leaf of the tree, then s.children = (:

) is a root of such a tree, then the tree is called a global instantaneous description of P and is denoted by gid

-]

O notions interchangeably. Depending on the context, however, it is more natural to use one notion and not the
Nevertheless, if it is important to indicate the relationship, then gidp s will denote this global instantaneops

rk 2: We refer to the.module instance together with its state at a node as a component of the tree gid.

y gidp of a medule’instance P, the following definitions are introduced:

— Cona(gidp) = U sr.Conn
R

_—Att(gidp) = | |sp.Att
-4

where

NOTE

R

the union is taken for all components (R, sg) of the gidp.

— The above relations are binary relations on interaction points. They represent current connections and attachments,

respectively, within the tree of module instances rooted in P.
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— for interaction points ip, ip’ and a gidp :

(a) upperattach(ip, gidp) = ip’ iff there is a sequence py, ..., pj (j > 0) of interactions points such that:

(1) po=1ip, pj =1ip’
(2) (pi+1, pi) € Att(gidp), fori=0,...,j— 1, and
(3) the sequence cannot be extended, i.e., there is no pj4; such that (pj,1, p;) € Att(gidp)

(1) po = ip, pj = ip’

(2) {pi, pi+1) € Att(gidp), fori=0,...,j— 1, and

(3) the sequence cannot be extended (see (a)(3)).
The sequence itself (there exists only one) will be denoted by downattach_seq(ip, gidp).
(c) link(ip, gidp) = ip’ iff there exists (ip1, ip,) € Conn(gidp) where

(1) upperattach(ip, gidp) = ip;, and

(2) downattach(ip,, gidp) = ip’.

linked with some other interaction point in gidp.

)TE — All relations (a), (b), (c) introduced above are well-defined paftial'functions by the well-formedness conditions o
nponent state sg of an instance R in the gidp.

.4 Extension of the transition interpretation oyer'gids

| SP be a specification module in Estelle (see 7-2). If (P, s) is a component of a gidsp, and s’ € [t]p(s), the
al change of states caused by the execution of t gives a new global instantaneous description gidgp. Thus [t]
considered as a function that maps gid s'into sets of gid s (for simplicity the notation is not changed). B
v states may have produced some Qutput that has to be transmitted to the target queues in this new gidgp.

r that reason auxiliary meta-futictions send, received and transmission are defined as follows:

te of P in gidgp.

— head(s‘out) = (ip, m) (the first interaction of an output),

—link(ip, gidsp) = ip’ and

8 such

— linked(ip, gidp) is a predicate which is satisfied iff link(ip, gidp) iS.defined, i.e., if the interaction point ip is

f each

n this
may
1t the

P,s) and (P, s") be components of gidsp. We occasionally also write s = P-gidsp to indicate that s is a cfirrent
P g y g

2 upperattach(ip’, gidsp) = ip”

Define by:

— sentp(gidsp) a new gid of SP which differs from gidsp in that s.out := tail(s.out) (i.e., the first message

from the list s.out has been sent)

83


https://standardsiso.com/api/?name=fcb588ffaf36bd33b75378d7b4115f2d

ISO/TIEC 9074:1997(E) © ISO/EC

— receivedp(gidsp) a new gid of SP where the difference with gidsp is expressed by
s’ ie(ip") := append((ip’,ip", m), s".ie(ip))

(i.e., the message has been received in the queue of ip’ and it has been indicated that the message entered (by
a connection) through the interaction point ip” currently attached by a sequence of attachments down to ip’.)

— transmissionp(gidsp) =

let s = P-gidsp
in
if s.out = nil then gidgsp

else
let head(s.out) = (ip, m)
in
if linked(ip, gidsp) then
let
link(ip, gidsp) = ip',
upperattach(ip’, gidsp) = ip”
in

transmissionp(sentp(receivedp(gidsp)))
else
transmissionp(sentp(gidsp)).

(See 6.2 for an explanation of the meta-notation used above).

NOTE — The above function transmits interactions from an'output one-by-one, recursively, to the destination queues| If
there is no destination queue for an interaction in the output; i.e., linked(ip, gidsp) is false, then the interaction is discardpd.

Thus the global effect of execution of an atomic transition t in the module instance P is given by the composition| of
the local effect of t in a state of P composed withr-the transmission function. This composition will be denoted by
and ifs effect is defined by:

3
*

t*(gidsp) = {transmissionp(gidsp) : gidsp € [tlp(gidsp)}

9.6 | Interpretation of specific Estelle constructs

As in[the case of statéments, it is assumed that, given a state s and visibility vis, the interpretation (valuation) of a
Pascql expressionE, valp(E)(s), is given. For example, if x and y are variables, then

valg(x(+ y)(s) = s.Loc(vis(x)) + s.Loc(vis(y))

(recall the convention, formulated in 9.5.1, on the use of the visibility argument in definitions).

9.6.1 External references

In this clause, we discuss objects that are thought of as external to a module instance.
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9.6.1.1 Module-variable and interaction-point-reference

Let X be a module-variable or an interaction-point-reference; i.e., either

X € MV-idg U Elp-ldM U Iip-idB, or

X =Y[E,,...,Ea], n > 1, and E; is an index expression and Y an identifier.

Then, for every s € Sp, and visibility vis, the function ref is defined as follows:
ref(X)(s) = X in the first case,
anld, in the second case,

ref(X)(s) = Y[valp(E|)(s),...,valp(E,)(s)] if the obtained value of tef(X)(s) is in
MV-idg U Eip-idy U Tip-idg,

and
ref(X)(s) is not defined, in other cases.

With the above definition, for every pair of module variable references X and Y, the interpretation of the assignment
statement “X :=Y” is

valp(X)(s) = s.Loc(vis(ref(X)(s))):

os|

br s € Sp and a visibility vis
[X := Y]p(s) = slock/vy),
where

lacy = vis(ref(X)(s))

vy = valp( Y J(5)-

If ref(X)(s) € Eip-idy, then X is called an external ip-reference of P. If ref(X)(s) € lip-idg, then X is called
an internal ip-reference of P. According to the convention in 9.4.3, if X is an interaction point identifier, then
(ref(X)(s))p is the interaction point of P referenced by X in s.
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9.6.1.2 Exported variables and interaction points

Let X.id occur in a transition t, where X identifies a module variable and id identifies either an exported variable
or an interaction point. We introduce a function named acs to gain access (indirectly through a module variable) to
either an exported variable or interaction point. Let s € Sp, and let vis be an arbitrary visibility.

Given:

a) M1 € M-idg, B1 € B-idg

b) valp(ref(X)(s))(s) = R € INST(M1, B1, E[Eg])

¢) (R, sy) € s.children

d)id € EV-idm

e) ref(id)(s1) € Eip-idy; with respect to the visibility visp;.

If (a) 4 (d) are satisfied (i.e., id is an exported variable identifier of M1), then both.acsp(X.1d)(s) and valp(X.1d)(p
are defined, and

~—~

hesp(X.id)(s) = allocg; (id)
balp(X.id)(s) = s1.Loc(allocg;(id))

If E is|an expression, and s € Sp and vis a visibility
[X.id := E]p(s) = s(acsp(X.id)(s)/ valp(E)(s)}

If (a)  (c) and (e) are satisfied (i.e., id is arran external interaction point reference of M1), then acsp(X.id)(s) fis
definefl, and

hesp(X.id)(s) = (ref(id)(s1))r~Where R = valp(X)(s).

Remapk 1: The functionCacsp applied to a child-external-ip access returns an interaction point of a child modujle
instange R, as might be'expected. A simplifying convention was made (9.4.3) that interaction points are the denotigg
identilers themselvesiindexed by the module instance name. Thus the definition above.

Remafk 2: Itshould be noted that it is statically verifiable whether or not an expression X.id is properly used withjn
a spedification: It is, however, a dynamic feature whether or not the value of the X.id expression (or the acceps
functipn).is defined.

9.6.2 Semantics of transition clauses

Given a state, each clause of a transition returns a value in the set Values or is undefined. The when clause, provided
clause, and from clause return a boolean value true or false. These clauses define a set of enabled transitions of a
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module instance in a given state. The absence of all of them makes a transition always enabled. Let us call them
enabling clauses (9.6.3).

The priority clause and delay clause select from those enabled transitions in a state a subset of fireable transitions
(9.6.5). The to clause has a purely informative character giving control-like information (linked with the from
clause) about the next value of the control state (see 9.5.2).

The only two clauses whose values depend on visibility are the provided clause and the delay clause, since they
compute values of expressions in a state. Additionally, the value of a provided clause may depend on its| r¢lative
pasition with respect to a when clause in a transition. The following example explains the dependence,
Example:
providedq > 1
when ip.m (q)
and
when ip.m (q)
providedq > 1;
In|the second case the value of the parameter q of the interaction m iS\tested in the provided clause. In the fifst the
value of a variable q (which happens to be denoted by the same identifier and which is totally independent pf the

inferaction m) is tested. Thus, a when clause opens a new scope to which the visibility visp, corresponds (see
anfl 9.4.4 on visibility). This difference is formally given whenénabled transitions are defined (9.6.3).

7.5.6

The semantics of condition clauses extends the valp function, for a module instance P € INST(M, B, E) as follows:

(a

The when clause is said to be'satisfied in s if this valuation function returns true. (See 9.3.1 for the definit
int-id and 9.4.3.1 for the definition of interac).

(b

Thee provided clause is said to be satisfied in s with a given visibility vis if this valuation function returns true.

when clause
valp(when p.m[ ...])(s) = true iff
there exists ip € IPp such that

ip = ref(p)(s) and
int-id(interac(head(s.ie(ip)))) = m.

provided clause

valp(provided B)(s) = valp(B)(s) .

(c) from'clause
Letidy,...,idx (k > 1) be a state list; i.e., either id; € S-idg or id; € Ss-idp (state-id or state-set-id, see 9.4.1)
Define the set of state identifiers of id;, set-idj, i=1,...,k, as follows:
vid = {idi} ifid; € S-idg
=\ {idi,...,idy)}  ifid; € Ss-idg, and id; = idy, ..., idy, j > 1.

on of
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The set of state identifiers denoted by the state list idy, .. . , idy is defined to be

k
from-list(1,k) = U set-id;.

i=1

With the above notation:

© ISO/IEC

valp(from id,, . . ., id;)(s) = true

iff

valp(STATE)(s) € from-list(1, k).

The fijom clause is said to be satisfied in s if the valuation function returns true.

(d) to clause

valp(to id)(s) = {s.Loc(ws(STATE)) if id = same

“id” otherwise.

The visibility visp is the one with which a to clause is always, interpreted.
(e) prjority clause

valp(k)(s)

E[Eg](k) ifk € Constant-ids
“k” otherwise:

Remadrk: If k is a constant identifier, then 'value is the constant assigned to it by the declaration of k. Otherwise if|is

the constant “k” itself.

(f) delay clause

valp(delay(E1,/E2))(s)

The vfaluation-of a delay clause in a state with a given visibility, vis, returns a pair of values of positive integer
exprepsions E1 and E2. The role of these pairs of values is explained in 9.6.4 and 9.6.5.

(valp(E1)(s), valp(E2)(s)) if E2 is an expression
(valp(E1)(s), infinity) if B2 = *,

9.6.3 Enabled transitions and initial states

Let t be a transition defined in the module-body B.

Consider two different cases:
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Let M be a module-header with parameters pl,...,pk,k > 0 (by convention, K. = 0 implies that there 2
pafameters). Let T1,..., Tk be type identifiers, where Ti is the ordinal type decldred for parameter pi. Le
INIST(M, B, E) and allocp(pi) = loc;, i = 1,...,k. A state s € Sp is initial iff there is a transition t € ITr(E
values vi € E(Ti), fori=1,...,k, such that

(s¢e 9.5.2 for the definition of [t]p).

NQTE — A state is initial if it is described by an jnitialization transition starting from preinitial state of P (9.4.5.2) w

val

Ré¢mark: No specification module has parameters (i.e., k = 0 above). Initial states of a specification determine

gl
th

A

The fdnction delays is introduced to indicate the values of delay timers associated with delay clauses as tim
gresses from one situation to another given that a delayed transition is enabled. The difference between the

.p.4 Delay values andtime interpretation in Estelle

hqwever, interdependencies between computations and these values that must be preserved. These interdepend
arp formulatéd’below. The notions such as global situation, computation and system snapshot are introduced in

ISO/IEC ISO/IEC 9074:1997(E)
(a) t is an input transition where the when clause is of the form “when ip.m” (or “when ip.m(pl,...,pn)"),
and this clause precedes a provided clause of t, and p1,...,pn (n > 1) are all parameters of the interaction

identified by the interaction-id m.

In this case, the transition t is enabled in the state s iff

(1) if a from clause occurs in t, then it is satisfied in s, and

(2) the when clause is satisfied in s, and

(3) if interac(head(s.ie(ip))) = (m, vy, ..., V), then the provided clause of t is satisfied ip-the
s(allocpi(p1)/V1, - - - , allocp(pn)/ va) With the visibility visp,.

(b) All other transitions.

In this case, a transition t is enabled in the state s iff each one of the three enablingClauses (if pres¢
satisfied in s with the visibility visg.

tis enabled in the state s (Iocy /v, .. ., lock/vk), and

s € [tlp(s L (ocy /vy, ..., lock/vK)).

ues of the module parameters already known.

hbal instantaneous descriptions of this specification (see the Remark 1 in 9.5.3). These are of special inte
by are starting points of execution'(5.3.4).

noted in 5.3.5delay values are dynamically changed by a time process independent of a specification. The

state

nt) is

re no
tP €
) and

ith the

initial
est as

re are,
encies
53.4.

e pro-

values

of this function is the elapsed time for computations executed between two successive situations.

Let sit = (gidsp; A1, . . ., Ap) be a situation in a computation, and let (P, s) be a component of gidsp. For each delayed
transition t of P, there is associated a pair of delay values. This pair is denoted

delays(t, sit)
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Each value of the pair is always in the set

Delays = real* U {!, infinity},

€y

where real* denotes non-negative reals, and for every real x, x < infinity, and
“<” to any other element.

is a special element not related by

NOTE
1 Thespecial element “!” may be thought of as representing the situation where the delay clock is not running.
The fifst value of the pair is sometimes called the earliest firing time of a transition and the second ¥alte the latdst
firing fime of a transition (see the note in 9.6.5).

Remark: Everywhere in this and the next subclause, if P = INST(M, B, E), then valp(F)(s)is.understood to be the
value pf the expression F in the state s and with the visibility visp (see 9.4.4 for the definition/of the visibility visg).

The fpllowing conditions must be satisfied by the delays function:

(a) If delays(t, sit) = (al, a2}, then:
(1)al =!iffa2 = !
2)0< al <a2ifal #!

(3) al # infinity.

(b) If sit is initial and (P, s) is a component of gidsp/Sjsfor some j € {1,...,n}, and t is a delayed transitipn
of P then

delays(t, sit) = (!, 1).

(c) For any two consecutive situations;

sity = (gid'; AL, ..., Al) andsit, = (gid%; AZ,...,A2)
in a computation:

(1) If A! # 0, thenfor every component (P, s) of gid!/S;, and every delayed transition t of P,
delas(t, sit;) = (!, !} iff delays(t, sitz) = (!, 1).

(2) If A= 0, then for every component (P, s) of gid!/S;, and every delayed transition t of P containipg
a clause of the form “delay(E1,E2)”

(i) if delays(t, sit;) = (!, !) and delays(t, sit) # (!, !),

then tis enabled in s, and t ¢ Aiz, and

U X Valp(ET)(5) < valp(EZ)(S), and

delays(t, sity) = (valp(E1)(s), valp(E2)(s))

(i) if delays(t, sity) # (!, !) and delays(t, sity) = (!, !), then

tis notenabled in s, or t € AZ.

Note that for A? () in (a) and (b) above, sit; is an i-th system’s snapshot.
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(3)IfA! =0 and A? # 0 (i.e., sit, is a system’s snapshot and gid' = gid?, see 5.3.4), then for every com-
ponent (P, s) of gid'/S;, and every delayed transition t of P containing a clause of the form “delay(E1,
E2)”

(i) if delays(t, sit;) = (!, !), and t is enabled in s, and
t¢ A?, and 0 < valp(E1)(s) < valp(E2)(s), then
delays(t, sity) = (valp(E1)(s), valp(E2)(s))

(i) if Tis not enabled In s, or { € A7, then

delays(t, sitp) = (1, !).

(4) For any two delayed transitions t; and t; if

delays(ty, sit;) = (aj,ay),
delays(tp, sit}) = (b, b),
delays(ty, sit;) = (af,a}),

delays(t, sitz) = (b}, b)), then
for aj, af, bj, bl #!,i=1,2,

(i) ), = infinity iff a, = infinity
(ii)a} <ajandaj < a
(iii) if a; # infinity, then:
(if a} > 0, then a; — a} = a, — a}) and
(if a] = 0, then a, — @), > a;)
(iv) foreveryi,j =1,2,if aj < b; # infinity;then:
(if aj > 0, then a; — a] = b — bj') and
(if af =0, then bj — bjf > a;).

NOTES

2 Point (c)(1) says that delay timers for the(delayed transitions of the i-th system cannot be turned on or off wHen the
system is executing (A! = 0) or, in other(words, these clocks may be turned on or off only in between (A; = P) two
consecutive execution phases of this system.

3 Points (c)(2)(i) and (c)(2)(ii) eXplain when and how a delay timer may be turned on and off respectively.

4 Point (c)(3) says that all aboye timer manipulations (i.e., turning on and turning off) which are necessary in the i-th
system must be already done when passing to a new snapshot of the system.

5 Point (c)(4) statesthat-between computation steps the delay values may not increase (ii), that “infinity” value mfay not
be changed (i), and that the delay values are changing uniformly both for earliest and latest firing values of th¢ same
transition (iii) and for those values in different transitions (iv).

(d) Letsify, j > 0, be a situation in a computation, and let t be a delayed transition with

delays(t, sitj) = (d1, d2),

where d1 > 0. Then there is a k > j such that
delays(t, sity) = (d3,d4)and d3 < dl ord3 =d4 = !.

NOTE 6 Point (d) says that time progresses.

91


https://standardsiso.com/api/?name=fcb588ffaf36bd33b75378d7b4115f2d

ISO/IEC 9074:1997(E)

9.6.5

Fireable transitions and offered transitions

© ISO/IEC

Let P be a module instance, s € Sp, and let d1 and d2 be a pair of delay functions which to every transition t assign

a pair

Within a computation, if a global situation sit = (gidsp; A1,. ..

of delay values (d1(t), d2(t)) (i.e., these are values in the set Delays satisfying condition (a) of 9.6.4).

,Ap) directly precedes a snapshot of the system

(rooted) in S; (see 5.3.4), then the delay values for delayed transitions that are taken into account to define fireable

transit{ons (see the definition below) of a module instance are those given by the function delays introduced in 946.
i.e. thd delay functions d1 and d2 are such that, for every delayed transition t,

A trankition t € Tr(B) is fireable in the state s € Sp with respect to the delay functions d1 and d2)if

Rem:

pletely statically to each transition t in each module instance P.'By default, it is assumed that the absence of]
priority clause within a transition’s conditions means the weakest priority (i.e., the largest value) among the trans

tion p

FIRp(

A transition t is optionally fireable in s with respect to d1 and d2 (written o-fireable) iff it is a delayed transiti

which|

O-FIR

A tranfsition t is offeredfor-execution in s with respect to d1 and d2 iff

Helays(t, sit) = (d1(t), d2(t)).

a)t is enabled in s, and if t is a delayed transition, then either d1(t) < 0, or'dl(t) = d2(t) =! and 0
valp(E1)(s) < valp(E2)(s).

b) if priority of t equals k, then for every other transition t’' satisfying (2) above, the priority of t' is not le
than k (i.e., the priority k is the strongest).

k: Since a priority clause may contain only constant non-négative integers, each priority is assigned cor

iorities of the module instance P (see 7.5.8).

, d1, d2) denotes all transitions, from those in Tr(B), fireable in the state s with respect to d1 and d2.

is fireable in s with respect to d1 and d2;and either

a)d1(t) = 0 and d2(t) > O, or

b) d1(t) = d2(t) =! and Q.="valp(E1)(s) < valp(E2)(s).

p(s, d1, d2) (an impropey subset of FIRp(s, d1, d2)) denotes the set of o-fireable transitions.

¢) t # nullandt € FIRp(s,d1,d2), or

d) t =null and O-FIRp(d1, d2) = FIRp(s, d1, d2).

Given

Jat £ fa 41 R aY - L PR 1 L ot o £ D £ £ 2 1N L0 Q 1 . £ 10
acray ranctronsaranaaz;—a patr (Syt1s—atocaisttualton o1 T (SCC o0 1) T s € Op ana t 15 otfered 1

45

r

execution in s with respect to d1 and d2. Remember that by the nondeterminism of Estelle, there may be more than
one transition fireable in s, and hence there may be more than one local situation for a given s.

NOTE

92

— The above definitions say, among other things, that

— Each optionally fireable transition is fireable.
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9.4.6 Semantics of primitive Estelle statements

It
su

97(E)

— The set of offered transitions consists of all fireable transitions (point c) and possibly the “null” transition. The presence
of “null” in the set of offered transitions serves to indicate that either there are no fireable transitions in s or all of them

are optionally fireable (point d). Recall that the set {null} is identified with the empty set in the definition of the

set of

transitions selected for execution (see 5.3.3). Therefore, if there are only optionally fireable transitions in s, then each of

them and “null” (i.e., “nothing”) is offered by P in s.

— A delayed-transition t with delay values (d1(t), d2(t)) cannot be offered unless it remains enabled for at least d1(t) time

units because earlier it is not fireable by point (a) of the definition of fireable.

be optionally fireable: it is fireable, but it is not o-fireable.

— A fireable transition with a delay clause of the form “delay(0,* )” is always o-fireable.

ik convenient to introduce auxiliary meta-functions on lists of doubly labelled elements, as contents of queu
¢h lists, where the labels are interaction points and the elements are interactions;

— If such a delayed and fireable, henced offered, transition has remained enabled for u time units, where d1(t) § u <
d2(t), then it is optionally fireable. However, if the transition has remained enabled for d2(t) time units, thenbcegses to

S are

Let L be such a list, i.e., L = {p1,q1,my), ..., {Pn, qn, Mp), or L = nil, where p;; q; are labels. Letry,...,rc, > 1,

bela sequence of labels.

The functions erase;, erase}, erase,, and erase; are defined as follows:

ergse,(ry, . .., Tk, L) is the list resulting from L by erasing all of its components with the first label equal to any one
in the sequence ry, ..., Ik.

ergse}(ry, . .., Ik, L) is the list resulting from taking L and'érasing all of its components with the first label different
frqgm any one in the sequencery, ..., Ik.

ergse, and erase; are defined similarly to erase; ‘and erasej, respectively, except they are based on the second label
in the list.

Let r be a label, then rename, (r, L) (respectively, rename,(r, L)) is the list resulting from L obtained by changing all

oflits first (respectively, second) labels to r.

Ldt L' be another doubly labelled-list, then L \ L' is the list resulting from L after removing each of its comp

th

Example:

L

it also occurs in L.

~ <p13q17m1>7 <p2aq27m2>> (p37th3>7 <P2, QZ,m4)

erases{py, p2, L) = (p3, qi, m3)
erase] (p1, p2, L) = (p1,q1, m1), (p2,q2, m2), (P2, 92, Ma)
renames(r, erase;(p1, p3, L)) = (p2, T, my), (p2, T, my)

nents

erasey(r,L) =L

erase;(r,L) = nil

L \ erase;(p1, p2, L) = erasej (pi, p2, L),
L \ rename;(r, erase;(p1,p3, L)) =L
L\ L = nil
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Henceforth we assume that states for which the semantics of Estelle statements are defined are well-formed
(see 9.4.5.1). It is easy to prove from the definitions in the following clauses that well-formedness is preserved
by these statements. Recall that the semantics of these statements are defined for a module instance P in the class
INST(M, B, E), and for a particular transition t, and, consequently, in all of 9.6.6, the valuation function valp is
always evaluated with the visibility visy, (9.4.4). Thus, this argument is often omitted.

9.6.6.JI Init statement

Lett

occurs, where Eq, . .., Ey are expressions of types compatible with the types of corresponding parameters py, . .
declated in the module header M1. If there are no parameters, then the statement reduces to

Recalll that the class INST(M1, B1, E[Eg]) has been already defined.

Letn

for M1, returns a module instance newp(M1,B1) € INST(M1, B E[Eg]) different (in the sense of the Rem4
below) from any other module instance existing at the moment thelinit statement is executed.

Remark: Module instances P and Q are different (9.2) iff

NOTHE — In practice this means that each implementation must ensure the properties of the above remark. This may be do|
howeyer, in many ways, and therefore it is left unspecified here. From this practical point of view, the new function is responsi
for “creating” a separate set of locations and queues and for setting the allocation and queue functions according to the giy

defini

With
defin

s’ e

be a transition in which the statement

init X with BI(E, ..., Ex)

-l

init X with B1.

bwp be a primitive function which for each module header M1 € Mkidg and module body B1 € B-idg declar

IPp N IPq = 0, QIPp N QIPg = @, and Locp Locg = 0.

ions.

ed as follows:
init X with B1(E,-22, Ex)]p(s) iff
each s’ component except s'.children and s’.Loc remains the same as in s, and

sLoc(allocg(X)) = newp(M1,B1)
s'.children = s.children U {(newp(M1,B1),s))}

the above assumptions and 'with an arbitrary visibility vis, the interpretation of the above init statemen i

Px

94

where s; is a state of the module instance R = newp(M1, B1), and s; is defined by:

Let v; = valp(E;)(s) with the visibility vis,i=1,...,k,

loc; = allocg;(p;) € Locgr,i=1,...,k, and
so =sy (loci /vy,...,locg/vy), where s is the preinitial state of R.
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Then

81 € [t]r(so), for some t € ITr(B1) which is enabled in so with the visibility visg;
if such a transition exists.

ISO/IEC 9074:1997(E)

Remark: Note that if no enabled transition exists, the semantics is undefined, and thus the specification is in error.

NOTES

—

R
1
th

2
of

o

o

T

arle satisfied:

a

—

16.6.2 Attach and detach statements

46.6.2.1 Attach

The above can be read as follows: The result of an init statement in a state s with a visibility vis is that a new child\
= newp(M1, B1) is created in its state s;, which is the result of applying one enabled initialization transition t € JTr(B 1
einitial state of R in which parameter locations were loaded with actual values of expressions computed in the state s of
e visibility vis.
Note the nondeterminism involved due to the fact that the set of initialization transitions enabled in(a\State is not necs
cardinality 1.

he semantics of “attach p; to X.p,” is defined in a state s with an arbitrary visibility vis iff the following assum

(a) p1 is an external interaction point reference defined'in s (i.e., either p; is an identifier and p; € Eip

(b) acsp(X.p2)(s) is defined (see 9.6.1.2).
ith these assumptions, the following notations are introduced for well-defined objects:

(a) ip1 = (ref(p1)(s))p € EIPp (9.4:3'and 9.6.1.1)

(b) ip = acsp(X.p2)(s) (9.6:1.2)

(c) ip’ = downattach(ip, gidp 5) (see 9.5.3 for both downattach and gidp s)
(d)ip’ € EIPg andR is a component module instance of gidp ¢

(e) s; = R-gidp)s € Sr (read: s; is the current state of R in gidp ).

he interprétation of an attach statement of the above form is thus:

ttach pyto X.p2]p(s) =
if'ip; or ip is bound in s (9.4.5) then s

hstance
) to the
P, with

pssarily

ptions

idg or

p1 = X[E,...,Esl and X[valp(E;)(s), ..., valp(En)(s)] € Eip-idg — see 9.6.1.1 for the ref(p1)(s) funcfion).

—else
let L, = erasej(ip1, s.ie(ip1)),
L, = rename;(ip’, L)

i (s.ie(p’) = append(Ly,si.ie(ip));
s.de(ip;) := erase;(ip1, s.ie(ip1));
s.Att = s.AttU {(ip1,ip)}).
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Remark: We discuss here an important issue concerning the semantics of several statements in 9.6.6. The con-
straints of 7.6 prevent an attach or connect statement from binding an interaction point that is already bound or an
output statement from referencing an interaction point that is attached to a child. Any implementation should issue
a warning if these situations occur. From the point of view of the formal semantics being expressed here, however,
such an attempt is not an error; it is simply ignored. This choice is useful for technical convenience in some cases,
and for correct specifications it has no significance.

9.6.6.2|2 Detach external interaction point

If assumption (a) of 9.6.6.2.1 is satisfied, then the semantics of the “detach p;” statement is defined in, the state [s
with thg visibility vis.

With the notations (a), (c) — () of 9.6.6.2.1, the interpretation of a detach statement of the above-form is defined
thus:

[detach p1]p(s) =
if ip; is attached in s (9.4.5) then
let ip = attachmentp(ip;)(s), (9.4.5)
L; = erase}(ip', s1.ie(ip")),
L, = erase;(downattach _seq(ip, gidp s), L1), (9.5.3)
L; = rename,;(ip;, L2)
in

(s.ie(ip;) := append(L3,s.ie(ip1));
siie(ip’) = si.e(ip’) \ La;
s.Att = s.Att\ {(ip1,ip)})
blse s .

9.6.6.2.3 Detach child’s interaction point

If assymption (b) of 9.6.6.2.1 is satisfied, thén the semantics of the “detach X.p,” statement is defined in the state;s
with the visibility vis.

With the notations (b) — (e) of 9.6.6(2.1, the interpretation of a detach statement of the above form is defined thug:

[detach X.p2]p(s) =
if ip is attached in s then
let ip; = attachimentp(ip)(s),
L, =cerase} (ip’, s1.ie(ip’)),
L, &-erase,(downattach_seq(ip, gidps), L1),
L3/)= rename; (ip;, L2)
in

(s.ie(ip;) := append(Ls, s.ie(ip1))
siie(ip’) = sp.dep’) \ Lo
At At \ (/i in\1)
o.M -— J.1 XLC \ L\At}l, Arl J 7
elses .

With the same assumptions and notations, an auxiliary statement, “simple-detach X.p,” is defined as follows:

96


https://standardsiso.com/api/?name=fcb588ffaf36bd33b75378d7b4115f2d

© ISO/IEC ISO/IEC 9074:1997(E)

[simple-detach X.p2]p(s) =
if ip is attached in s then
s.Att :=s.Att \ {(ip, attachmentp(ip)(s)) }
elses.

Remark: The simple-detach above, which operates on a single interaction point, is used below to define the “simple-
detach X” statement, which operates on a module instance.

9.6/6.2.4 Detach module
If X is a module variable and valp(X)(s) is defined, then the semantics of “detach X” is defined-in‘the state § with
the] visibility vis.

Lef valp(X)(s) € INST(M1, B1, E[Eg]).

With this notation, the interpretation of a detach statement of the above form is defined thus:

[dgtach X]p(s) =
forall r € Eip-idm;do
s := [detach X.r]p(s).

Remark: Note that with the assumption, acsp(X.r)(s) is defined for eachr € Eip-idm;, and therefore [detach Xir]p(s)
is defined.

With the same assumptions and notations, an auxiliary statement, “simple-detach X" is defined as follows:

[simple-detach X]p(s) =
forall r € Eip-idy;do
s := [simple-detach X.r]p(s).

Remark: The “simple-detach X” statement, which operates on a module instance, is used in the semantic defipition
of the terminate statement.

9.4.6.3 Connect and disconnect'statements
9.4.6.3.1 Connect
The semantics of the{connect p to p' ” statement is defined in a state s with an arbitrary visibility vis iff

(a) p amd\p’ are internal interaction point references defined in s (see 9.6.1), or

(b);p-is an internal interaction point reference defined in s and p' = Y.p2 and acsp(Y.p,)(s) is defined, of

{c) p = X.p; and p’ = Y.p, and both acsp(X.p1)(s) and acsp(Y.p2)(s) are defined.

If one of the above assumptions is satisfied, then denote by ip and ip’ the interaction points in the state s of P
corresponding to p and p'.

With this notation, the interpretation of a connect statement of the above form is defined thus:
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[connect p to p']p(s) = [connect p'to plp(s) =

9.6.6.

Ifpis

if ip or ip’is bound in s (9.4.5) then s
else s.Conn := s.Conn U {(ip, ip'), (ip',ip) }.

3.2 Disconnect interaction point

© ISO/IEC

of the| statement “disconnect p” is defined in the state s with the visibility vis. Denote by ip the interaction/po

With

correT)onding to p.
h

is notation, the interpretation of a disconnect statement of the above form is defined thus:

[discdnnect plp(s) =

9.6.6.

IfXi

if ip connected in s (9.4.5) then
let ip’ = connectionp(ip)(s) (9.4.5)
in
s.Conn := s.Conn \ {(ip,ip'), (ip’,ip)}
elses.

3.3 Disconnect module

L a module variable reference and valp(X)(s) is defined, then‘the semantics of the statement “disconnect X’

defingd in the state s with the visibility vis.

Let vlp(X)(s) € INST(M1, B1, E[Eg]).

With

his notation, the interpretation of a disconnectstatement of the above form is defined thus:

[discgnnect X]p(s) =

9.6.6

The s
iff X

With

forall r € Eip-idy; do
s := [disconnect X.r]p(s).

4 Release and terminate statements

tmantics of the statements “release X” and “terminate X” are defined in a state s with an arbitrary visibility
s a module vafiable reference and valp(X)(s) is defined.

this assuniption, the interpretation of a release statement of the above form is defined thus:

[reledse X]p(s) =

98

sC= [detach X; disconnect X]p(s);

an interaction point reference defined in s (9.6.1) or p = X.p; and acs(X.p;)(s) is defined, then the semanti

CS

—

S

—

S

tet R=vals(X)(s)amd«(R;s7) = schildren
in
s.children := s.children \ {(R,s1)};
forall Y € MV-idg do
if s.Loc(allocg(Y)) = R then
s.Loc(allocg(Y)) := L.
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The interpretation of a terminate statement of the above form is defined thus:

[terminate X]p(S) =
s := [simple-detach X; disconnect X]p(s);
let R = valp(X)(s) and (R, s;) € s.children
in

s.children := s.children \ {(R,s1)};
forall Y € MV-1dg do

if s.Loc(allocg(Y)) = R then

s.Loc(allocg(Y)) := L.

9.6.6.5 Output statement
THhe semantics of the statement “output p.m(Ej, ..., E,)” is defined in a state s witlan arbitrary visibility vis iff

(a) p is an interaction point reference defined in s (9.6.1)

(b) valp(E;)(s) is defined foreachi=1,...,n.

Rémark: If the statement reduces to “output p.m”, then (b)disappears.
Dé¢note by ip = ref(p)(s) the interaction point of P corrésponding to p.
With this notation, the interpretation of an output Statement of the above form is defined thus:

[

[}

htput p.m(Ey, ..., Ep)lp(s) =
if ip is attached in s then s
else
if ip € EIPp then
s.out := append ({ip, m, valp(E; )(s), . . ., valp(E,)(s)), s.out)
else (i.e., ip € IIPp)
if linked(ip,gidp 5) (9.5.3) then
let Vip’ = link(ip, gidp 5), (9.5.3)
ip” = connectionp(ip)(s), (9.4.5.1)
ip’ € IPg and (R, s;) is a component of gidp s (see Remark below)
in
s;.ie(ip’) := append((ip’,ip", m, valp(E;)(s), . . ., valp(Ey)(s)), s.ie(ip’))
elses .

R A H : £ 1t oL D ol H AP B » S oY 3
C'ﬂ‘lﬂfk':_l'f_rp_w'ﬁ'ﬁ'e‘fhef'tﬁferﬂ'a'l—rﬂferauuuu POt o eI p——1p > =1, anas =57,

NOTE — Outputs to the internal interaction points are transmitted “immediately” to the destination queues (in the main else
part), while outputs to external interaction points are “collected” during the execution of a transition and then transmitted to
the environment at the end of the transition’s execution (see 9.5.4 for the definition of this transmission). The reason for this
difference is that, in the first case, the destination queue may be retrieved by the information included in the state s; and in the
second, it may not.
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9.6.6.6 Exist expression, and forone and all statements

The semantics of the following Estelle constructs are defined here:

All of

Recalll that the semantics of each Estelle statement is considered with respect to the context in-which it appears; if.,
tatement is interpreted in the set Sp x VIS (see 9.5.1). In the definitions below the visibility changes loca:ﬁ]y,
e

each
so th

initial visibility as postulated in 9.5.1.

Let (

The fpllowing definitions and notations are used in this clause:

Rem:

Rem:

9.6.6

— exist x:T suchthat E

— forone x:T suchthat E do stm; otherwise stm,

— all x:T do stm

g explicit form (state, visibility) is used in these definitions. The global results, however, always preserve

g, vis) be an arbitrary pair in the set Sp x VIS.

Locp, i.e., one which is not in L.
— loc = newlocp(dom(vis)).

— visy is a new visibility function defined as follows:
dom(visy) = dom(vis) U {x}.

. _ vis(y) ify#x
vissy) - = { e ify=\x.
— s-T denotes the following §et}

(a) if T is a module-typée, then s-T = { R : R is a child instance of P in s and R € INST(T, E[Eg])}
(b) if T is an ordinal type, then s-T = E[Eg[Eg (]1(T).

—S(s,T) = {s'€ Sp : s.Loc(loc) € s-T and all other components of s’ are identical to those in s}.

[rk 1: The/definition of S(s, T) depends on the cases (a) and (b) above for s-T.

rk 2:\Note that if s-T = ), then S(s, T) = @ . Note also that the set s-T is always finite.

— newlocp(L) is a primitive function that, for each finite subset{s.of location Locp, returns a fresh location| i

.6.1 Exist expression

The interpretation of an exist expression statement is defined thus:

valp(exist x:T suchthat E)(s, vis) = true iff

100

there exists an s’ € S(s, T) such that valp(E)(s', vis) = true.

© ISO/IEC

the above are defined in two cases: when T is a module type (i.e., T is a module-header-id in,M-idg) apnd
when|T is a Pascal finite ordinal type.
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9.6.6.6.2 Forone statement

Denote:

Dp(s, T, E, x) = there exists an s’ € S(s, T) such that valp(E)(s', visx) = true.

forone (x, T, E, stmy, stm,) = forone x:T suchthat E do stm; otherwise stm;.

With-these-notations-the-interpretation-of-a-foronestatement is defined thus:

If Dp(s, T, E, x), then (s”, vis) € [forone(x, T, E, stmy, stmy)]p(s, vis) iff

If qot(Dp(s, T, E, x)), then [forone (x, T, E, stmy, stmy)]e(s, vis) = [stmp]p(s, Vis).

9.4.6.6.3 All statement

Let u and vi be meta variables whose values are states and visibilities, respectivelys The possible results of exeq
thd statement “all x:T do stm” in the state s and visibility vis, i.e., the semanticcvalue of

[all x:T do stm]p(s, vis)

is

Rémark 1: The result of the statement is strongly nondeterministic. It depends on the order of choosing elemg
L set s-T. In addition, the statement “stin’*may give more than one result due to the possibility of nesting Estelle

th

stg

R¢

el

R
m

m

\\

there exists an s' € S(s, T) such that (valp(E)(s’, visx) = true and (s", visy) € [stm]p(s’, visy)).

piven by all possible final values of variables u and vi of the following meta statement:

(u, vi) := (s, visy);
forallR € s-T do
(u.Loc(loc) :=R;
(u, vi) := [stm]p(u, vi));
vi = vis.

tements.

mark 2: It is strongly recomfended not to use the all statement if its result depends on the order of ch
ments in the set s-T.

hy have the following general form:
1 Lo.T.. - n .
X7, ao X s T X0, oo X+ T,

herén, > 1, ki>1,1i=1,...,n

]

i
X

and define the following:
— visibility visy by:

dom(vis,) = dom(vis) U {x} :i=1,...,mj=1,...,ki}.

ISO/IEC 9074:1997(E)

uting

nts in
osing

Lmark 3: In case the exist'expression, forone statement, or all statement concerns ordinal types, the domdin-list
hy contain several identifiers of different ordinal types, i.e., the domain list instead of being reduced to the x:T

he generalization of the above defimtions I straightforward-Omemust create-a-frew toeationtoe; foreachidentifier
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. .f i
visy(y) { vis ify #x;

loc; ify=x.

— s-Ti = E[Ep[Eg,JI(Th),i=1,...,n.

—S(s, Ty,...,Ty)={s' € Sp: s’.Loc(loc}) € s-T; and all other elements in s’ are identical to those in's } .

Substjtution of S(s, Ty, ..., Ty) for S(s, T), in the semantic definitions of an exist expression and forone statemnept,
gives the required generalization in these cases.

In case of an all statement, the following meta statement (a particular use is the one in 9.6.6.6.3) gives the-semantjcs
of thel general case:
(u, vi) = (s, visy);
forallR € (s-T)X! x ... x (s-Tp)*" do
(foralli € {1,...,n} do
forallj € {1,...,ki} do
u.Loc(loc)) := RIi, jl;
(u, vi) := [stm]p(u, vi));
Vi = vis,

where (s-T;)X = s-T; x ... x s-T; (ki times), and R[i, j] denotes the j<H element in the cartesian product (s-T; |9
the i-th part of the product (s-T1)X! x -+ x (s-Ty)k".
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ANNEX A
(informative)

Collected syntax

Thils annex comprises three clauses: collected syntax from clause 7, collected syntax from clause 8, and(Goll¢cted
synfax from Annex C.

Syrftax rules are defined in clauses 7, 8 and Annex C; the relationship between the parts is as_follows. Annex C
defines a subset of ISO Pascal [ISO/IEC 7185:1990] used by Estelle. Clause 8 defines extensions to the syibset
defined in annex C and summarizes the restrictions imposed by the subset. Clause 7 defines those grammar elements
thaf are unique to Estelle. By convention, in clauses 7 and 8, nonterminal symbols written‘efitirely in upper case fefer
to the corresponding lower case nonterminal symbol in the grammar rules found in Angex C (e.g., IDENTIFIER).
Nofe that some nonterminals found in Annex C are extended by clause 8. Forlexample, an applied occurtence
of COMPONENT-VARIABLE in clause 7 refers to the nonterminal symbol “component-variable” as defingd in
Anpex C and as extended in clause 8. ‘

NO[ES

1 Tfhe start symbol of the grammar is the nonterminal symbol specification’(see 7.2.1).

2 The following nonterminal symbols do not appear on the right-hand'side of any production and hence cannot be reached|from
the ptart symbol of the grammar: pointer-type, simple-type, signed-number, and structured-type.

3 Tfhe following nonterminal symbols appear only on the.right-hand side of productions that cannot be reached from thq start
synfbol of the grammar: pointer-type-identifier, real-type-identifier, signed-real, and structured-type-identifier.

A.l Collected syntax from clause 7

7.6(1.1 actual-module-parameter = EXPRESSION .

[

7.6/1.1 actual-medule-parameter-list = actual-module-parameter { “,” actual-module-parameter } .

7.619.1 all*statement = *“all” ( domain-list | module-domain )
“do” STATEMENT .

7.59.1 any-clause = “any” domain-list “do” .

7.6.4.1 attach-statement = “attach” external-ip “to” child-external-ip .
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7.2.1 body-definition = declaration-part
initialization-part
transition-declaration-part .

7.3.7. body-identifier = IDENTIFIER .

7.3.4. channel-block = +{ interaction-group } .

7.3.4. channel-definition = channel-heading channel-block .

7.34.1 channel-heading = “channel” IDENTIFIER “(” role-list “)” *;” .

734.1 channel-identifier = IDENTIFIER .

@9

7420 child-external-ip = module-variable “.” external-ip’ .

7.3.6/1 class = “systemprocess” | “systemactivity” | “process” | “activity” .

7.5.2{1 clause-group = [ providedsclause ]
[ fromclause ]

Y[ to-Clause ]
Y[cany-clause ]
{pdelay-clause ]

[ when-clause ]

Y[ priority-clause ] .

7.4.2]1 connect-ip = child-external-ip | internal-ip .

7.6.3.1 connect-statement = “connect” connect-ip “to” connect-ip .

7.3.1 declaration-part = { declarations } .
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7.3.1 declarations = CONSTANT-DEFINITION-PART
| TYPE-DEFINITION-PART
| channel-definition
| module-header-definition
| module-body-definition

| ;ntgrar‘ﬁnn point-declaration-part
1 r r

| module-variable-declaration-part

| VARTIABLE-DECLARATION-PART

| state-definition-part

| state-set-definition-part

| PROCEDURE-AND-FUNCTION-DECLARATION-PART .

66,9

7.2.1 default-options = “default” queue-discipline “;

75.7.1 delay-clause = “delay” “(” (EXPRESSION “,” EXPRESSION
l EXPRESSION “’” 13 33}

| EXPRESSION )
“)H X
7.6.6.1 detach-statement = “detach” ( external-ip;Jichild-external-ip | module-variable ) .
7.6.5.1 disconnect-statement = “disconnect” ( connect-ip | module-variable ) .

7.p.9.1 domain-list = IDENTIEIER-LIST “” ORDINAL-TYPE
{ “*\IDENTIFIER-LIST “:” ORDINAL-TYPE } .

7.6.11.1  exist-one(=)*“exist” ( domain-list | module-domain)
“suchthat” FACTOR .

[T

7431 exported-variable = module-variable “.” exported-variable-identifier .

7.3.6.1 exported-variable-declaration = VARIABLE-DECLARATION .
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7.4.3.1 exported-variable-identifier = IDENTIFIER .

7.4.2.1 external-ip = interaction-point-reference .

7.6.10[1  forone-statement = “forone” ( domain-list | module-domain )
“suchthat” BOOLEAN-EXPRESSION
“do” STATEMENT

[ “otherwise” STATEMENT ] .

7.5.4. from-clause = “from” from-list .

7.5.4. from-element = state-identifier | state-set-identifier .
7.54. from-list = from-element { “,” from-element } .
7.3.6. header-identifier = IDENTIFIER .

7.3.5.].1 index-type-list = INDEX-TYPE { ‘JINDEX-TYPE } .

7.6.1. init-statement = “init” medule-variable “with” body-identifier
[ “(” actual-module-parameter-list <) ] .

7.5.1001  initialization-patt = { “initialize” transition-group } .

7.3.4. interaction-argument-identifier = IDENTIFIER .

7.5.6. intPrm‘tinn-argnmPnt-lict = “(” imprnr‘tinn-m‘gnmpnt-idpmiﬁpr

{ “” interaction-argument-identifier } “)” .
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7.3.4.1 interaction-definition = IDENTIFIER
[ “(” VALUE-PARAMETER-SPECIFICATION
{“” VALUE-PARAMETER-SPECIFICATION } “)”] ;.

7.304+ tnteraction-group—by*Tote-Tdemtifier- Tole-idemtifier I
+{ interaction-definition } .

7.314.1 interaction-identifier = IDENTIFIER .

7.315.1.1 interaction-point-declaration = IDENTIFIER-LIST «:” interaction-pointstype
| IDENTIFIER-LIST “:” “array” “[” indextype-list “]”
“of” interaction-point-type .

7.315.1.1  interaction-point-declaration-part = “ip” +{ interaction-peint-declaration ;" } .

7.3]5.1.1 interaction-point-identifier = IDENTIFIER .

7.4{2.1 interaction-point-reference = interaction-point-identifier
[ “RINDEX-EXPRESSION { “,” INDEX-EXPRESSION } “]” ]

7.3|5.1.1  interaction-point-type =.'channel-identifier “(” role-identifier “)” [ queue-discipline ] .

7.6(8.1 interaction-reference = interaction-point-reference “.” interaction-identifier .

7.412.1 internal-ip = interaction-point-reference .

7.5(61 ip-index = CONSTANT | VARIABLE-IDENTIFIER .
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7.7.1 key-words = “activity” | “all” | “any”
| “attach” | “body” | “by”
| “channel” | “common” | “connect”
| “default” | “delay” | “detach”
|  “disconnect” | “exist” |  “export”
! “external’ ! “forone’’ ! “from>’
| “individual” | “init” | “initialize”
| “ip” |  “module” |  “modvar”
|  “name” | “otherwise” | “output”
| “primitive” | “priority” | “process”
| “provided” |  “pure” |  “queue”
| “release” | “same” | “specification”
| “state” | “stateset” | “suchthat”
| “systemactivity” | ‘“systemprocess” | ‘“terminate”
| “timescale” |  “trans” | “when”.
7.3.7. module-body-definition = “body” IDENTIFIER “for” header<identifier*;”
( body-definition “end” «;” | “external” ;) .
7.6.9.1 module-domain = IDENTIFIER “:” header-identifier .
7.3.6.1 module-header-definition = “module” IDENTIFIER [class] [ “(” parameter-list ) ] ;”
[ “ip” +{ interaction-point-declaration ;” } ]
[ “export” +{ exported-variable-declaration *;” } ]
“end” ;" .
74.1.0 module-variable = module-variable-identifier
| module-variable-identifier “[” INDEX-EXPRESSION
{“” INDEX-EXPRESSION } “]” .
7.3.9. moduleévariable-declaration = IDENTIFIER-LIST “:” header-identifier
| IDENTIFIER-LIST “:” “array” “[” index-type-list “]”
“of” header-identifier .
7.39.1 module-variable-declaration-part = “modvar” +{ module-variable-declaration ;” } .
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74.1.1 module-variable-identifier = IDENTIFIER .

7.6.8.1 output-statement = “output” interaction-reference [ ACTUAL-PARAMETER-LIST] .

7.36.1 parameter-list = VALUE-PARAMETER-SPECIFICATION
{“,” VALUE-PARAMETER-SPECIFICATION } .

7.58.1 priority-clause = “priority” priority-constant .

7.5,8.1 priority-constant = UNSIGNED-INTEGER | CONSTANT-IDENTIFIER .

7.55.1 provided-clause = “provided” ( BOOLEAN-EXPRESSION., | “otherwise™) .

7.21 queue-discipline = “common” “queue” | “individtal” “queue” .
7.62.1 release-statement = “release” module-variable .

7.34.1 role-identifier = IDENTIFIER™.

7.34.1 role-list = IDENTIKIER “,” IDENTIFIER .

7.21 specification’ = “specification” IDENTIFIER [ system-class ] ;"

[ default-options ]
[ time-options ]
body-definition
“end” “.” .

7.3.10.1  state-definition-part = “state” IDENTIFIER-LIST ;" .
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7.3.10.1 state-identifier = IDENTIFIER .

7.3.11.1  state-set-constant = “["state-identifier { “,” state-identifier } “]” .

7.3.11.1 state-set-definition = IDENTIFIER “=" state-set-constant .

7.3.11.1  state-set-definition-part = “stateset” +{ state-set-definition “;”} .

7.3.11.1  state-set-identifier = IDENTIFIER .

72.1 system-class = “systemprocess” | “systemactivity” .
7.6.2[1 terminate-statement = “terminate” module-variable
7.2.1 time-options = “timescale” IDENTIFIER “;;
7531 to-clause = “to” to-element .

7531 to-element = “same” |‘State-identifier .

7.5.2)1 transition-block.=" CONSTANT-DEFINITION-PART
TYPE-DEFINITION-PART
VARIABLE-DECLARATION-PART
PROCEDURE-AND-FUNCTION-DECLARATION-PART
[ transition-name ] STATEMENT-PART .

7.52.1 fransition-declaration = trans  tansition-group .

7.5.2.1 transition-declaration-part = { transition-declaration } .
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75.2.1 transition-group = +{ clause-group transition-block “;” } .
7.52.1 transition-name = “name” IDENTIFIER “:” .
7.5(6.1 when-clause = “when” when-ip-reference “.” interaction-identifier
[ interaction-argument-list ] .
7.516.1 when-ip-reference = interaction-point-identifier [ “[” ip-index { “,” ip-index }*1™ .
A.2 Collected syntax from clause 8
8.2(7.1 ASSIGNMENT-STATEMENT = — | module-variable “.=""module-variable .
8.1{1 COMPONENT-VARIABLE = — | exported-variable .
8.2|3.2.1 CONSTANT-DEFINITION = — |IDENTIFIER “=" “any” TYPE-IDENTIFIER .
8.2)4.1 directive = letter { letter | digit} .
8.216.1 EXPRESSION = -~ | module-variable RELATIONAL-OPERATOR module-variable .
8.1}1 FACTOR = — |exist-one .
8.1}1 LETTER = — |« .
8252 PROCEDURE-HEADING = — | “pure” “procedure” IDENTIFIER [FORMAL-PARAMETER-LIST] .
8.2.5.2 PROCEDURE-IDENTIFICATION = — | “pure” “procedure” PROCEDURE-IDENTIFIER .
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8.1.1 REPETITIVE-STATEMENT = — | all-statement .
8.1.1 RESULT-TYPE = TYPE-IDENTIFIER .
8.1.1 SIMPLE-STATEMENT = — | attach-statement

| connect-statement

| disconnect-statement
| init-statement

| output-statement

| release-statement

l terminate-statement

WCiiiaio-stateiiciit .

8.1.1 STRING-CHARACTER = any-character-specified-in-ISO/IEE:646 .
8.1.1 STRUCTURED-STATEMENT = — | forone-statement .

8.2.3]3.1 TYPE-DEFINITION = — |IDENTIFIER<Z” “...” .

8.1.1 WORD-SYMBOL = — | key-words .

A.3| Collected syntax from annex C

6.7.3 actual-paramieter = expression | variable-access | procedure-identifier
| function-identifier .

(132

6.7.3 actual-parameter-list = *“(” actual-parameter { “,” actual-parameter } *)”

6.7.2.1 adding-operator = “+47 | “=" | “or” .

[IR1 1

6.1.7 apostrophe-image =
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6.4.32  array-type = “array” “[” index-type { “,” index-type } “]” “of” component-type .

6.53.2 array-variable = variable-access .

6.812.2 assignment-statement = ( variable-access | function-identifier ) “:=" expression .

6.4/3.4 base-type = ordinal-type .

6.2|1 block = label-declaration-part constant-definition-part type-definition-part
variable-declaration-part procedure-and-function-declaration-part
statement-part .

6.7{2.3 Boolean-expression = expression .

6.4)3.3 case-constant = constant .

6.43.3 case-constant-list = case-constant {, ;¥ case-constant } .
6.813.5 case-index = expression .

6.813.5 case-list-element.="Case-constant-list “:” statement .
6.813.5 case-statement = “case” case-index “of” case-list-element

{“” case-list-element } [ “” ]“end” .

[T I3

6.117 character-string = string-element { string-element } .

6.4.3.2 component-type = type-denoter .
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6.5.3.1 component-variable = indexed-variable | field-designator .

6.8.3.2 compound-statement = “begin” statement-sequence “end” .
6.8.3.8 conditional-statement = if-statement | case-statement .

6.3 constant = [sign ] (unsigned-number | constant-identifier )

| character-string .

6.3 constant-definition = identifier “=" constant .
6.2.1 constant-definition-part = [ “const” constant-definition “;” { ¢onstant-definition “;” } ] .
6.3 constant-identifier = identifier .

6.8.3.p control-variable = entire-variable .

611 dlglt = “0n I“]-” I“2n |“3n |“4n |¢55n |“6” |u7n |“8” lugn .
6.1.5 digit-sequence = digit {digit } .
6.4.4 domain-type (= ‘type-identifier .

6.8.3.4 else-part = “else” statement .

6.8.2.

o

+ PN -
Clllpl.y'bldlclllclll -_— .

6.5.2 entire-variable = variable-identifier .
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6.4.2.3 enumerated-type = “(” identifier-list “)” .

6.7.1 expression = simple-expression [ relational-operator simple-expression ] .

6.1.1 factor = variable-access | unsigned-constant | function-designator
| set-constructor | “(” expression “)” | “not” factor .

6.9.3.3 field-designator = record-variable “.” field-specifier | field-designator-identifier -

6.4.3.10 field-designator-identifier = identifier .

6.4.3.3 field-identifier = identifier .

6433 field-list = [ ( fixed-part [ *;” variant-part ] | variant-part )[“” ] ] .

6.4.3.3 field-specifier = field-identifier .

6.4.3.9 final-value = expression .

[ L]

64.3.3  fixed-part = record-section { “;” record-section } .

6.4.3.9 for-statemgnt = “for” control-variable “:=" initial-value ( “to” | “downto” ) final-value
“do” statement .

6.4.3.1¢ \“formal-parameter-list = “(” formal-parameter-section { “;” formal-parameter-section } “)” .
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6.6.3.1 formal-parameter-section = value-parameter-specification
| variable-parameter-specification
| procedural-parameter-specification
| functional-parameter-specification .

6.1.5 fractional-part = digit-sequence .

6.6.2 function-block = block .

6.6.2 function-declaration = function-heading “;” directive
| function-identification *“;” function-block
| function-heading “;” function-block .

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

6.6.2 function-heading = “function” identifier [ formal-parameter-list ] “:” result-type .
6.6.2 function-identification = “function” function-identifier .

6.6.2 function-identifier = identifier .

6.6.3.1 functional-parameter-specification = function-heading .

6.8.2.4 goto-statement = “goto” label .

6.1.3 identifier = letter { letter | digit } .

6.4.2.3 identifier-list = identifier { “,” identifier } .
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6.8.3.4 if-statement = “if” Boolean-expression “then” statement [ else-part ] .

6.5.3.2 index-expression = expression .

6.4.8.2 index-type = ordinal-type .

9

6.5p.2 indexed-variable = array-variable “[” index-expression, { “,” index-expression } ‘}= \

6.8.3.9 initial-value = expression .

6.16 label = digit-sequence .

6.241 label-declaration-part = [ “label” label { ,” label }($%M] .

61 1 letter = nau I ubn ‘ “C” I udn | “en l “fn ‘ “gn
l uh” I “in | ujn | ukn l “In | “m” | “nn
| “On | “pn I “qn | “rn | “sn | ut” l nu”
I “V” ! “W” I “X” l “yn l “Z” X

6.7{1 member-designator = exXpression [ “..” expression ] .

6.7]2.1 multiplying-operator = “*” | “/” | “div” | “mod” | “and” .

6.4]2.1 newsotdinal-type = enumerated-type | subrange-type .

6.414 new-pointer-type = “1” domain-type .

6.4.3.1 new-structured-type = [ “packed” ] unpacked-structured-type .
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6.4.1 new-type = new-ordinal-type | new-structured-type | new-pointer-type .

6.4.2.1 ordinal-type = new-ordinal-type | ordinal-type-identifier .

6.4.2]1 ordinal-type-identifier = type-identifier .

6.4.4 pointer-type = new-pointer-type | pointer-type-identifier .

6.4.1 pointer-type-identifier = type-identifier .

6.6.3(1 procedural-parameter-specification = procedure-heading .

6.2.1 procedure-and-function-declaration-part = { ( proceduresdeclaration

66,9

| function-declaration ) “;” } .

6.6.1 procedure-block = block .

6.6.1 procedure-declaration = procedure-heading “;” directive

66,9

| procedure-identification “;” procedure-block

[}

|precedure-heading “;” procedure-block .

6.6.1 procedure-heading-= “procedure” identifier [ formal-parameter-list ] .
6.6.1 procedure-identification = “procedure” procedure-identifier .

6.6.1 procedure-identifier = identifier .

6.8.2.3 procedure-statement = procedure-identifier ( [ actual-parameter-list ] ).
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6.4.2.1 real-type-identifier = type-identifier .

6.4.3.3 record-section = identifier-list “:” type-denoter .

6.4.3.3 record-type = “record” field-list “end” .
6.5.3.3 record-variable = variable-access .
6.8.3.10  record-variable-list = record-variable { “,” record-variable } .

6./.2.1  relational-operator = “=" | “<>” | “<” | “>” |“<=" | =" |“in” .

6.8.3.7 repeat-statement = “repeat” statement-sequence “until” Boolean-expression .

6.8.3.6 repetitive-statement = repeat-statement,_[;while-statement | for-statement .
6.6.2 result-type = simple-type-identifier | pointer-type-identifier .

6.[1.5 scale-factor = [ sign~J\digit-sequence .

6.1 set-construetor' = “[” [ member-designator { “,” member-designator } ]“]” .

64.3.4 set-type = ‘“‘set” “of” base-type .

615 sign = “47 | “=" .

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

6.1.5 signed-real = [sign ] unsigned-real .

6.7.1 simple-expression = [ sign ] term { adding-operator term } .

6.8.2.1 simple-statement = empty-statement | assignment-statement

| procedure-statement | goto-statement .

6.4.2.1 simple-type = ordinal-type | real-type-identifier .

6.4.1 simple-type-identifier = type-identifier .

612 Special-symbol = u+” | “_» ’ 13 13 l u/” I u:n
l “<n l “>n | “[” | “]n I u.n
o] S
l ) l n<>n | <: y | “>:’ ' 113 :n
| “.” | word-symbol.

6.8.1 statement = [ label “:” ] (' simplé-statement | structured-statement ) .

6.2.1 statement-part = gompound-statement .

6.8.3.1 statement<sequence = statement { “;” statement } .

6.1.7 string-element = apostrophe-image | string-character .

6.8.3.1 structured-statement = compound-statement | conditional-statement

| repetitive-statement | with-statement .
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6.4.3.1 structured-type = new-structured-type | structured-type-identifier .

6.4.1 structured-type-identifier = type-identifier .

“w »

6.4.2.4 subrange-type = constant “..” constant .

6.4.3.3 tag-field = identifier .

64.3.3 tag-type = ordinal-type-identifier .

6.7.1 term = factor { multiplying-operator factor } .

N
IS

—
-
<
3

e-definition = identifier “="" type-denoter .

6.2.1 type-definition-part = [ “type” type-definition “;” { type-definition “;” } ] .
6.4.1 type-denoter = type-identifier_{new-type .
6.4.1 type-identifier = identifier .

6.4.3.1 unpacked-strictured-type = array-type | record-type | set-type .

6.7.1 unsigned-constant = unsigned-number | character-string | constant-identifier | “nil” .
6.1.5 unsigned-integer = digit-sequence .
6.1.5 unsigned-number = unsigned-integer | unsigned-real .
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6.1.5 unsigned-real = digit-sequence “.” fractional-part [ “e” scale-factor ]
| digit-sequence “e” scale-factor .

[

6.6.3.1 value-parameter-specification = identifier-list “:” type-identifier .

6.5.1 variable-access = entire-variable | component-variable | identified-variable .
6.5.1 variable-declaration = identifier-list “:” type-denoter .
6.2.1 variable-declaration-part = [ “var” variable-declaration “;” { variable-declaration ;" } ] .

6.5.2 variable-identifier = identifier .

6.6.3]1 variable-parameter-specification = ‘“var” identifier-list ““:” type-identivﬁer .
6.4.3]3 variant = case-constant-list “:” “(” field-list *)”

6.4.3]3  variant-part = “case” variant-selector “of” variant { ;” variant } .

6.4.33 variant-selector = [ tag-field “:” ] tag-type .

6.8.38 while-statemerit = “while” Boolean-expression “do” statement .

6.8.3]/10  with>statement = “with” record-variable-list “do” statement .
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6.12 word-symbol = “and” | “array” |  “begin” | “case”
| “const” | “div’ |  “do” |  “downto”
| “else” |  “end” | “for”
| “function” | “goto” | “if” | “in”
|  “label” | “mod” | “nil” | “not”
| “of” | “or” ! “nacked” ! “srocedure—
| “record” |  “repeat” | “set”
[ “then” | “to” | “type” [ “until”
| “var” | “while” | “with”.
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ANNEX B
(informative)
User guidelines
B.1 [User data management

B.1.1

User d4ta management is an important part of a protocol specification:

B.1.2

This ghideline describes preferred means for the manipulation of user date in Estelle in the form of two procedur

encod

of such types as strings of octets.

PDU rhanipulations should be effected by means.of two primitive polymorphic procedures called encode and deco
with headings as follows:

procedure encode (var d : datatype ; prectype); primitive;
procedure decode (d : datatype ;.varf : rectype); primitive;

The effect of these function§-should be to map variables of any record type onto variables of datatype (as defin

in1.3

and vifce versa.

B.1.3

A protedu d-b d-to-convert-vs ord-typ
This procedure should be primitive. The procedure heading should be of the form:

proce:

Purpose of user data management

1 (N)-user data are received by the (N)-layer from the (N+1)-layer and combined-with (N)-PCI to form (N

passed to the (N—1)-layer.

N)-SDUs are built (after possible reassembly) from the received ddta and passed to the (N+1)-layer.

Principles

and decode which may be used to perform mappings between Pascal record types and coded representatiof

of Annex B). Theyshould, in general, perform component-wise mapping of records onto coded octet strin

Encode procedure

PDUs, after possible fragmentation and/or concatenation. Then the (N)-PDUs are,put into (N—1)-SDUs an|

1 when (N—1)-SDUs are received they are decoded (i.e., the (N)-PCI'are recognized and removed) and th

[=7)

[

ES
IS

le

=i
[72]

=]

dure encode ( var d : datatype ; r : rectype);

primitive ;

where datatype denotes a type of the form:
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array [1..C]of0.. 255

and C denotes a positive integer constant,

and where rectype denotes any Pascal record-type.

ISO/IEC 9074:1997(E)

The formal specification accompanying the use of this procedure should express the representation of values of type
datatype in terms of the integral value represented by a sequence of octets each of which represents a number in the

range 0 to 255 in binary notation.

B.1.4 Decode procedure

A procedure called decode should be used to convert values of octet string types into values of Pascal record
This procedure should be primitive. The procedure heading should be of the form:

prdcedure decode ( d : datatype ; var r : rectype ); primitive ;

whiere datatype and rectype denote types as defined in B.1.3.

The formal specification accompanying the use of this procedure should express the representation of values

fypes.

bf the

tyfle datatype in terms of the integral value represented by a sequence of octets'each of which represents a nu mber

in the range 0 to 255 in binary notation.

B.1.5 Guidelines

The two above defined procedures (encode and decode) provide a means to describe any OSI protocol at an gppro-
prifate level of abstraction. However, should a less abstract.(more implementation oriented) description be desifable,
thq specifier may use a more detailed manipulation\0f data type and provide for a more detailed description of

engoding and decoding as illustrated below.

B.1.5.1 Constants and types

Atthe top level of the specification, the following declarations are included:

cgnst
maxdata = any-integer; { the maximum size of any piece
of data that a specification
may handle }
tylpe
octet =0..255; { one byte }
len_type = 0..maxdata; { for data_type length }
dtype——=t-maxdata; {forindex-in-adata-type }

data_type =record { this is a data-type record }
1: len_type; { actual length }
d : array[id_type] of octet; { actual data }

end;
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NOTE — The fact that Pascal does not define how the array of “octet” is actually stored is not relevant since the specification of
an OSI protocol defines only the relationship between the (N) and (N—1)-services in an abstract way. However problems may
arise for physical layer protocols .

Whenever data must be declared, the type “data_type” will be used (i.e., some parameters of interactions and some
variables in the body of modules will be of type “data_type”).

B.1.5|2 Procedures and functions

At th¢ top level of the specification the following functions and procedures will be defined:

{ retyrn the actual length of the data variable }
functjon d_length ( data : data_type): len_type; primitive;

{ initfalize the variable data to a null data_type; i.e., d_length will return 0 }
procedure d_null ( var data : data_type); primitive;

{ copy from_data into to_data }
procedure d_copy ( from_data : data_type;
var to_data : data_type); primitive;

{ prepare a data variable for holding data }
procegdure d_create ( var data : data_type;
length : id_type); primitive;

{ retyrn the octet at the specified offset; 1 is thedirst }
functjon d_get ( data : data_type;
offset : id_type) : octet; primitive;

{ put|the octet at the specified offset; I is the first }
procgdure d_put ( var data : data_type;

offset : idtype;

value :,octet); primitive;

{ append the data cebtained in “addition” to the variable “base”,
and set “addition”to the null data_type }

procgdure d_assemble ( var base : data_type;

var addition : data_type); primitive;

{ the|data’in old are fragmented as follows:
the “len” first octets are moved to head;
the tail ( of length “d_length(old) - len” ) remains in old }
procedure d_fragment ( var head : data_type;
var old : data_type;
len : len_type); primitive;

126


https://standardsiso.com/api/?name=fcb588ffaf36bd33b75378d7b4115f2d

© ISOMEC ISO/IEC 9074:1997(E)

B.1.5.3 Definition of procedures and functions

The procedures and functions declared as primitive at the top of the specification are assumed to have the same
effect as the following Pascal procedures and functions:

{ return the actual length of the data variable }

funvt;uu d_}\/llsth ( dutu . duta_t] l}\d). l\lll_t_yyb,

begin

d_length := data.l; { actual length of data_type }
end;

{ ipitialize the variable data to a null data_type; i.e d_length will return 0 }
prgcedure d_null ( var data : data_type);
var index : id_type; { index over the array of octets }
begin
for index := 1 to maxdata do
data.d[index] := 0;
data.l :=0;
end;

{ dopy from_data into to_data }
prqcedure d_copy ( from_data : data_type;
var to_data : data_type);
var index : id_type; { index over the array of octets }
begin
for index := 1 to maxdata do
to_data.d[index] := from_data.d[index];
to_data.l := from_data.l;
end;

{ prepare a data variable for holding data(}
prdcedure d_create ( var data : data_type;
length : id_type);
begin

d_null(data);

data.l := length;

end;

{ return the octetat'the specified offset; 1 is the first }
furjction d_get( data : data_type;

offset : id_type) : octet;

begin

if (\offset > data.l) then

d_get := 0 { return QO if offset greater than leneth 1
S t & (= had

else d_get := data.d[offset];

end;
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{ put

the octet at the specified offset; 1 is the first }

procedure d_put ( var data : data_type;

begin

offset : id_type;
value : octet);

if ( offset <= data.l) then

end;

© ISO/EC

data.d[offset] := value;

{ append the data contained in “addition” to the variable “base”,

and

et “addition” to the null data_type }

procedure d_assemble ( var base : data_type;

var to
in
begin

end;

{ the
the
the

proce

var in
begin

var addition : data_type);
f length : integer; { total length }
dex : len_type;

{ compute total length and limit it to maxdata }
t_length := base.l+addition.];
(tot_length > maxdata) then

tot_length := maxdata;
" append octets to base }
or index := 1 to tot_length — base.l do
base.d[index+base.l] := addition.d[index];
[ update length of base }
base.] := tot_length;
{ set addition to the null data_type }
H_null(addition);

Hata in old are fragmented as follows:

‘len” first octets are moved to head;

fail ( of length “d_length(old) ~len” ) remains in old }
dure d_fragment ( var head :(data_type;

var old "\data_type;

len len_type);

dex, length : len_type;

if ( len > old:}):then length := old.l

else length :='len; { length is at most the length of old }
d_create(head, length); { initialize head to hold “length” octets }
if (fength > 0) { if length is zero, nothing to do } then begin

{ move length octets from old to head }
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for index := 1 to length do
head.d[index] := old.d[index];
{ move tail of old at the beginning }
for index := 1 to old.I-length do
old.d[index] := old.d[index+length];
{ set to zero the tail of old }
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for index := old.1-length+1 to old.l do
old.d[index] := 0;
old.l ;= old.1-length;
end;
end;

=}

d——— o rrvrercdT
ST ALAGInIpIC

THe following gives a short example of user data manipulation based on the description in Estelle of the. OSI trapsport
proptocol, class 0 [ISO 8073].

copst
noeot=0; { notend of TSDU mark }
eot  =128; { end of tsdu mark }
liidt0 =2; {length indicator for data in class 0 ISO 8073 }
cd_dt0 = 240; { pdu code for data }
vaf

TDSU : data_type; { tsdu being assembled before passing it to the user }
pdu_en : integer;  { pdu length as negotiated during connection phase }

stqte
OPEN, WENC, WFCC, NONG; { state of transport medie }

trans
when TS. T_DT_REQ(T _user_data)
from OPEN to SAME

var
nsdu,frag: data_type; { temporary data_type variable }

procedure build_dt0 ( €ot-mark : octet);
begin
d_create (_nsdu, 3); { header is 3 octet in IS 8073 class 0 }
d_put (nsduy, 1, 1i_dt0); { set the length indicator }
d_put(Dsdu, 2, cd_dt0);  { set the PDU code }
deput( nsdu, 3, eot_mark); { set the end-of-tsdu mark }
drassemble ( nsdu, frag); { append the fragment of user data }
end;

begin { transition block }
while ( d_length ( T.user_data) > pdu_len — 3) do
begin
d_fragment ( frag, T_user_data, pdu_len — 3);
build_dt0 ( no_eot);
output NS.N_DT_RQ ( nsdu);
end;

129


https://standardsiso.com/api/?name=fcb588ffaf36bd33b75378d7b4115f2d

ISO/IEC 9074:1997(E)

build_dt0 (eot);
output NS.N_DT_RQ ( nsdu);
end; { end transition block }

trans
hen NS T DT IND(N user data)

© ISO/IEC

from OPEN to SAME
provided ( { data pdu and eot }
(d_get (N_user_data, 1) =1i_dt0 )
and ( d_get ( N_user_data, 2) = cd_dt0)
and (d.length ( N_user_data) <= pdu_en )
and (d_get ( N_user_data, 3) = eot ))

begin { transition block }
d_fragment ( header, N_user_data, 3); { separate the header }
d_assemble ( TSDU , N_user.data); { append fragment }
output TS.T_DT_IND (TSDU);
d_null (TSDU);

end; { end transition block }

provided ( { data pdu and no eot }
(d_get ( N_user_data, 1) =1i_dt0 )
and (d_get ( N_user_data, 2) = cd_dt0 )
and ( dlength ( N_user_data) <= pdu_en’)
and ( d_get ( N_user_data,3 ) = no_eot-))

begin { transition block }
d_fragment ( header, N_user_data; 3); { separate the header }
d_assemble ( TSDU , N_user.data); { append fragment }
end;

B.2 | Alternating bit example

The dxample specification following specifies an alternating bit protocol that provides reliable communication o
a netyork service that sometimes loses messages. This simple protocol uses a one-bit sequence number (which
ternafes between 0 and I) in each message or acknowledgement to determine when messages must be retransmitt

The specification téxt'includes complete definitions of most module types. By using primitive functions and pro

dures, it omits Certain implementation details.

The flollowing diagram illustrates the global structure of the network and alternating bit entities described in

specifi¢ation.

er
al-
bd.

fe-

he
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User[low] User. . S User[high]
A_Bllow] A_B.. co A_Blhigh]
Network

Structure of Alternating Bit System

Specification Example; timescale seconds;

{ This is the top level module body (specification)
The specification has no attribute,
and all its children ( user, ab, network ) are systems.

copst { “any” base-type
is used to specify that an implementer must
define these constants for his environment. }

low = any integer; { Bounds of interaction point }
high = any integer; { subscripts. }
Retran_time = any #ifeger;  { retransmission time }

type { “...” is used tospecify that an implementer

must define these types for his environment. }
Cep-type=-low .. high;

U_Datatype = ..; { user data }
Seg-type=0..1; { sequence number range }
Id_type = (DATA, ACK);
Ndata_type =
record
Id: Id_type; { type of message }

Conn:Cep_type; { cep of sender }

Data:U_Data_type; { user data }

Seq: Seq-type { sequence number }
end;
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{ Channel definitions for communication between the processes }

channel U_access_point(User,Provider);

by User:
SEND._request (Udata: U_Data_type);
RECEIVE _request;

© ISO/IEC

by Provider:
RECEIVE _response(Udata: U_Data._type);

channpl N_access_point(User,Provider);

hy User:

DATA request(Ndata: Ndata_type);
by Provider:

DATA _response(Ndata: Ndata_type);

{ Module header definitions }

module User_type systemprocess

end;

Conn_end_pt_id: Cep-type); {parameter list}
ip U: U_access_point(User) common queue;
{| of module header definition }

The interaction point is named “U”; its channel-type

is named “U_access_point” and the role of the module
with respect to “U” is named “User”. The queue of “U”
is shared with other interaction points designated
“common queue” within the module named “User”. }

module Alternating_bit_type systemprocess

end;
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( Conn_end_pt_id: Cep-type); {parameter list}
ip {interaction point-list'}
U: U_access_point(Provider) common queue;
N: N_accesszpoint(User) individual queue;
of module header defifiition }

{ The module has two interaction points named “U” and “N™;
the roles/of the module are named:

“Provider” with respect to “U”, and

“User” with respect to “N”.

Notice that there is an individual queue associated

with the interaction point “IN - If the queue woutd

have been common (with the queue of “U”) a
SEND_request interaction output by the user while

the module is the in the ACK_WAIT state would lead

to a deadlock (since the module would not be able

to process a network interaction put in the same queue). }
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module Network_type systemprocess ;
ip { interaction point list }
N: array[Cep_type] of
N_access_point(Provider) individual queue;
end; { of module header definition }

{ “N” is logically partitioned into an array
of identical interaction points; each may be
identified by a subscript whose type is “Cep_type”.}
{ Body definitions for modules }

body Network_body for Network_type; external;

body User_body for User_type;external;

~—

The body for alternating bit is defined below: }

body Alternating_bit_body for Alternating_bit_type;

type
Msg_type =
record { record introduces a data structure }
Msgdata: U_Data_type; { to be “...” }
Msgseq: Seq-type
end;

Buffer_type = ...;

var

Send_buffer, Recv_buffer: Buffer_type;
Send_seq, Recv_seq: Seq-type;

P, Q: Msg_type;

B: Ndata_type;

state ACK_WAIT,BSTAB; { state definition part }

sfateset { state<Set-definition-part }
EITHER =VACK_WAIT, ESTAB];

fI[nction Ack_ok(Nd: Ndata_type): boolean;
begin
Ack_ok := (Nd.Id = ACK) and (Nd.Seq = Send_seq);
end;
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procedure Copy(var To_Data: U_Data_type; From_data: U_Data_type);
primitive; { procedure provided by implementer: copy a user data variable }

procedure Empty(var Data: U_Data_type);
primitive; { procedure provided by implementer:
initialize a variable holding user data to

the value “nouser data”
J

proceture Format_data(Msg: Msg_type; var B: Ndata_type);
begi

B.Id := DATA;

B.Conn := Conn_end_pt.id;

{ connection reference given in the instantiation }
copy( B.Data, Msg.Msgdata); { copy data }

B.Seq := Msg.Msgseq;

end

proceflure Format_ack (Msg: Msg_type; var B: Ndata_type);
begin

B.Id := ACK;

B.Conn := Conn_end_pt_id;

empty (B.Data); { no data for an ACK }

B.Seq := Msg.Msgseq;

end

{ twq variables of type “buffer_type” are used to hold messages ( of type “msg.-type”):
Send_buffer for sending, Receive_buffer for receivifig.
Thgq following procedures and functions are used
mapipulate buffer_type variables }

procedure Empty_buf(var Buf: Buffer_type);
primifive; { procedure provided by implementer :
set a buffer to “empty” 1.€. contains no messages }

procedure Store(var Buf: Buffer_type; Msg: Msg_type);
primitive; { procedure pfevided by implementer :

store a message into a buffer_type
variable-such that the messages can be
retfieved or removed in a FIFO manner}

procedure Remove(var Buf: Buffer_type);
primitive; { procedure provided by implementer :
remove the first message}

function Retrieve(Buf: Buffer_type): Msg_type;

primitive; { function provided by implementer :
retrieve the first message and return it;
the message is not removed }
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function buffer_empty(Buf: Buffer_type) : boolean;
primitive; { function provided by implementer :
check if a buffer contains a message}

pijocedure Inc_send_seq;

begin

Send_seq := (Send_seq + 1) mod 2
bnd ;

pyocedure Inc_recv_seq;

begin

Recv_seq := (Recv_seq + 1) mod 2
bnd;

injtialize { initialization-part of the alternating bit process }

to|ESTAB { initialize major state variable to “ESTAB” }
begin { initialize variables }
Send_seq :=0;
Recv_seq :=0;
Empty_buf (Send_buffer); { implementation spegific }
Empty_buf (Recv_buffer); { implementation specific }
end;

trans { transition-declaration-part of the alternating bit process }

from ESTAB
to ACK_WAIT
when U.SEND_request
begin { transition 1 }
copy(P.Msgdata,Udata); { copy user datain P }
P.Msgseq..='Send_seq; { P holds the sending seq num }
Store(Send_buffer,P); { store P in sending buffer }
Format_data(P,B); { format a network message }
output N.DATA _request(B);
end;
from EITHER
to same
—witemr - RECEIVE Tequest
provided not buffer_empty(Recv_buffer)
begin { transition 2 }
Q := Retrieve(Recv_buffer); { retrieve received message }
output U.RECEIVE _response(Q.Msgdata);
Remove(Recv_buffer) { remove message from receiving buffer }
end;
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from ACK_WAIT
to ACK_WAIT
delay (Retran_time)
begin { transition 3 }
P := Retrieve(Send_buffer); { retrieve message to be retransmitted }
Format_data(P,B); { format a network message }

© ISO/IEC

output N.DATA _request(B);
end;

from ACK_WAIT
fo ESTAB
when N.DATA response
provided Ack_ok(Ndata)
begin { transition 4 }
Remove(Send_buffer); { remove acknowledged message }
Inc_send_seq
end;

from EITHER
0 same
when N.DATA _response
provided Ndata.Id = DATA
begin { transition S }

copy (Q.Msgdata,Ndata.Data);
Q.Msgseq := Ndata.Seq;
Format_ack(Q,B);
output N.DATA requést(B);
if Ndata.Seq = Re¢v.seq then

begin
Store(Recv_buffer,Q);
Ine_recv_seq
end
end;
end; { of the Alternating)bit_body}
modvar

{ module-variable-declaration-part of the specification }

User: array [Cep_-type] of User_type;

Alternating_bit: array|Cep-type] of Alternating_bil_Type,;
Network: Network_type;
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initialize { initialization-part of the specification }
begin { module initialization }
init Network with Network_body;

{ note how the repetitive operator “all” is used for each

ISO/IEC 9074:1997(E)

instance of a connection end point (Cep); i.e., each
interaction point has end points at two modules. }

all Cep: Cep-type do

begin
init User[Cep] with User_body(Cep);
init Alternating_bit[Cep] with Alternating_bit_body(Cep);
{ connect interaction points }
connect User[Cep].U to Alternating_bit[Cep].U;
connect Alternating_bit[Cep].N to Network.N[Cep];

end;

end; { of module initialization within the specification’s initialization-part }

end. { End of specification; the specification has no transition part }
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The f

the clanges.

ANNEX C
(normative)

Pascal subset used by Estelle
i i i i 1 riginal clause numbers should help th ote

NOTH — Symbols deleted from production rules are noted in the following text. Extensions to production rules appeat in clajise

8.

6 R

6.1 L.exical tokens

NOTH
token

6.1.1

The

pquirements

— The syntax given in this subclause describes the formation of lexical tokefis from characters and the separation of these
and therefore does not adhere to the same rules as the syntax in the rest of\this International Standard.

General

exical tokens used to construct Pascal programs are classified into special-symbols, identifiers, directives,

unsigned-numbers, labels, and character-strings. The representation of any letter (upper case or lower case, dif-

feren

occufrence to the meaning of the specification.

NOTE — Clause 8 extends thelproduction rule for letter.

6.1.2

ces of font, etc.) occurring anywhere outside of a character-string (see 6.1.7) shall be insignificant in that

TP

letter = a I ubn l ¢ I ud” I uen | “fn ] [Tt}
| uhn | “i” ‘ ujn | “kn I “In l umn | unn
| uon | up” ! uqn | urn I usn | “t” | “u”
| “V” | “W” l “Xn | “y” I “Z”

digit = 6‘0” |“1n |“2” |u3” l“4n 1“5’5 |u6” |u7n |“8” ‘ugn .

Special-symbols

The gpeCial-symbols are tokens having special meanings and are used to delimit the syntactic units of the langualge.
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SpﬁClal-SymbOl - u+” | “_» | [1% 33 | “/n I “:”
“<n “>n «wfr» «] “‘,,
| [T} I (R | u[n | “] () I [
| u)” I u<>” I u<=” | “>:n | “':”
| |

word-symbol .
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word-symbol = “and” | “array” |  “begin” | ‘“case”
| “const” | “div” | “do” | “downto”
| “else” | “end” | “for”
|  “function” | “goto” | “if” | “in”
| “label” | “mod” | “nil” |  “not”
| “of” | “or” |  “packed” | “procedure”
L
| “then” |  “to” | “type” | “until”
| “var” | “Whi'e” | “With” .

NQTE — The reserved words “file” and “program” have been deleted.

6.1.3 Identifiers

Idgntifiers can be of any length. The spelling of an identifier shall be composed from all its constituent chargacters
talfen in textual order, without regard for the case of letters. No identifier ghall’have the same spelling gs any
ward-symbol. Identifiers that are specified to be required shall have special significance (see 6.2.2.10 and 6.1p).

identifier = letter { letter | digit } .

Examples:

X

time

readinteger

WG4

AlterHeatSetting
InquireWorkstationTransformation
InquireWorkstationIdentification
tr_connect_req

ss_sync_major

NQTE — see clause 8 for directive.

6.1.5 Numbers

A1} unsigned-integet $hall denote in decimal notation a value of integer-type (see 6.4.2.2). An unsigned-rea] shall
depote in decimalviotation a value of real-type (see 6.4.2.2). The letter “e” preceding a scale-factor shall meanltimes
ten} to the power of. The value denoted by an unsigned-integer shall be greater than or equal to 0 (see 6.4.2)2 and

6.7.2.2).

signed-number = signed-integer | signed-real .

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

Sign - “+>7 l“_” .
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unsigned-real = digit-sequence “.” fractional-part [ “e” scale-factor ]
| digit-sequence “e” scale-factor .

unsigned-integer = digit-sequence .

fractional-part = digit-sequence .

© ISO/IEC

pcate-factor = sigm digitsequence—
digit-sequence = digit { digit } .

Examples:

6.1.6

Label

lel0

1

+100
-0.1
5e-3
87.35E+8

Labels

intervpl 0 to 9999. The spelling of a label shall be its apparent integral-value.

6.1.7

A chdracter-string containing a single string-element shall denote a value of the required char-type (see 6.4.2.2).
acter-string containing more than one string-element shall denote a value of a string-type (see 6.4.3.2) w{th
e number of components as the characfer-string contains string-elements. All character-strings with a given

Ach
the s
num

There| shall be an implementation-defined one-to-one correspondence between the set of alternatives from which
stringfelements are drawn and a subset of the values of the required char-type. The occurrence of a string-elemgnt

label = digit-sequence .

Character-strings

r of components shall possess the;same string-type.

in a character-string shall denote/the occurrence of the corresponding value of char-type.

NOTH

G T2y TR

character-string = string-element { string-element } .

string-element<=" apostrophe-image | string-character .

ITELET)

apostrophe-image =

shall be digit-sequences and shall be distinguished by their appatent integral values and shall be in the clospd

-=-Conventionally, the apostrophe-image is regarded as a substitute for the apostrophe character, which cannot be a string-

1

character:

Examples:

140

rA’
.1
7

rrora

'Pascal’


https://standardsiso.com/api/?name=fcb588ffaf36bd33b75378d7b4115f2d

© ISO/IEC ISO/IEC 9074:1997(E)

'THIS IS A STRING’

6.1.8 Token separators

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

7 4o | cef ko N\
(G D T commentary

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

NOQTES

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

equence {*) cannot occur in a commentary even though the sequence {) can.

Comments, spaces (except in character-strings), and the separations of consecutive lines shall be considereq to be
token separators. Zero or more token separators can occur between any two consecutive tokens, before the firsgtoken
of|a specification text, or after the last token of the specification text.\There shall be at least one separator between
any pair of consecutive tokens made up of identifiers, word-symbols, labels or unsigned-numbers. No sepgrators
shiall occur within tokens.

6.1.9 Lexical alternatives

The representation for lexical tokens and separafors given in 6.1.1 to 6.1.8, except for the character sequenges (*
anjd *), shall constitute a reference representation for these tokens and separators.

Tg facilitate the use of Pascal on proces§ors that do not support the reference representation, the following alterna-
tives have been defined. All processors that have the required characters in their character set shall provide bgth the
reference representations and the-alternative representations, and the corresponding tokens or separators shpll not
bq distinguished. Provision of/thg-reference representations, and of the alterative token @, shall be implemenfation-
ddfined.

The alternative representations for the tokens shall be

Rkference token~ \ Alternative token

+ @
[ (.
| 2

NOTE — 1 The character 1 that appears in some national variants of ISO 646 is regarded as identical to the character ". In this
International Standard, the character 1 has been used because of its greater visibility.

The comment-delimiting characters { and } shall be the reference representations, and (* and *) respectively shall
be alternative representations (see 6.1.8).
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6.2 Blocks, scopes, and activations

6.2.1 Blocks

A block closest-containing a label-declaration-part in which a label occurs shall closest-contain exactly one state-
ment in which that label occurs. The occurrence of a label in the label-declaration-part of a block shall be its
deﬁnmg pomt for the reglon that is the block Each applled occurrence of that label (see 6.2.2. 8) shall be a label

% lgorlthm of the actwatlon at that statement (see 6 2 3.2 b))

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

66,9

label-declaration-part = [ “label” label { “,” label } *;

733

constant-definition-part = [ “const” constant-definition “;” { constant-definition ;¥"'} ] .

type-definition-part = [ “type” type-definition “;” { type-definition “;” } K-

[T 2]

variable-declaration-part = [ “var” variable-declaration “;” { variable-deelaration “;” } ] .

procedure-and-function-declaration-part = { ( procedure-declaration
| function-declaration ) “;” } .

The sfatement-part shall specify the algorithmic actions to be execnted upon an activation of the block.

statement-part = compound-statement .

6.2.2 Scopes

See 7|1.

6.2.3 Activations
6.2.3.]1

A progedure-identifier or furiction-identifier having a defining-point for a region that is a block within the procedure-
and-fuinction-declarationépart of that block shall be designated local to that block.

6.2.3.2

The aktivation-of a block shall contain

a)| for-the statement-part of the block, an algorithm, the completion of which shall terminate the activation (s1ee
ats06:8:24 )

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

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

142


https://standardsiso.com/api/?name=fcb588ffaf36bd33b75378d7b4115f2d

© ISO/IEC

ISO/IEC 9074:1997(E)

d) for each procedure-identifier local to the block, a procedure with the procedure-block corresponding to the

procedure-identifier, and the formal-parameters of that procedure-block;

e) for each function-identifier local to the block, a function with the function-block corresponding to, and the

result type associated with, the function-identifier, and the formal-parameters of that function-block;

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

NQTE — Each activation contains 1ts own algorithm, program-points, variables, procedures, and functions, distinct frem
other activation.

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

NQTE — An activation of a block B can only be within activations of blocks contairiing B. Thus, an activation is not

an

Within an activation, an applied occurrence of a label or variable-identifier, or of a procedure-identifier or fun

1dd
fur

an factivation of the function denoted by that function-identifier, denote the result of that activation.

6.2

3.3

a) the activation containing the procedure or function; and

b) all activations that that containing activation is within.

ther activation of the same block.

ntifier local to the block of the activation, shall denote the corresponding program-point, variable, procedy
ction, respectively, of that activation; except that the function-identifier of an assignment-statement shall, v

3.4

every

edure

Within

Ction-
re, or
vithin

A procedure-statement or function-designator¢entained in the algorithm of an activation and that specifies ar acti-

vaf

6.2

Al
me
the

6.3 Constant-definitions

ion of a block shall be designated the activation-point of the activation of the block.

3.5

variables contained by an dctivation and any result of an activation, shall be totally-undefined at the comm)
nt of that activation. The algorithm, program-points, variables, procedures, and functions, if any, shall exis
termination of the activation.

onstant-definition shall introduce an identifier to denote a value.

constant-definition = identifier “="" constant .

ence-
until

PRP: | $1 6 AY
arrcTaCTIoneT )

| character-string .

constant-identifier = identifier .

The occurrence of an identifier in a constant-definition of a constant-definition-part of a block shall constitute its
defining-point for the region that is the block. The constant in a constant-definition shall not contain an applied
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occurrence of the identifier in the constant-definition. Each applied occurrence of that identifier shall be a constant-
identifier and shall denote the value denoted by the constant of the constant-definition. A constant-identifier in a
constant containing an occurrence of a sign shall have been defined to denote a value of real-type or of integer-type.
The required constant-identifiers shall be as specified in 6.4.2.2 and 6.7.2.2.

6.4 Type-definitions
6.4.1 General
A typg-definition shall introduce an identifier to denote a type. Type shall be an attribute that is possessed.by evgry
valueland every variable. Each occurrence of a new-type shall denote a type that is distinct from any other'new-type.

type-definition = identifier “=" type-denoter .

type-denoter = type-identifier | new-type .

new-type = new-ordinal-type | new-structured-type | new-pointer-type .
The dccurrence of an identifier in a type-definition of a type-definition-part of ablock shall constitute its defining-
point[for the region that is the block. Each applied occurrence of that idéntifier shall be a type-identifier and
shall flenote the same type as that which is denoted by the type-denoter of.the type-definition. Except for applied
occurpences in the domain-type of a new-pointer-type, the type-denoter shall not contain an applied occurrence{of
the identifier in the type-definition.
Typeq shall be classified as simple-types, structured-types or peinter-types. The required type-identifiers and corpe-
sponding required types shall be as specified in 6.4.2.2 and 6.4.3.5.

simple-type-identifier = type-identifier .

structured-type-identifier = type-identifier *

pointer-type-identifier = type-identifiers;

type-identifier = identifier .
A type-identifier shall be considered’as a simple-type-identifier, a structured-type-identifier, or a pointer-type-
identffier, according to the type-that’it denotes.
6.4.2 Simple-types
6.4.2]1 General
A simpple-type-shall determine an ordered set of values. A value of an ordinal-type shall have an integer ordipal
number; thevordering relationship between any two such values of one type shall be the same as that between their
ordinplCnumbers. An ordinal-type-identifier shall denote an ordinal-type. A real-type-identifier shall denote the
real-type.
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ordinal-type-identifier = type-identifier .

real-type-identifier = type-identifier .

6.4.2.2 Required simple-types

T

N

following tunes shall exist
o J I

.#.2.3 Enumerated-types

a) integer-type. The required type-identifier integer shall denote the integer-type. The integer-type shall
ordinal-type. The values shall be the whole numbers, denoted as specified in 6.1.5 by signed-integer (se
6.7.2.2). The ordinal number of a value of integer-type shall be the value itself.

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

¢) Boolean-type. The required type-identifier Boolean shall denote the Boolean-type” The Boolean-typs

identifiers false and true, such that false is the predecessor of true. The ordinal numbers of the truth
denoted by false and true shall be the integer values 0 and 1 respectively:

be an
e also

-type.

shall

be an ordinal-type. The values shall be the enumeration of truth values dehoted by the required corstant-

alues

d) char-type. The required type-identifier char shall denote the charstype. The char-type shall be an o

non-negative integer values starting at zero. The following relations shall hold.

ically ordered but not necessarily contiguous.

3) The subset of character valuesrépresenting the lower case letters a to z, if available, shall be alp
cally ordered but not necessarily contiguous.

DTE — Operators applicable to the-tequired simple-types are specified in 6.7.2.

enumerated-type~= “(” identifier-list )" .

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

ty

occurrences of identifiers preceding that identifier in the identifier-list.

ne“denated h he—enume ed pne nd h deno 0 D a WNOSC Ordingdl NuUmpe NC Nun

dinal-

type. The values shall be the enumeration of a set of implémentation-defined characters, some pdssibly
without graphic representations. The ordinal numbers of the character values shall be values of integgr-type
that are implementation-defined and that are determined by mapping the character values on to consecutive

1) The subset of character values representing the'digits O to 9 shall be numerically ordered and contiguous.

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

abeti-

he occurrenee of an identifier in the identifier-list of an enumerated-type shall constitute its defining-point for the
gion that'is the block closest-containing the enumerated-type. Each applied occurrence of the identifier shall be
onstant-identifier. Within an activation of the block, all applied occurrences of that identifier shall poss¢ss the

e_the type’ ¢ i i ber of

NOTE — Enumerated type constants are ordered by the sequence in which they are defined, and they have consecutive ordinal
numbers starting at zero.

Examples:
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shall i
that o

Exam|

6.4.3
6.4.3.

A ney

structyired-type closest-contained by the new-structured-type. A component of a value of a structured-type sh

be a V|

NOTE

The o
The d
econo
efficig

EC 9074:1997(E)

(red, yellow, green, blue, tartan)

(club, diamond, heart, spade)

(married, divorced, widowed, single)

(scanning, found, notpresent)

(Busy, InterruptEnable, ParityError, OutOfPaper, LineBreak)

"S'u‘b'l'augc-t ypes

© ISO/IEC

Fange-type shall include identification of the smallest and the largest value in the subrange. The firstconstgnt

ibrange-type shall specify the smallest value, and this shall be less than or equal to the largest value, whi
e specified by the second constant of the subrange-type. Both constants shall be of the same ordinal-type, a
dinal-type shall be designated the host-type of the subrange-type.

o

subrange-type = constant “..” constant .

bles:
1..100
-10..+10
red. .green
7 O ’ .. I 9 7
Structured-types
I General

v-structured-type shall be classified as an array-type, record-type, or set-type according to the unpacke

alue.

structured-type = new-structured-types}structured-type-identifier .
new-structured-type = [ “packed” ] unpacked-structured-type .

unpacked-structured-type =- ‘array-type | record-type | set-type .

— The symbol file-type Has been deleted.

ccurrence of the token packed in a new-structured-type shall designate the type denoted thereby as packe
esignation.of a structured-type as packed shall indicate to the processor that data-storage of values should

The d

only; i.e., if a component is itself structured, the component’s representation in data-storage shall be packed only

mized, even'if this causes operations on, or accesses to components of, variables possessing the type to be ldss
nt in terms of space or time.

ch
nd

d.
be

the type of the component is designated packed.

pe
if

NOTE — The ways in which the treatment of entities of a type is affected by whether or not the type is designated packed are
specified in 6.4.3.2, 6.4.5, 6.6.3.3, 6.6.3.8, 6.6.5.4, and 6.7.1.
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6.4.3.2 Array-types

........... ac o

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

arrat_tUune Cmims s 9 el 2 A KD ELRTOW o L Ry

array-type = “array | mdex-type{ .’ index-type }; “|” “of” component-type .

index-type = ordinal-type .

component-type = type-denoter .

Example 1:
array [1..100] of real
array [Boolean] of colour

An array-type that specifies a sequence of two or more index-types shall be an abbreviated netation for an array-type
spgcified to have as its index-type the first index-type in the sequence and to have a comptnent-type that is an frray-

A fring thal cnmea
type specifying the sequence of index-types without the first index-type in the sequence and specifying the same

component-type as the original specification. The component-type thus constructéd shall be designated padked if
and only if the original array-type is designated packed. The abbreviated forniand the full form shall be equiyalent.

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

Example 2:

array [Boolean] of array [1..10] of array [size] of real
array [Boolean] of array [1..10,.61ze] of real

array [Boolean, 1..10, size] of &eal

array [Boolean, 1..10] of arrays[size] of real

EXample 3:
packed array [1..10, 1..80. of Boolean
packed array [1..10] of\packed array [1..8] of Boolean

Lgt i denote a value of the index-type; let V; denote a value of that component of the array-type that correspopds to
the value i by the structure of the arfay-type; let the smallest and largest values specified by the index-type be dgnoted
byl m and n, respectively; and detk = (ord(n)-ord(m)+1) denote the number of values specified by the indext-type;
then the values of the array-type’shall be the distinct k-tuples of the form

(Voo Va).

NOQTE — 2 A valug ofah array-type does not therefore exist unless all of its component-values are defined. If the componext-type
hat ¢ values, then it-follows that the cardinality of the set of values of the array-type is c raised to the power k.

Any typ&designated packed and denoted by an array-type having as its index-type a denotation of a subrangg-type
sppcifying a smallest value of 1 and a largest value of greater than 1, and having as its component-type a dendtation
oflthe nhnr-typpy shall be dpcignamd a crring-rvrnp

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

NOTE — 3 The values of a string-type possess additional properties which define their use with relational-operators (see 6.7.2.5).
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6.4.3.3

Record-types

The structure and values of a record-type shall be the structure and values of the field-list of the record-type.

record-type = ‘“record” field-list “end” .

field-list = [ ( fixed-part[ ;" variant-part ] | variant-part )[ “” 1] .

A

Y

A field

value, jand shall be designated empty.

The of

its defining-point as a field-identifier for the region that is the record-type closest-containing the field-list and shall
associpte the field-identifier with a distinct component, which shall be designated a field, of the record-type and pf

the fie
The fi¢

define[ by the variant-part.

Let Vj

field-1}st shall be distinct m-taples of the form

— [ e 1 . ]
rxed-palt = IECUld-'SEuuuul —recora-seetion——

Iacord—section = identifier-list “:” type-denoter .

yariant-part = “case” variant-selector “of” variant { *” variant } .
tag-field = identifier .

fag-type = ordinal-type-identifier .

fase-constant = constant .

.9

eld-identifier = identifier .

6.9

ariant-selector = [ tag-field “:” ] tag-type .

ariant = case-constant-list “:” “(” field-list )"

T3]

ase-constant-list = case-constant { “,” case-constant } .

-list containing neither a fixed-part nor a variant-part shall have no components, shall define a single nyll

currence of an identifier in the identifier-list of a técord-section of a fixed-part of a field-list shall constitute

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

1d-list closest-containing a varianf:patt shall have a distinct component that shall have the values and structure
denote the value of the i-th component of a non-empty field-list having m components; then the values of the

(V1. Va,...Vm)

NOTE|— 1 If the type’of the i-th component has F; values, then the cardinality of the set of values of the field-list is (F; * F{ *

.. *Fq).

A tag]type'shall be the type denoted by the ordinal-type-identifier of the tag-type. A case-constant shall denote the

value

enoted by the constant of the case-constant

The type of each case-constant in the case-constant-list of a variant of a variant-part shall be compatible with the
tag-type of the variant-selector of the variant-part. The values denoted by all case-constants of a type that is required
to be compatible with a given tag-type shall be distinct and the set thereof shall be equal to the set of values specified

by the

tag-type. The values denoted by the case-constants of the case-constant-list of a variant shall be designated

as corresponding to the variant.
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With each variant-part shall be associated a type designated the selector-type possessed by the variant-part.

If the

variant-selector of the variant-part contains a tag-field, or if the case-constant-list of each variant of the variant-part

contains only one case-constant, then the selector-type shall be denoted by the tag-type, and each variant

of the

variant-part shall be associated with those values specified by the selector-type denoted by the case-constants of the
case-constant-list of the variant. Otherwise, the selector-type possessed by the variant-part shall be a new ordinal-
type that is constructed to possess exactly one value for each variant of the variant-part, and no others, and each such

variant shall be associated with a distinct value of that type.

Eagh variant-part shall have a component which shall be designated the selector of the variant-part, and which| shall
pogsess the selector-type of the variant-part. If the variant-selector of the variant-part contains a tag-field,-thgn the
ocdurrence of an identifier in the tag-field shall constitute the defining-point of the identifier as a field-identifier for
the|region that is the record-type closest-containing the variant-part and shall associate the field<identifier with the
selgctor of the variant-part. The selector shall be designated a field of the record-type if and pnly if it is assogiated

with a field-identifier.

Ea¢h variant of a variant-part shall denote a distinct component of the variant-part; the ¢omponent shall haye the
values and structure of the field-list of the variant, and shall be associated with those values specified by the selgctor-
tyfle possessed by the variant-part associated with the variant. The value of the selector of the variant-part shall cause

the| associated variant and component of the variant-part to be in a state that shall be designated active.
ThE values of a variant-part shall be the distinct pairs

(k, Xg)

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

of the variant-part.

NJTES

2 If there are n values specified by the selector-type, and.if the field-list of the variant associated with the i-th value has T;

Yalues,

then the cardinality of the set of values of the variantdpart is (T; + T2 + ... + Tx). There is no component of a value of a variapt-part

cofresponding to any non-active variant of the vartiant-part.

3 Restrictions placed on the use of fields of a record-variable pertaining to variant-parts are specified in 6.5.3.3, 6.6.38, and

6.4.5.3.

Examples:

record
year : 02000;
month 1. .12;
day 1. .31

end

record
name, firstname : string;
age : 0..99;

case married : Boolean of

true : (Spousesname : string);
false : ()

end

record
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X, Yy : real;
area : real;
case shape of

© ISO/IEC

triangle
(side : real; inclination, anglel, angle2 : angle);
rectangle
(sidel, side2 : real; skew : angle);
circle
(diameter : real);
end
6.4.3.4 Set-types
A set-fype shall determine the set of values that is structured as the power set of the base-type'ofithe set-type. Thy
each alue of a set-type shall be a set whose members shall be unique values of the base-type-

NOTE

Examj

NOTE

For e

unpadked-canonical-set-of-T-type and a packed set-type designated the packed-canonical-set-of-T-type. If S is a

subraf
sets 0
6.7.1)

6.4.4

The |
distin
in tha
valued

NOTE

ELNTs

set-type = ‘“‘set” “of” base-type .

base-type = ordinal-type .

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

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

— 2 If the base-type of a set-type has b values, then the catdinality of the set of values is 2 raised to the power b.
ich ordinal-type T that is not a subrange-type, there shall exist both an unpacked set-type designated t

hge-type and T is its host-type, then the set of values determined by the type set of S shall be included in t
f values determined by the unpacked-canonical-set-of-T-type and by the packed-canonical-set-of-T-type (s

Pointer-types

plues of a pointer-type-shall consist of a single nil-value and a set of identifying-values each identifying
t variable possessingthe domain-type of the new-pointer-type. The set of identifying-values shall be dynam
the variables‘and the values identifying them shall be permitted to be created and destroyed. Identifyin|
and the variables identified by them shall be created only by the required procedure new (see 6.6.5.3).

— L Sinee the nil-value is not an identifying-value, it does not identify a variable.

2

Yy
e
ce

Th t o nil chaoll danata ¢ 11 1 M 11 ntaratizna
€ oK Shamachotetne-nir-varucHratr POTIIICI=ty pUST
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new-pointer-type = “¢4”” domain-type .

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

6.4.5 Compatible types

Types T1 and T2 shall be designated compatible if any of the following four statements is true:

Afany place where the rule of assignment-compatibility is used

Atany place where the-rule of assignment-compatibility is used to require a value of integer-type to be assign|
compatible with 4 teal-type, an implicit integer-to-real conversion shall be performed.

.4.6 Assignment-compatibility

e ak1 1.0 +lo Py
a) 11 alll 1 o alt Uit saliav iy po.

¢) T1 and T2 are set-types of compatible base-types, and either both T1 and T2 are designated packed or n
T1 nor T2 is designated packed.

d) T1 and T2 are string-types with the same number of components.

value of type T2 shall be designated assignment-compatible with a type T1 if.any of the following five state
rue:

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

¢) T1 and T2 are compatible ordinal-types, and the value of fype T2 is in the closed interval specified by th
T1.

specified by the base-type of T1.

e) T1 and T2 are compatible string-types.

a) it shall be an error if T1 and T2 are compatible ordinal-types and the value of type T2 is not in the
interval specified by the typeyT1;

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

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

either

ments

e type

d) T1 and T2 are compatible set-types, and all thelmembers of the value of type T2 are in the closed infterval

losed

in the

ment-

6.4.7 Example of a type-definition-part

type

CcOourit = iHLEQEL,

range = integer;

colour = (red, yellow, green, blue);
sex = (male, female);

year = 1900..1999;

shape = (triangle, rectangle, circle);
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punchedcard = array [1..80] of char;
polar = record
r : real;
theta : angle
end;
indextype = 1..limit;
vector = array [indextype] of real;

© ISO/IEC

perfon = 1 persondetails;
perkondetails = record

age : natural;
married : Boolean;

case s : sex of
male

female

end;

NOTH — In the above example count, range, and integer denote the same type. The types denoted by year and natural

father, child, sibling

(enlisted, bearded

(mother, programmer

name, firstname : charsequence;

person;

Boolean) ;

Boolean)

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

6.5 IDeclarations and denotations of variables

6.5.1 Variable-declarations

3

A vatfiable shall be an entity to which a valu€ can be attributed (see 6.8.2.2). Each identifier in the identifier-list
of a vVariable-declaration shall denote a.distinct variable possessing the type denoted by the type-denoter of {he

varialple-declaration.

variable-declaration = identifier-list “:” type-denoter .

The dccurrence of an identifiér in the identifier-list of a variable-declaration of the variable-declaration-part of a
block] shall constitute its. défining-point as a variable-identifier for the region that is the block. The structure of a
variable possessing &structured-type shall be the structure of the structured-type. A use of a variable-access shfall
be an|access, at thétitne of the use, to the variable thereby denoted. A variable-access, according to whether it is|an
entirg-variable)a.component-variable, an identified-variable, or a buffer-variable, shall denote a declared variablg, a

complonent0f:a variable, a variable that is identified by a pointer value (see 6.4.4), or a buffer-variable, respectivgly.

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

NOTE — The symbol buffer-variable has been deleted.

Example of a variable-declaration-part:

var
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X, Yy, zZ, max : real;

i, j : integer;

k : 0..9;

P, 9, r : Boolean;

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

‘c : colour;

huel, hueZ : set of colour;

Ppl, p2 : person;

h, ml, m2 : array [1..10, 1..10] of real;
roord : polar;

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

NOTE — Variables occurring in examples in the remainder of this International Standard should be assumed to haye been
ddclared as specified in the above example.

6.5.2 Entire-variables

entire-variable = variable-identifier .

variable-identifier = identifier .

=)

5.3 Component-variables

=)

5.3.1 General

Al component of a variable shall be a variable. A component-variable shall denote a component of a variaple. A
dference or an access to a component of a variable shall constitute a reference or an access, respectively/ to the
riable. The value, if any, of thexcomponent of a variable shall be the same component of the value, if any] of the
riable.

< < =

component-variable.= indexed-variable | field-designator .

=)}

5.3.2 Indexed~variables

>

componeht'of a variable possessing an array-type shall be denoted by an indexed-variable.

T3]

indexed-variable = array-variable “[” index-expression, { “,” index-expression } “]” .

array-variable = variable-access .

index-expression = expression .

An array-variable shall be a variable-access that denotes a variable possessing an array-type. For an indexed-variable
closest-containing a single index-expression, the value of the index-expression shall be assignment-compatible with
the index-type of the array-type. The component denoted by the indexed-variable shall be the component that
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corresponds to the value of the index-expression by the mapping of the type possessed by the array-variable (see

6.4.3.2).
Example 1:
all2]
ali + 3jl
m[k]
If the [array-variable 1s itsell an indexed-variable, an abbreviation shall be permitied. In the abbreviated form, a

single

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

shall He equivalent.

The o

variablle shall be implementation-dependent.

Example 2:

m[k] [1]
mlk, 1]

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

6.5.3.

B Field-designators

A field-designator either shall denote that component of the record-variable of the field-designator associated (s

6.4.3.

the fie

denot

The o

B) with the field-identifier of the field-specifier of the field-designator or shall denote the variable denoted

s a variable possessing a record-type.

associated with components of the record-type possessed by the record-variable, for the region that is the fiel
speciffer of the field-designator.

field-designator = record-variable “.” field-specifier | field-designator-identifier .
record-variable = variable~access .

field-specifier = field<identifier .

Examples:

An ad
attriby
active

When

NOTE

154

p2t1.mother
coord\, theta

Cess¢to/a component of a variant of a variant-part, where the selector of the variant-part is not a field, sh

Fder of both the evaluation of the index-expressions of, and the access to the array-variable of,'an indexed-

ld-designator-identifier (see 6.8.3.10) of the field-designator. A record-variable shall be a variable-access that

ccurrence of a record-variable in a field-designator shall constitute the defining-point of the field-identifidrs

te_to the selector that value associated (see 6.4.3.3) with the variant. It shall be an error unless a variant|i

ee
by

] 1

fortheemtirety of eactrreferemnce and access 10 eacit COMpONent of the variant:

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

— If the selector of a variant-part is undefined, then no variant of the variant-part is active.
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6.5.4 Identified-variables

An identified-variable shall denote the variable, if any, identified by the value of the pointer-variabie of the identified-
variable (see 6.4.4 and 6.6.5.3) shall be accessible until the variable is made inaccessible (see the required procedure
dispose, 6.6.5.3).

NOTE — The accessibility of the variable also depends on the existence of a pointer-variable that has attributed to it the corre-
spgnding identifying-value.

A pointer-variable shall be a variable-access that denotes a variable possessing a pointer-type. It shall be an error
if the pointer-variable of an identified-variable cither denotes a nil-value or is undefined. It shallkbe an efror to
refnove from the set of values of the pointer-type the identifying-value of an identified-variable{(see 6.6.5.3) when a
reI;rence to the identified-variable exists.

Exgamples:

plt

plt. fathert
plt.siblingt. father?

6.9 Procedure and function declarations

6.6.1 Procedure-declarations

procedure-declaration = procedure-heading “;” directive

TRL

| procedure-identification ;procedure-block

[IRD

| procedure-heading ;" procedure-block .
procedure-heading = “procedure” identifier,[ formal-parameter-list ] .
procedure-identification = “procedure’;procedure-identifier .
procedure-identifier = identifier

procedure-block = block -

The occurrence of a formal,parameter-list in a procedure-heading of a procedure-declaration shall define the fdrmal-
pafameters of the proceddre=block, if any, associated with the identifier of the procedure-heading to be those pf the
fogmal-parameter-list:

Thie occurrence of an‘identifier in the procedure-heading of a procedure-declaration shall constitute its defining}point
as ja procedure-identifier for the region that is the block closest-containing the procedure-declaration.

Each identifier having a defining-point as a procedure-identifier in a procedure-heading of a procedure-declafation
in which the directive forward occurs shall have exactly one of its applied occurrences in a procedure-identifi¢ation
of ja‘procedure-declaration, and this applied occurrence shall be closest-contained by the procedure-and-funftion-
declaration-part closest-containing the procedure-heading.

The occurrence of a procedure-block in a procedure-declaration shall associate the procedure-block with the iden-
tifier in the procedure-heading, or with the procedure-identifier in the procedure-identification, of the procedure-
declaration.

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

6.6.2

156

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

{This procedure attempts to find a zero of f(x) in (a,b) by

© ISO/EC

the method of bisection. It is assumed that the procedure 1is
called with suitable values of a and b such that

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

const
eps = le-10;
var
midpoint : real;
begin
{The invariant P is true by calling assumption}
midpoint := a;
while abs(a - b) > eps * abs(a) do begin
midpoint := (a + b) / 2;
if f(midpoint) < 0 then a := midpoint
else b := midpoint

{Which re-establishes the invariant:
P = (f(a) < 0) and (f(b) >= 0)
and reduces the interval (a,b) provided that the
value of midpoint is distinct.®rom both a and b.}
end;
{P together with the loop exit condition assures that a zero

is contained in a smallcsubinterval. Return the midpoint as
the zero.}

result := midpoint
end;

Function-declarations

function-declaration = function-heading *;” directive
| function-identification “;” function-block
| function-heading “;” function-block .

fun€tion-heading = “function” identifier [ formal-parameter-list ] “:” result-type .
function=tdentificationr —=functionfunction—identifier—

function-identifier = identifier .
result-type = simple-type-identifier | pointer-type-identifier .

function-block = block .
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NOTE — See clause 8 for result-type production rule.

The occurrence of a formal-parameter-list in a function-heading of a function-declaration shall define the formal-

parameters of the function-block, if any, associated with the identifier of the function-heading to be those

of the

formal-parameter-list. The function-block shall contain at least one assignment-statement such that the function-

identifier of the assignment-statement is associated with the block (see 6.8.2.2).

The occurrence of an identifier in the function-heading of a function-declaration shall constitute its definingt-point

as|a function-identifier associated with the result type denoted by the result-type for the region that i$-the

clgsest-containing the function-declaration.

block

Each identifier having a defining-point as a function-identifier in the function-heading of a function-declaragion in
which the directive forward occurs shall have exactly one of its applied occurrences in a fanction-identification
of[a function-declaration, and this applied occurrence shall be closest-contained by the{procedure-and-furction-

deflaration-part closest-containing the function-heading.

THe occurrence of a function-block in a function-declaration shall associate the function-block with the identifier in
th¢ function-heading, or with the function-identifier in the function-identification; of the function-declaratign; the
blck of the function-block shall be associated with the result type that is asso¢iated with the identifier or furction-

identifier.
THere shall be at most one function-block associated with a function-identifier.

Example of a procedure-and-function-declaration-part:
function Sgrt (x : real) : real;

method. }
var
0ld, estimate : real;
begin
estimate := x;
repeat
0ld := estimate}
estimate := (old + x / old) * 0.5;
until abs (estiimate - o0ld) < eps * estimate;
{eps being @a)global constant}
Sgrt := _esStlimate
end { oflSqgrt };

{This function computes the square-root of x (x > 0) using Newton'’s

funétion max (a : vector) : real;
{This function finds the largest component of the value of a.}
var
largestsofar : real;
fence : indextype:
begin
largestsofar := a[l];
{Establishes largestsofar = max(al[l])}
for fence := 2 to limit do begin
if largestsofar < al[fence] then largestsofar := a[fence]
{Re-establishing largestsofar = max(al[l]l, ... ,alfencel)}
end;
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{So now largestsofar = max(al[l], ... ,a[limit])}
max := largestsofar
end { of max };

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

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

{The following two functions analyze a parenthesized expressiomnyand
convert it to an internal form. They are declared forward

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

defined in this International Standard: formula, IsOpenParenthesis, IsOperator,
MakeFormula, nextsym, operation, ReadElement, ReadOperator, and
SkipSymbol. }

function ReadExpression : formula; forward;
function ReadOperand : formula; forward;

function ReadExpression; {See forward declaration of heading.}

var
this : formula;
op : operation;
begin
this := ReadOperand;
while IsOperator (nextsym)(do
begin
op := ReadOperator;
this := MakeFormula'(this, op, ReadOperand);
end;
ReadExpression. :=/ this
end;

function/RéadOperand; {See forward declaration of heading.}
begin

if.EsOpenParenthesis (nextsym) then

begin

SkipSymbol;

Readoperand—=ReadExpression

{nextsym should be a close-parenthesis}

SkipSymbol

end

else ReadOperand := ReadElement

end;
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6.6.3 Parameters

6.6.3.1 General

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

formal-parameter-list = “(” formal-parameter-section { ;" formal-parameter-section } “)” .

An identifier defined to be a parameter-identifier for the region that is\the formal-parameter-list of a proc

formal-parameter-section = value-parameter-specification
| variable-parameter-specification
| procedural-parameter-specification
| functional-parameter-specification .

.9

value-parameter-specification = identifier-list “:” type-identifier .
variable-parameter-specification = “var” identifier-list “:” type-identifier .
procedural-parameter-specification = procedure-heading .

functional-parameter-specification = function-heading .

edure-

heading shall be designated a formal-parameter of the block of the procedure-block, if any, associated with the

S

list closest-containing it, and its defining-point as'the associated variable-identifier for the region that is the

if

The occurrence of the identifier of a procedure-heading in a procedural-parameter-specification shall constit]

de
de

pa
Th

de
de

PA

N
tio

identifier of the procedure-heading. An identifier defined to be*a parameter-identifier for the region that
fofmal-parameter-list of a function-heading shall be designated a formal-parameter of the block of the fun
blpck, if any, associated with the identifier of the function-heading.

T[;E occurrence of an identifier in the identifier-list.6f a value-parameter-specification or a variable-para

is the
ction-

neter-

cification shall constitute its defining-point as a parameter-identifier for the region that is the formal-paraneter-

hny, of which it is a formal-parameter.

fining-point as a parameter-identifier for the region that is the formal-parameter-list closest-containing it, 3
fining-point as the associated procedure-identifier for the region that is the block, if any, of which it is a f
rameter.

e occurrence of the identifier of a function-heading in a functional-parameter-specification shall constit
fining-point as a pafameter-identifier for the region that is the formal-parameter-list closest-containing it, 3
fining-point as the associated function-identifier for the region that is the block, if any, of which it is a f
rameter.

TE — 2If the formal-parameter-list is contained in a procedural-parameter-specification or a functional-parameter-spe
n, thére'is no corresponding procedure-block or function-block.

block,

ite its
nd its
rmal-

ite its
nd its
rmal-

cifica-

6.6.3.2 Value parameters

The formal-parameter and its associated variable-identifier shall denote the same variable. The formal-parameter
shall possess the type denoted by the type-identifier of the value-parameter-specification. The type possessed by
the formal-parameter shall be one that is permitted as the component-type of a file-type (see 6.4.3.5). The actual-
parameter (see 6.7.3 and 6.8.2.3) shall be an expression whose value is assignment-compatible with the type pos-
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sessed by the formal-parameter. The current value of the expression shall be attributed upon activation of the block
to the variable that is denoted by the formal-parameter.

6.6.3.3 Variable parameters

The actual-parameter shall be a variable-access. The type possessed by the actual-parameters shall be the same

identi i ification, and the formal-parameters shall also
possesq that type. The actual-parameter shall be accessed before the activation of the block, and this access sha
a reference to the variable thereby accessed during the entire activation of the block; the correspondin
formal{parameter and its associated variable-identifier shall denote the referenced variable during the activation.

=

An actyal variable parameter shall not denote a field that is the selector of a variant-part. An actual variable paramete
shall n¢t denote a component of a variable where that variable possesses a type that is designated packed.

6.6.3.4{Procedural parameters

The acfual-parameter (see 6.7.3 and 6.8.2.3) shall be a procedure-identifier that has'a defining-point contained by
its blotk. The formal-parameter-list, if any, closest-contained by the formal-parameter-section and the formal-
paraméter-list, if any, that defines the formal-parameters of the procedure denoted by the actual-parameter shall e
congruous, or neither formal-parameter-list shall occur. The formal-parameter and its associated procedure-identifi¢
shall denote the actual-parameter during the entire activation of the block,

—

6.6.3.4 Functional parameters

The adtual-parameter (see 6.7.3 and 6.8.2.3) shall be a function-identifier that has a defining-point contained Yy
its blopk. The formal-parameter-list, if any, closest-contained by the formal-parameter-section and the formajl-
paramgter-list, if any, that defines the formal-paramefers of the function denoted by the actual-parameter shall he
congryous, or neither formal-parameter-list shall o¢cur. The result-type closest-contained by the formal-paramete-
section shall denote the same type as the result-type of the function. The formal-parameter and its associatgd
functign-identifier shall denote the actual-parameter during the entire activation of the block.

6.6.3.6 Parameter list congruity

Two formal-parameter-lists shall. be congruous if they contain the same number of formal-parameter-sections and fif
the fofmal-parameter-sectionsin corresponding positions match. Two formal-parameter-sections shall match if arpy
of the [following stateménts-is true.

144

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

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

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

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

type.
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6.6.4 Required procedures and functions

Lo ol FOR N M
1NC Icquiicu prottuuiv-i

A
shall be as specified in 6.6.5, 6.6.6, and 6.9.

cmmriizad s aadireen

NOTE — Required procedures and functions do not necessarily follow the rules given elsewhere for procedures and functions.

()}

The required procedures shall be dynamic allocation procedures and transfer procedures.

6.6.5.3 Dynamic allocation procedures

=

Qy

ne

di

~

di

~

N

b/
4

fpose(q)

{pose(q,ky,....km)

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

v(p,ci,...,Cn)
shall create a new variable that is totaily-undefined, shail create a new identifying-vaiue of the pointey-type
associated with p, that identifies the new variable, and-shall attribute this identifying-value to the vafiable
denoted by the variable-access p. The created variable shall possess the record-type that is the domain-type of
the pointer-type possessed by p and shall have-nested variants that correspond to the case-constants ci...,cy.
The case-constants shall be listed in order of ifiéreasing nesting of the variant-parts. Any variant not specified
shall be at a deeper level of nesting than that-specified by cn.

It shall be an error if a variant of a variant-part within the new variable is active and a different variant pf the
variant-part is one of the specified‘vatiants.

shall remove the identifying-value denoted by the expression q from the pointer-type of q. It shall be arf error
if the identifying-value had been created using the form new(p,cy,...,Cn).

shall remove theZidentifying-value denoted by the expression q from the pointer-type of q. The case-co

sible (see 6.5.4) and m

ne to which it belones rende he identified-variable idacces-

hat have that value aributed (see 6.6.3.2 and 6.8.2.2).

kes undefined al variables and functions t

It shall be an error if q has a nil-value or is undefined.

It

shall be an error if a variable created using the second form of new is accessed by the identified-variable of the

variable-access of a factor, of an assignment-statement, or of an actual-parameter.
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6.6.5.4 Transfer procedures

In the statement pack(a,i,z) and in the statement unpack(z,a,i) the following shall hold: a and z shall be variable-
accesses; a shall possess an array-type not designated packed; z shall possess an array-type designated packed; the
component-types of the types of a and z shall be the same; and the value of the expression i shall be assignment-
compatible with the index-type of the type of a.

by a 4nd z for the remaining execution of the statements; let aa and zz, respectively, denote the referenced\variabjes
withig the following sentence. Then the statement pack(a,i,z) shall be equivalent to

begin

k:+=i;

for|j := u to v do

bpgin

zz[j] := aalk];

iffj <> v then k := succ(k)
end

e statement unpack(z,a,i) shall be equivalent to

NOTHE — Errors will arise if the references cannot be established, if one or more of the values attributed to j is not assignment-
compfitible with the index-type of the\type of a, or if an evaluated array component is undefined.

6.6.6|Required functions
6.6.6]1 General

The requiredfunctions shall be arithmetic functions, transfer functions, ordinal functions, and Boolean functiony.

6.6.6.2 Arithmetic functions
For the following arithmetic functions, the expression x shall be either of real-type or integer-type. For the functions

abs and sqr, the type of the result shall be the same as the type of the parameter, x. For the remaining arithmetic
functions, the result shall always be of real-type. The result shall be as shown in table 2.
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Table 1 — Arithmetic function results
Function Result

abs(x) absolute value of x

sqr(x) square of x

It shall be an error if such a value does not exist.
sin(x) sine of X, where x is in radians

YoV T ATAY CCS‘i:"" afxxhar

6.6.6.3 Transfer functions

try

roind(x)

6.4

ordl(x)

ch

COSy TO-OT AT Wit U A TS T TacTatny

exp(x) base of natural logarithms raised to the power x
In(x) natural logarithm of x, if x is greater than zero

It shall be an error if x is not greater than zero.
sqrt(x) non-negative square root of x, if x is not negative
It shall be an error if x is negative.

arctan(x) | principal value, in radians, of the arctangent of x

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

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

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

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

.6.4 Ordinal functions

From the'expression x that shall be of an ordinal-type, this function shall return a result of integer-typ
shall be:the ordinal number (see 6.4.2.2 and 6.4.2.3) of the value of the expression x.

r(x)

value
x)<O0.

f x is
ent to

e that

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

all be

the value whose ordinal number is equal to the value of the expression x, if such a character value exists. It

shall be an error if such a character value does not exist. For any value, ch, of char-type, it shall be true

chr(ord(ch)) = ch

succ(x)
From the expression x that shall be of an ordinal-type, this function shall return a result that shall be of the

that
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same type as that of the expression (see 6.7.1). The function shall yield a value whose ordinal number is one
greater than that of the expression x, if such a value exists. It shall be an error if such a value does not exist.

pred(x)
From the expression x that shall be of an ordinal-type, this function shall return a result that shall be of the
same type as that of the expression (see 6.7.1). The function shall yield a value whose ordinal number is one
less than that of the expression x, if such a value exists. It shall be an error if such a value does not exist.

6.6.6.5 Boolean functions

odd(x
From the expression x that shall be of integer-type, this function shall be equivalent to the expression

(abs(x) mod 2 = 1).

6.7 Expressions

6.7.1 General

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

expression = simple-expression [ relational-operator simple-expression ] .
simple-expression = [ sign ]term { adding-operator term } .
term = factor { multiplying-operator factor } .

factor = variable-access | unsigned-constant | function-designator
| set-constructor | #(*.expression “)” | “not” factor .

unsigned-constant = _unsigned-number | character-string | constant-identifier | “nil” .
set-constructor = ““[*[ member-designator { “,” member-designator } 1“|” .

’

member-designator = expression [ “..” expression ] .

Any flactor whose’'type is S, where S is a subrange of T, shall be treated as if it were of type T. Similarly, any facfor
whosg type'is-set of S shall be treated as if it were of the unpacked-canonical-set-of-T-type, and any factor whese
type 1|s packed set of S shall be treated as of the packed-canonical-set-of-T-type.

A set-constructor shall denote a value of a set-type. The set-constructor /[ ] shall denote the value in every set-type
that contains no members. A set-constructor containing one or more member-designators shall denote either a value
of the unpacked-canonical-set-of-T-type or, if the context so requires, the packed-canonical-set-of-T-type, where T
is the type of every expression of each member-designator of the set-constructor. The type T shall be an ordinal-type.

The value denoted by the set-constructor shall contain zero or more members, each of which shall be denoted by at
least one member-designator of the set-constructor.
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The member-designator x, where x is an expression, shall denote the member that shall be the value of x. The
member-designator x..y, where x and y are expressions, shall denote zero or more members that shall be the values
of the base-type in the closed interval from the value of x to the value of y. The order of evaluation of the expressions
of a member-designator shall be implementation-dependent. The order of evaluation of the member-designators of
a set-constructor shall be implementation-dependent.

NOTES

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

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

Expmples:

g) Factors:

15

(x +y + z)

sin(x + y)

[red, c, green]
[1, 5, 10..19, 23]
not p

) Terms:

X *y

i/ (1 - 1)

(x <= y) andly < 2z)

¢) Simple Expressions:

p or gq

X + ¥

-X

Huel + hue2
i * 3+ 1

d) Expressions:

x = 1.5

p <= q
p=gqandr

(1 < 3J) = (3 < k)
¢ in huel

6.7.2 Operators

6..2.1 General
multiplying-operator = ok !“/” !“{‘“\l” !“mnd” !“and”
adding-operator = “+” | “=" | “or” .
relational-operator = “=" | “<>" | “<” | “>” | “<=" | “>=" | “in”

A factor, a term, or a simple-expression shall be designated an operand. The order of evaluation of the operands of
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Table 2 — Dyadic arithmetic operations

Operator Operation Type of operands Type of result

+ Addition integer-type
or real-type

- Subtraction integer-type integer-type if both operands
or real-type are of integer-type

* Multiplication | integer-type otherwise real-type

© ISO/IEC

or real-type

/ Division integer-type real-type
or real-type
div Division with | integer-type integer-type
truncation
mod Modulo integer-type integer-type

Table 3 — Monadic arithmetic operations

Operator Operation Type of operand | Type of result

+ Identity integer-type integer-type
real-type redl-type

- Sign-inversion | integer-type integer-type
real-type real-type

a dyaglic operator shall be implementation-dependent.

NOTH — This means, for example, that the operands may be evaluated in textual order, or in reverse order, or in parallel, or they

may npt both be evaluated.

6.7.2.2 Arithmetic operators

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

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

A ter
abs(i) — abs(j) < abs((i div j) * j) <= abs(i)

wher¢ the valug'shall be zero if abs(i) < abs(j); otherwise, the sign of the value shall be positive if i and j have the

same [signanid negative if i and j have different signs.

A terfrof-the-form-i-modj-shall-be-an-erro s7€
of (i—(k*j)) for integral k such that 0 <=imod j < j

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

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

NOTE — 2 Only fori >=0and j > 0 does the relation (i div j) * j + i mod j =i hold.

The results of the real arithmetic operators and functions shall be the corresponding mathematical results.
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Table 4 — Set operations

Operator Operation Type of operands Type of result

+ Set union The same unpacked-canonical-set-of-T-type

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

97(E)
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Table 5 — Relational operations
Operator Type of operands Type of result
= <> Any simple-type, pointer-type, string-type, Boolean-type
unpacked-canonical-set-of-T-type
or packed-canonical-set-of-T-type
< > Any simple-type or string-type Boolean-type
<= >= Any simple-type, string-type, Boglean-type
unpacked-canonical-set-of-T-type
or packed-canonical-set-of-T-type
in Left operand: any ordinal-type T Boolean-type
right operand: the unpacked-canonical-set-of-T-type
or packed-canonical-set-of-T-type

hall be an error if an integer operation or function is not performed according to the mathematical rules for i
thmetic.
[.2.3 Boolean operators

erands and results for Boolean operations shallbe of Boolean-type. The Boolean operators or, and, and no
hote respectively the logical operations of disjunction, conjunction, and negation.

Boolean-expression = expression-.

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

[.2.4 Set operators
e types of operands and.results for set operations shall be as shown in table 5.

here x denotes a value of the ordinal-type T and u and v are operands of a canonical-set-of-T-type, it shall b
all x that

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

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

hteger

shall

e true

of v;

value

of v;

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

6.7.2.5 Relational operators

Th

e types of operands and results for relational operations shall be as shown in table 6.
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The operands of =, <>, <, >, >=, and <= shall be of compatible types, or they shall be of the same unpacked-
canonical-set-of-T-type or packed-canonical-set-of-T-type, or one operand shall be of real-type and the other shall
be of integer-type.

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

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

NOTE - Since the Boolean-type is an ordinal-type with false less than true, then if p and q are operands of Boolean-type;'p = {1
denotes fheir equivalence and p <= q means p implies g.

172}

When the relational-operators =, <>, <, >, <=, and >= are used to compare operands of compatible string-type
(see 6.4.3.2), they shall denote the lexicographic relations defined below. This lexicographic.ordéring shall impos|
a total prdering on values of a string-type.

144

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

s1 =[s2 iff for all i in [1..n]: s1[i] = s2[i]
s1 <|[s2 iff there exists a p in [1..n]:

(for all i in [1..p-1]:
s1[i] = s2[i]) and s1[p] < s2[p]

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

The oplerator in shall yield the value true if the value of the operand of ordinal-type is a member of the value of the
set-typg; otherwise, it shall yield the value false.

6.7.3 Hunction-designators

A fundtion-designator shall specify the.activation of the block of the function-block associated with the function
identifler of the function-designator 4nd shall yield the value of the result of the activation upon completion of th
algorithm of the activation; it shall'be an error if the result is undefined upon completion of the algorithm.

o

NOTE |— When a function activation is terminated by a goto-statement (see 6.8.2.4), the algorithm of the activation does npt
complefe (see 6.2.3.2 a)), and thus there is no error if the result of the activation is undefined.

If the function has.any formal-parameters, there shall be an actual parameter-list in the function-designator. T}
actual{parameter-list shall be the list of actual-parameters that shall be bound to their corresponding formal-param-
eters defined\in-the function-declaration. The correspondence shall be established by the positions of the parametefs
in the lists-of actual-parameters and formal-parameters respectively. The number of actual-parameters shall be equpl
to the ot tormaryp meters—ne-types Re : aramete A espond-tothe types o 2 dl-
parameters as specified by 6.6.3. The order of evaluation, accessing, and binding of the actual-parameters shall be
implementation-dependent.

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

(T2

actual-parameter-list = “(” actual-parameter { “,” actual-parameter } “)” .
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actual-parameter = expression | variable-access | procedure-identifier
| function-identifier .

Examples:

Sum(a, 63)
GCD (147, k)
sin(x + y)
ord(£f?)

6.§ Statements
6.8]1 General

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

A lqbel, if any, of a statement S shall be designated as prefixing S. The label shall-be permitted to occur in a goto-
stafement G (see 6.8.2.4) if and only if any of the following three conditions i$.satisfied.

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

¢) S is a statement of the statement-sequence of the compaund-statement of the statement-part of a blockl con-
taining G.

statement = [ label “” ] ( simple-statement-|@tructured-statement ) .

NOTE — 2 A goto-statement within a block may refer to'a label in an enclosing block, provided that the label prefixes a statpment
at the outermost level of nesting of the block.

6.8.2 Simple-statements
6.§.2.1 General

A $imple-statement shall b€ a)statement not containing a statement. An empty-statement shall contain no symbol
and shall denote no actien:

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

empty-statement =

6.8.2:2) Assignment-statements

An assignment-statement shall attribute the value of the expression of the assignment-statement either to the vari-
able denoted by the variable-access of the assignment-statement or to the activation result that is denoted by the
function-identifier of the assignment-statement; the value shall be assignment-compatible with the type possessed,
respectively, by the variable or by the activation result. The function-block associated (see 6.6.2) with the function-
identifier of an assignment-statement shall contain the assignment-statement.
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assignment-statement = ( variable-access | function-identifier ) “:=" expression .

The variable-access shall establish a reference to the variable during the execution of the assignment-statement. The
order of establishing the reference to the variable and evaluating the expression shall be implementation-dependent.

The state of a variable or activation result when the variable or activation result does not have attributed to it a value
specified by its type shall be designated undefined. If a variable possesses a structured-type, the state of the variable
When yCOImpo O 'ili' 18 otanry=uanacrmnnca—sna vome ste artca-tofany=nnoe PU, TOtary=unae

shail fje synonymous with undefined for an activation resuit or a variable that does not possess a structured-type.

vV

Examples:
X 1=y + 2
p := (1 <= i) and (i < 100)
i = sqr(k) - (i * J)
huel := [blue, succ(c)]
plt.mother := true

6.8.2.B Procedure-statements

A progedure-statement shall specify the activation of the block of the proceduré‘block associated with the proceduge-
identifier of the procedure-statement. If the procedure has any formal-parafietérs, the procedure-statement shall can-
tain af actual-parameter-list, which is the list of actual-parameters that shall be bound to their corresponding forml-

paranfeters defined in the procedure-declaration. The correspondenice’shall be established by the positions of the

paramjeters in the lists of actual-parameters and formal-parametersrespectively. The number of actual-parametgrs
shall be equal to the number of formal-parameters. The types ofithe actual-parameters shall correspond to the types
of the|formal-parameters as specified by 6.6.3.

The ofder of evaluation, accessing, and binding of the-actual-parameters shall be indeterminate.

procedure-statement = procedure-identifier( [ actual-parameter-list ] ).

Examples:
transpose(a, n, m)
bisect (fct, -1.0, #3130, x)

NOTE— The fourth example is not for level 0.

6.8.2.# Goto-statements

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

a)[the-activation containing the program-point; and

b QST ontivots o ntozaia o ¢l $iviats nt-aof an
oy aCtry atr o Contaiih g e actvattopomToart

nated.

$irzots 1rad-hb 41 \ i PR PRV | .
av v atiomr T vquirto— Oy CACCPTUTIS @) 0T 0 MO T tO- DT (CT I -

c) a goto-statement shall be permitted to appear only within a function-block or a procedure-block; and

d) each occurrence of a goto-statement shall indicate that further processing shall continue at the program-point
denoted by a label that occurs immediately before an empty statement immediately before the end word-
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symbol of the function-block or procedure-block closest containing the goto-statement.

goto-statement = “goto” label .

6.8.3 Structured-statements

6.3-3-1+Generat

structured-statement = compound-statement | conditional-statement
| repetitive-statement | with-statement .

€,

statement-sequence = statement { “;” statement } .

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

6.8.3.2 Compound-statements

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

compound-statement = “begin” statement-sequence “end” <
Example:

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

6.8.3.3 Conditional-statements

conditional-statement = if-statement J\case-statement .

6.8.3.4 If-statements
if-statement = “if” Bodlean-expression “then” statement [ else-part ] .
else-part = “else’statement .

If the Boolean-expréssion of the if-statement yields the value true, the statement of the if-statement shall be exe¢uted.
If the Boolean-gxpression yields the value false, the statement of the if-statement shall not be executed, arld the
stafement of the else-part, if any, shall be executed.

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

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

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

if pl <> nil then pl := plt.father
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6.8.3.5 Case-statements

The values denoted by the case-constants of the case-constant-lists of the case-list-elements of a case-statement shall
be distinct and of the same ordinal-type as the expression of the case-index of the case-statement. On execution of
the case-statement the case-index shall be evaluated. That value shall then specify execution of the statement of the
case-list-element closest-containing the case-constant denoting that value. One of the case-constants shall be equal
to the value of the case-index upon entry to the case-statement; otherwise, it shall be an error.

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

Case-statement = “case” case-index “of” case-list-element
{ 7 case-list-element } [ “;” ]“end” .
66,9

Case-list-element = case-constant-list “;” statement .

case-index = expression .

Example:
case operator of
plus: X 1= X + Y;
minus: X 1= X -~ V;
times: X =X *y
end

6.8.3.6 Repetitive-statements

Repetjtive-statements shall specify that certain statements ate to be executed repeatedly.

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

6.8.3.] Repeat-statements

repeat-statement = “repeat” statement-sequence “until” Boolean-expression .

The sjatement-sequence of the repeat-statement shall be repeatedly executed, except as modified by the executipn
of a goto-statement, until the Boolean-expression of the repeat-statement yields the value true on completion |of
the statement-sequence. The statement-sequence shall be executed at least once, because the Boolean-expression is
evalugted after execution®©f;the statement-sequence.

ot o

Example:
repeat
k 2=™1 mod J;
ie= 3
j o=k
antal j =0

6.8.3.8 While-statements

while-statement = “while” Boolean-expression “do” statement .

The while-statement
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while b do body

shall be equivalent to

begin
if b then
repeat
body
Luntil not (b)
end
Exgmple:
while 1 > 0 do
begin if odd(i) then z := z * Xx;
i := 1 div 2;
X := sqgr(x)
end

6.8.3.9 For-statements

Th for-statement shall specify that the statement of the for-statement(s t6 be repeatedly executed while a prggres-
sion of values is attributed to a variable denoted by the control-variable of the for-statement.

for-statement = “for” control-variable “:=" initial-value,( “to” | “downto” ) final-value
“do” statement .

control-variable = entire-variable .
initial-value = expression .

final-value = expression .

THe control-variable shall be an entire-variable whose identifier is declared in the variable-declaration-part pf the
bldck closest-containing the for-statement. The control-variable shall possess an ordinal-type, and the initialtvalue
anfl final-value shall be of a type compatible with this type. The initial-value and the final-value shall be assignment-
compatible with the type possessed by the control-variable if the statement of the for-statement is executed. After a
fof-statement is executeds-othér than being left by a goto-statement, the control-variable shall be undefined. Neither
a for-statement nor any ‘procedure-and-function-declaration-part of the block that closest-contains a for-statement
shhll contain a statefmert threatening the variable denoted by the control-variable of the for-statement.

A lstatement S shall be designated as threatening a variable V if one or more of the following statements is trye.
a) S issamdssignment-statement and V is denoted by the variable-access of S.

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

) S is a for-statement and the control-variabie of S denotes V.
d) S is a statement specified using an equivalent program fragment containing a statement threatening V.
Apart from the restrictions imposed by these requirements, the for-statement

for v := el to €2 do body

173


https://standardsiso.com/api/?name=fcb588ffaf36bd33b75378d7b4115f2d

ISO/IEC 9074:1997(E)

shall be equivalent to

© ISO/IEC

begin
templ := el;
temp2 = e2;
if templ <= temp2 then
begin
v—=templ:
Qody;
while v <> temp2 do
begin
v 1= succ(v);
body
end
¢nd
end

and thje for-statement

fof v := el downto e2 do body

shall pe equivalent to

bdgin
templ = el;
temp2 = e2;
if fempl >= temp2 then
begin
= templ;
body;
vhile v <> temp2 do
begin
v := pred(v);
body
end
énd
erld

wher¢ temp1 and temp2 denote auxiliary variables that the program does not otherwise contain, and that possess the

type possessed by the variable v if that type is not a subrange-type; otherwise the host-type of the type possessed by

the v4riable v.

Exaniples:

fori := 2 to 63 do
if a[i] > max then max :

for i
for j
begin
x := 0;

1]

for k := 1 to 10 do
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X :=x + ml[i,k] * m2[k,j];

m[i,J] := x

end
for i := 1 to 10 do

for j :=1 to i1 -1 do

m[i][9] := 0.0
for ¢ := blue downto red do
g(c)

6.8.8.10 With-statements

with-statement = “with” record-variable-list “do” statement .
record-variable-list = record-variable { “,” record-variable } .

field-designator-identifier = identifier .

A vfith-statement shall specify the execution of the statement of the with-sfatement. The occurrence of a redord-
varipble as the only record-variable in the record-variable-list of a with<statément shall constitute the defining-point
of eqch of the field-identifiers associated with components of the récord-type possessed by the record-variable as
a fidld-designator-identifier for the region that is the statement of<the with-statement; each applied occurrende of
a figld-designator-identifier shall denote that component of .thé& record-variable that is associated with the fleld-
identifier by the record-type. The record-variable shall be accessed before the statement of the with-statemeht is

exeduted, and that access shall establish a reference to the‘variable during the entire execution of the statement of
the with-statement.

The(statement
with vl1,v2,...vn do s
shal] be equivalent to

with vl do
with v2 do

with vn do s

Example:
with date do
if anonth = 12 then

Begin month := 1; year := year + 1
end
else month := month+1l

has the same effect on the variable date as

if date.month = 12 then

begin date.month := 1; date.year := date.year+l
end
else date.month := date.month+1l
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ANNEX D

(informative)

Estelle Tutorial
D.0 [Introduction

Estelle is a formal description technique (FDT) for specifying distributed, concurrent information processjng
systems with a particular application in mind, namely that of communication protoeols’and services of the layerq of
Open| Systems Interconnection (OSI) architecture defined by ISO.

Estelle is a second generation formal description technique and it reflectsithe experience gained from experiments
in usjng its predecessors (see [4], [S], [8], [9] and [56]). Estelle also feflects collaboration with ITU-T, which
definpd SDL (Specification and Descriptions Language [13]) with which Estelle has some notions in common.

Estelle is one of the description techniques that are intendedxto serve as means to remove ambiguities from ISO
protacol standards, traditionally defined by a combination_of a natural language prose, state tables, etc. Howeyer,
an uphambiguous formal specification still may be far{from any implementation. There is a vital need [for
formplized specifications of distributed systems in-general, and communication protocols in particular, whiich
woulf, at the same time, indicate how implementations may be derived from them. This is precisely the princhil:p

field [of application of Estelle.

Este{;e can be briefly described as a technique that is based on an extended state transition model, i.e., a model ¢f a
non deterministic communicating automaton extended by the addition of Pascal language. More precisely, Est¢lle
may pe viewed as a set of extensiens_to ISO Pascal [42], level 0, which models a specified system as a hierarchjcal
strucfure of communicating aytomata which:

— may run in parallel, and
— may communicate by exchanging messages and by sharing, in a restricted way, some variables.

specified system from the description of the internal behavior of each such component. As in Pascal, |all

manipulated objects are strongly typed. This property enables static detection (e.g. during compilation)| of
specification inconsistencies.

Estef permits a clear separation of the description of the communication interface between components of a
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D.1 A brief overview of the principal concepts in Estelle
D.1.1 Modules and module instances

An Estelle specification describes a collection of communicating components. Each component is in fact an
instance of a module defined within the Estelle specification by a module definition. Thus, it is appropriate to call
compenentsodute—instances—Hereafter—the—termmodule 1 e_used rather than module instance unle it can
lead [to confusion.

The |behavior of a module and its internal structure are specified respectively by the set of transitions (of an
extepded state transition model) that the module may perform and by the definition of submddules (childiren
modliles - see D.1.2) of the module together with their interconnections (see D.1.3).

A mpdule is active if its definition includes, in its transition part, at least one transition; otherwise, it is inactive

In Eftelle particular care is taken to specify the communication interface of a module,-Such an interface is defined
usinf three concepts:

— interaction points;
— channels;
—  interactions.

A mpodule may have a number of input/output access points called interaction points. There are two categorigs of
intefaction points: external and internal. With each interaction point a channel is associated that defines two sefs of
intetactions. These two sets consist of interactions ‘that can transmitted and received, respectively, through an
intefaction point. Interactions are abstract eventsi(messages) exchanged with the module environment (thrgugh
external interaction points) and with children modules (through internal interaction points).

Informally, a module will be represented graphically as a box (rectangle) possibly with points on its bounfary
(extprnal interaction points) and inside of it (internal interaction points). The module name and its class attribute
(seel D.1.4), the names of interaction points and their associated interactions (going in or out) may be added as
shoyn in figure D.1

Request Response

Entity pl
process

Data

p2
®n3 P-ack, N-ack

Figure D.1 - Graphical representation of a module
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D.1.2 Structuring of modules

A module definition in Estelle may textually include definitions of other modules. Applied repeatedly, this leads to-
a hierarchical tree structure of module definitions.

Informally, the hierarchical tree structure of modules may be deplcted as in flgure D.2a or as in flgure D 2b The

spec‘ ication. It is assumed that one (and only one) instance of the specification module always exists.

The |hierarchical tree structure of modules constitutes a pattern for any hierarchy of module instances. The
hierapchical position of a module instance corresponds to the position of the module definition in-this pattern. [By

ernapificatinn madnla ~arracnnande one and one adnla ingtansn v s~

Awla <
UClll llUll lllc bpcvulbauuu lllUUulC \/Ull\.«DPUllUD tU vnv anu Ulll)’ viv lllUUull/ illblallbc I"‘\ll_y UlllCl moauic nlay

correspond to any number of instances. This number may change dynamically (see D.1.5)

The ierarchical tree structure of module instances that may correspond to the“hierarchical tree structure| of
modyles is depicted in figure D.2¢ or as in figure D.2d.

a) b)

=

<
[N]
||

DJIE |[F ] [G][H

Figure D.2 - Graphical representation of a hierarchy of modules ((a) and (b)) and of a hierarchy of their
instances ((c) and (d)).
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Children of the same parent are called siblings (e.g., modules V and W in figure D.2). The transitive relationships
between modules in a hierarchy are called ancestors and descendants (e.g., module A is the ancestor of module X
and module X is the descendant of module A in figure D.2).

D. 13— Commmumication

Module instances within the hierarchy can communicate by

— message exchange;
— restricted sharing of variables.

n

.1.3.1 Message exchange

o

The¢ module instances may exchange messages, called interactions. A module instance can send an interactipn to
andther module instance through a previously established communication link between their two interaction pgints.
Anlinteraction received by a module instance at its interaction point is appended to an unbounded FIFO dueue
asspciated with this interaction point. The FIFO queue either belongs exClusively to the single interaction point
(indlividual queue) or is shared with some other interaction points of athodule (common queue).

A module instance can always send an interaction. This principle is sometimes known as non-blocking send (or
asypchronous communication) as opposed to blocking-send, also known as rendez-vous (or synchrdnous
compmunication).

To jspecify which modules are able to exchange interactions, communication links between modules’ interaftion
poipts are specified by means of connect and attach operations.

A dommunication link between two interaction points is composed of exactly one connect segment and zefo or
mofe attach segments. Informally, each link segment (connect or attach) will be represented graphically by line
segments that bind modules’ interaction’points. Figure D.3 illustrates this convention.
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A

B L1 c I
p 3 G 11
4 12 14
il |
E
1 15 —® 16
D——Jls 17
15
F H
g 67+— 13
2

Figure D.3 - Module instances\and their communication links.

When| an external interaction point of a module is bound to an external interaction point of its parent module, ye
say that these interaction points are attached. In figure D.3 the following pairs of interaction points are attachgd:
(1, 3)] (2, 8), (9, 11), (10, 13) and (17/~18).

Two Hound interaction points are,said to be connected if both are external interaction points of two sibling modules
(e.g., |1, 9), (2, 10), (4, 7),%and (5, 6) in figure D.3), or one is an internal interaction point of a module and the
other [is an external intefaction point of one of its children modules (e.g., (12, 14) in figure D.3), or both gre
internal or external interaction points of the same module (e.g., (15, 16) and (18, 19) in figure D.3).

The specific restrigtions are imposed on connections and attachments of interaction points are detailed in D.3.

Note [also“that an interaction point definition does not determine how the interaction point must be bound. Tyo
instarlces of the same module may have the corresponding interaction point bound differently. For example,
module instances E1 and E2 in figure D.5 may be instances of the same module but their corresponding interaction
points are bound differently.

The communication link specifies that two module instances whose interaction points are the end-points of the link
can communicate by exchanging messages (in both directions) through these linked interaction end-points. In
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figure D.3, for example, interaction points 3 and 11 or 8 and 13 are end-points of links between modules D and G,
and F and H, respectively. The interaction points 1, 9, 2 and 10 are not end-points. Note that, at a given moment,
an interaction end-point may be linked to at most one other interaction end-point.

If a module outputs (sends) an interaction through an interaction point that is an end-point of a communication link
then thls 1nteract10n directly arrives at the other end- pomt of this link and is stored in an unbounded FIFO queue of

com mumcatlon link then the interaction is consndered to be dlscarded Thus only end-to- end communicgtion
between modules’ interaction points is possible.

Sevdral communication links may, however, simultaneously exist between the interaction points of|a.given mogule
instdnce and interaction points of other module instances. Thus multicast communication may.be specified.|For
example the module A in figure D.4 may multicast an interaction by sending it simultaneously-(in one transifion)
throyigh its interaction points p[1], p[2] and p[3] to modules A1, A2 and A3. Observe that-in Estelle all threg of
thes¢ interaction points may be declared as elements of an array (see D.2.1).

D.1.3.2 Restricted sharing of variables

Certpin variables can be shared between a module and its parent moduleXThese variables must be declarefl as
expdrted variables by the module. This is the only way variables may ¢ shared. The simultaneous access to these
varigbles by both the module and its parent is excluded because the.execution of the parent’s actions always| has
priotity (the parent/children priority principle of Estelle - see also'D:4.3.2).

Not¢ that sharing variables is not the only way of communication between a parent and its child: they may [also
communicate by message exchange (see for example comimunication links between interaction points (12, 14)|and
(17,]19) in figure D.3).

Figure D.4 - Multicast communication

D.1.4 Parallelism and Nondeterminism

The way module instances behave with respect to each other is strictly dependent on the way they are nested (see
D.1.2) and attributed.
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A module may have one of the following class attributes

.

systemprocess,
systemactivity,
process,
activity,

or may be notattributed at all

All instances of a module have the same attribute as that defined for the module in the module’s header definitiop.
The mnodules attributed with systemprocess or systemactivity are called system modules.

The following five attributing principles must be observed within a hierarchy of modules

(a) Every active module (i.e., such that its definition includes at least one transitién) shall be attributed

(b) System modules shall not be nested within an attributed module,

(c) Modules attributed with process or activity shall be descendants of a system module,

(d) Modules attributed with process or systemprocess may be substructured only into modules
attributed with either process or activity,

(e) Modules attributed with activity or systemactivity may be stbstructured only into modules
attributed with activity.

Obsqrve that inactive modules may be attributed. Obserye-also that all modules embodying a system module [are
inactive and nonattributed, and that those are the only nonattributed modules within the hierarchy.

The [attributes systemprocess and systemactivity Serve to identify separate communicating systems within |the
specification. In particular the specification itself may have one of these attributes. In such a case the specification
desctibes one system. Each system is a subttee of modules rooted at the system module. The number of sysfem
instances within a specification is always fixed.

For ¢larity of presentation, the following conventions are assumed in subsequent figures:

— system modules\(system roots) and their communication links are in bold lines (these form a static|
system architeeture system architecture system architecture, static),

— dotted lifies-are used for modules enclosing systems modules,

— non bold-lines are reserved for remaining modules and links.

Figure-D.5 'illustrates these conventions. Module A is an unattributed specification (main) module. It has {wo
childrenZ(sys : ivi e i has
three children: D, E and F, attributed with process, activity and process, respectively. Module C has two children
G and H both attributed with activity. Module E has two children both attributed activity. Within the above

specification two systems are identified. Each system is a subtree of module instances rooted at a system module
(modules B and C).

O em-module B_and 1ibuted with s eMProce and ma ne ® Module B
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A | |

B systemprocess C systemactivity

D process l_

G activity

E activity

’
| E1 activity o——eo

E2 activity

F process +_ H activity

Figure D.5 - Attributed-module instances and their communication links; different lines are used to
represent system modulés (bold), modules enclosing system modules (dotted) and others (non bold)

Thefattributes©fymodules play an important role in defining the behavior of a specification (see also the exanjples
in.4.4).

An pttributed module instance acts as a supervising-like manager of its children instances. Recall (see D.1.2)|that
all ancestor (enclosing) modules of a system module are nonattributed. This means that system modules do not
have any supervisor and thus all means of control of their respective behavior is absent. The systems run in a
parallel asynchronous way with respect to each other.
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Within a system, one of two possible behaviors among the system’s module instances may be specified by means
of the attribute assigned to the system module:

—  asynchronous parallel execution, when the systemprocess attribute is assigned,
—  a nondeterministic execution, when the systemactivity attribute is assigned.

D.1.5 Dynamism within a system

The slystem instances and their interconnections (connections of their interaction points) once created’\(by
execufing specification initialization part) are fixed forever (are invariant). This is due to the fact that modules
encloging system modules are always inactive (do not have any transitions) and thus do not have any means [to
dynariically change the system configuration. It is possible, however, that different invariant (static) structures
may He created due to the fact that within the specification different ways of initializing it may\be defined (spe
D.2.4).

In contrast the internal structure of each system and the bindings between interaction points of their submodules
may Yary (i.e., both are dynamic). This is because actions (transitions) of an active-module instance within a
systerh may include statements creating and destroying its children and also creafing and destroying bindings
(attachments or connections) between interaction points of children or between the) interaction points of the modyle
instance and its children. For example, an action of the module instance E-(figure D.5) may create or destroy fts
children module instances E1 and E2 as well as the connection betweendE1*and E2 and the attachment between E
and ER (compare figure D.5 with figure D.3).

Recall that although the number of instances of a specific modale may change in the dynamic structure of [an
Estelle specification, the hierarchical position of each instance corresponds to the respective position of its modyle
definition in the specification.

D.1.6| Typing

All njanipulated objects are strongly typed. Pascal typing mechanisms are extended to purely Estelle objects sych
as: mpdule variables, interactions, interaction-points and (control) states.

D.1.7] Module internal behavior

The irternal dynamic behavior of an Estelle module is characterized in terms of a nondeterministic extended state
transition model, i.e., by defining a set of states, a subset of initial states and a next-state relation.

An eftended state is_in"general, a complex structure composed of many components such as: value of the control
state | values of variables, contents of FIFO queues associated with interaction points and the status of the modple
intergal structure’ (submodule instances, bindings between interaction points, etc.). Initial states of a modple
instance aré defined by an initialization part of the module definition.

The Re ate " g ce-is defined by a set of transitions declared within a transition part of the
module definition. Each transition definition contains necessary conditions enabling the transition execution, and
an action to be performed when it is executed. An action may change the module instance’s state described above
and may output interactions to the module environment. A compound-statements of Pascal is used to define the

actions of a transitions .
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The execution of a transition by a module instance is considered to be an atomic operation. This means that once a
transition’s execution is started, it cannot be interrupted, and conceptually, one cannot observe intermediate results.

The well-known model of a finite state automaton (FSA) is a particular case of a state transition system. Hence, an
FSA may be described in Estelle (see D.4.2).

cen

tial

The joperational semantics for Estelle describes the way these sequences are generated, i.e., the way the systgm’s
tranditions (transitions of its modules) may be interleaved to properly model synchronous parallelism within
subsjystems combined with asynchronous parallelism between them. This global semantics model is describefl in
mor¢ detail in D.4.3.

The [notion of time appears in Estelle to interpret properly “delays” (i.e., dynamic values assigned to spme
trangitions which indicate a number of time units by which the éxecution of these transitions must be delayed).
However, the semantic model retains the hypothesis that.execution times of transitions are unknown. This
knowledge is considered implementation dependent. The model of Estelle outlined above is dependent on a fime
prodess, which is assumed to exist, only in that a relationship between progress of time and computation is defjned
and fthe delay-timers are observed to decide whether a\transition can or cannot be fired. The way the delay-timpers
are interpreted is explained by an example in D.4.2!

The|constraints formulated specify a class-of acceptable time processes. In each implementation or for simulgtion
purfloses, any element of this class may beehosen. (See [30] and [25]).

D.2[ Syntax and interpretation of Estelle concepts

D.2/1 Channels, interactions, and interaction points

Chdnnels in Estelfe specify sets of interactions (messages). Declarations of interaction points refer to channeld in a
spedific way."BY such a reference, a particular interaction point has a precisely defined set of interactions tha{ can
be fespectively sent and received through this point (in a way, the interaction points are typed). Consider} for
exafnple, the following channel definition

channel CHANNEL_Id(ROLE_Id1, ROLE_Id2);
by ROLE_Id1l: ml;
m2;

mN;
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by ROLE_Id2: nl;
n2;

nkK;
by ROLE_Id1, ROLE_Id2:

kl;

K2-

T

kP;

wherg m1,...,mN, nl,...,nK, k1,...,kP are interaction declarations.
Each|interaction declaration consists of a name (interaction-identifier) and possibly some typed-parameters. Thius,
an inferaction declaration

REQUEST(x: integer; y: boolean)

specifies in fact a class of interactions (an interaction type) with a common name REQUEST. Each of the
intergctions in the class is obtained by a substitution of actual parameters (values) for formal parameters x and y.
Thergfore,

REQUEST(1, true) and REQUEST(3, false)
are bpth interactions in the class specified by the interaction declaration above. In the absence of parameters, the
intergction-identifier represents itself.

Now] an interaction point pl may be declared as follows
pl : CHANNEL_Id(ROLE_Id1)

and gnother interaction point p2,

p2 : CHANNEL_Id(ROLE_Id2)

In the first case, the set of interactions that can be sent via pl contains all interactions specified after ‘[by
ROLE_Id1” and after “by ROLE-Id1, ROLE_Id2” in the channel definition (i.e., the interactions declared [by
ml,.].,mN and k1,...,kP), and-the set of interactions which can be received contains all interactions specified affter
“by ROLE_Id2” and after *by ROLE_Id1, ROLE_Id2” in the channel definition (i.e., the interactions declared [by
nl,..},nK and k1,...,kP)\Observe that interactions declared for both roles (i.e., after “by ROLE_Id1, ROLE_Id}”)
are tHose that can bésent and received (and they have to be declared in this way).

In th¢ second.case we have, as it is easy to guess, an exact opposite assignment of interactions sent and receivgd,
i.e., those/nteractions which could be previously sent via pl can now be received via p2 and vice versa.

We say-that-interactionpoints ptand-p2above ptay opposite rofestor trave opposite 1ypes). TwWo Imeraction points
both referring to the same channel and the same role-identifier are said to play the same role (or have the same
type).
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Two interaction points that are linked (in particular, connected) shall play opposite roles since the exchange of
interactions takes place between them (any interaction sent via one interaction point is received via the second and
vice versa). Two interaction points that are attached must play the same role since the aim of attaching them is to
“replace” one of them by the other.

Finally, to specify whether the interaction point p1 does or does not share its FIFO queue with other interaction

poi ts we respectivelyv write:
T

pl : CHANNEL_Id(ROLE_Id1) common queue
or
pl : CHANNEL_Id(ROLE_Id1) individual queue

In the former case, the FIFO queue will be shared with all those interaction points (externalyer internal) which
werp declared common queue within the module.

A group of interaction points of the same type may have a common declaration by means of an array construct| For
example,

p : array[1..3] of CHANNEL_Id(ROLE_Id1)
spegifies, in fact, three interaction points referenced by p[1], p[2], and p[3):

Both external and internal interaction points of a module are declared in the way described above. The distindtion
is nfade only by virtue of where they are declared. External intéraction points of a module are declared withih its
module header definition (see D.2.2), while internal interaction points are declared within the declaration part ¢f its
body definition (see D.2.3).

D.2]2 Modules

A module definition in Estelle is composed of\two parts:

— amodule header definition; and
— amodule body definition:

A module-header definitionspecifies a module type which identifies a class of modules with the same extdrnal
visibility, i.e., with the-sdme interaction points and exported variables, and the same class attribute.

The|definition of a-module header begins with the keyword module followed by its name and optionally by: a
clasy attribute (systemprocess, process, systemactivity or activity), a list of formal parameters, and declarations
of axternalinteraction points (after the keyword ip) and exported variables (after the keyword export). [The
defipitionfinishes with the keyword end. The actual values of the formal parameters are assigned when a mofule
instance’of the module header type is created (initialized) - see D 2.4

The following is an example of a module header definition:

module A systemactivity (R: boolean);
ip p : T(S)individual queue;
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p2 :  W(K) common queue;
p3 :  U(S) common queue;
export X, Y :integer; Z : boolean
end;

Observe that, by the above definition, the same FIFO queue is associated with (is shared by) the interaction points
pl and p2, which means that any interaction received through p1 or p2 will be appended to the (common) queue.

Usually one module body definition is declared for each module header definition. However, more than ore/bofly
may b declared for a header definition to specify possibly different internal behavior and substructure.

A moglule body definition begins with the keyword body followed by: the body name, a reference,to the module
headef name with which the body is associated, and either a body definition followed by the-keyword end or the
keyword external.

For eXample, the following two bodies may be associated with the module header A:

body B for A;

{body definition see D.2.3}
end;

and

body C for A; external;

In fadf, at a conceptual level, two modules have been defined: on€sof which may be identified by the pair (A, B),
and the second by the pair (A, C). The modules thus defined“have the same external visibility (same interactipn
pointy p, pl, p2 and same exported variables X, Y, Z) and'the same class attribute (systemactivity). But thgir
behavjiors, defined by the body definitions are, in principle; different. This means that modules may have differgnt
behavjiors and the same external visibility. A body defined as external does not denote any specific behavior of I‘}he

module. It indicates that either the module body definition already exists elsewhere or will be provided later while
refinipg the specification. The “external” bodies’nicely serve to allow describing an overall system architect
withojut any detailed description of the system components. This feature is illustrated by the example in 4.1.

e

The body definition is composed of three parts:
— adeclaration part;

— an initializatiop-part;

—  atransition part:

D.2.3|Declaration part

The declaration part of a body definition contains usual Pascal declarations (constants, types, variables, procedutes
and functions) and declarations of specific Estelle objects. namely:

— channels;

— modules headers and bodies;
— module variables;

—  states and state-sets;

— internal interaction points.
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Note that, unlike in Pascal, all these declarations may appear in any order and even several times. Note also, that
undefined types (e.g., type buffer = ...) and constants defined using amy construct (e.g., const T = any

INTEGER) may be declared. These two facilities are introduced to allow refinements of the specification.

A body definition which is being declared may contain declarations of other modules (headers and bodies). This,
applied repeatedly, leads to a hierarchical tree structure of module definitions.

For
B1)
head

example, the body definition B declared below for a module-header A contains definitions of modules

Al,

and (A1, B2). These are children modules of the module (A, B), where the detailed definition of the ‘moflule

er A is that from the previous clause D.2.2. The hierarchy of the module definitions is depicted in.figure 6.

module A (*see D.2.2 *) --- end;
body B for A;
ip pl : TI(R2) common queue; {internal ip}
module Al activity (k: integer);
ip pl:TI1(R1) individual queue;
p2 : T1(R2) individual queue;
p : T(S) individual queue;
end;
body B1 for Al; {body definition} end;
body B2 for A1; {body definition} end;
end;

(A,B)

(ALB1) p

®
(A1,B2) P

Figure D.6 - Textual hierarchy of modules
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Module variables serve as references to module instances of a certain module type. For example, the declaration
modvar X,Y,Z : Al

says that X, Y, and Z are variables of the module type specified by the module header named Al.

A module instance may be created or destroyed by statements referencing module variables (init, release and
termjnate-statements-see-D-3-1-and-D-3-6respectively)-

The internal behavior of each module (instance) is defined in terms of an extended state transition model whpse
control states are defined by enumeration of their names. For example,

state IDLE, WAIT, OPEN, CLOSED

decldres four control states IDLE, WAIT, OPEN and CLOSED. In other words, among the’ variables of a modile,
one {mplicit variable is distinguished by the keyword state. The state variable may~assume only those valpes
enunperated by the definition of the above form.

A collection of control states is sometimes referenced using a collective name which may be introduced by a
stateset declaration. For example,

stateset IDWA = [IDLE, WAIT]

Interpal interaction points may be declared to allow communication between a module and its children modufes.
They| are declared in the same way as the external interaction/points (see D.2.1), but in the declaration part ¢f a
modiile body definition rather then in a module header (seg, the declaration of the interaction point pl within [the
body| B for module A).

D.2.4 Initialization part

The [nitialization part of a module body, indicated by the keyword initialize, specifies the values of some variables
of the module with which every newly created instance of this module begins its execution. In particular, lgcal
varigbles and the control variable state.may have their values assigned. Also, some module variables may| be
initiglized, which means that the niodule’s children modules can be created. Creation of children modules dufing
initiglization defines their initial ‘ar¢hitecture

To ititialize Pascal variables,/Pascal statements are used (for example, T := 5) and to initialize the state variable to,
for ekample IDLE, we-write ‘

to IDLE

The |nitialization of a module variable results in the creation of a new module instance of the variable’s type. The
varigble is\then a reference to the newly created module. To this end, the init-statement (see D.3.1) is used. In|the
initidlization ?art, l'ﬁnrlingc may also be created between interaction ?ninfc hy the use of connect (cpp hQZ) hnd
attach (see D.3.4) statements. Assume the following is the initialization part of the module (A, B) from the
previous section:
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initialize

to IDLE
begin

T:=5;

init X with B1 (0);
init Y with B2 (1);
initZ with B1(4);

ISO/IEC 9074: 1997(E)

The

connect pl to Z.pl;
connect X.pl to Y.p2;
connect Y.pl to Z.p2;
attach p to X.p

end;

above initialization part creates three module instances referenced by the module, 'variables X, Y anfl Z,

respectively. All these instances have the same external visibility defined by the module header Al (sincd the

modg

ule variables X, Y and Z have been declared with module type A1). The module_instances (referenced by) X

and[Z are both instances of the same module (A1, B1) and module instance (refetenced by) Y is an instance of the

mod
and
inst:

The
new
shoy

The

vn in figure 7.

illustrates this.

initialize

provided R
to IDLE

begin
T:=5;

init X with B1 (0);

init(Y) with B2 (1);
imit’Z with Bl (4);
connect pl to Z.pl;

connect X.pl to Y.p2

k]

connect Y.pl to Z.p2;

attach p to X.p
end;

prnviﬂpﬂ not R

ule (A1, B2). The module instances X, Y and Z have been initialized withydifferent values (respectively 0, 1
4) of the parameter k declared within the header of the module AY. The concrete hierarchy of module
inces of figure D.7 corresponds to the hierarchical pattern of moduleydefinitions from figure D.6.

initialization also establishes connections and attachments between appropriate interaction points of the three
ly created module instances and those of their parent module. These connections and attachments are |also

initialization part of a module body may define thore than one way of initialization. The example b¢low

to WAIT

begin
T:=8;

init X with B1 (0);

init Y with B2 (1);
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connect X.pl to Y.p2;
attach p to X.p
end;

The actual value of the parameter R (true or false) of the module A (see the module A header definition in D.2.2)
determines how the initialization will be done. When R is true then the module hierarchy is as in figure D.7 and
when it is false as in figure D.8.

p Y
V instance of|(A,B) I:__ V instance of|(A,B)
p pl p .pl
X instance of (A1,B1) X -instance of (A1,B1)
p2 p
— @
1
. '/:’
P pl ¢
/. instance of (A1,B1) pl
p2
I |
TP pl 'p pl
Y instanceof (ALB2) Y instance of (A1,B2)
. p2 p2
Figure-D.7 - Module instance hierarchy corresponding Figure D.8 - Module instance hierarchy corresponding

to the textual pattern in figure D.6. to the textual pattern in figure D.6.
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The initialization part of a module body may also be nondeterministic. The previous example with the provided
clauses removed illustrates this possibility.

It will be seen later (see D.2.5) that the text that follows the initialize keyword has the syntactical forin|of a
trarfsition with the restriction that the only permitted clauses are to-clause and the provided-clause. For this rgason
the fterm initialization transition may also be used.

When creating module instances (executing the init-statements) it may happen that some of them arg not
refdrenced by module variables. For example, when executing the following two statements:

init X with B1(0);
init X with B1(0);

twd module instances will be created but only the second is referenced by<X. There are special Estelle constructs

for |dealing with such non referenced instances (forone and all-statements and exist expression - see D.3.8).

=~

D.2.5 Transition part
Thg transition part describes, in detail, the internal module behavior (see also D.1.7 and D.4.2).

Th¢ transition part is composed of a collection of transition declarations. Each transition declaration begins|with
the|keyword trans. A transition may be either expanded or nested. A nested transition (see D.2.6.1) is a shorthand
nothtion for a collection of expanded transitions; These are characterized in this section.

Ea¢h expanded transition declaration is composed of two parts :

— clause-group;
— transition-block.

Within a clause-groupithe following clauses define the transition firing condition (see also D.4.2):

—  from:clause (from Al,...,An, where Ai (1 <i<n) is a control state or stateset identifier);
— Svhen-clause (when p.m, where p is an interaction point identifier and m an interaction identifier);
=\ provided-clause (provided B, where B is a boolean expression);
—  priority-clause (priority n, where n is an non-negative constant);
| — delay-clause (delay(E1, E2). where E1 and E2 are non-negative integer expressions).

Two other clauses may also appear within a clause-group, namely, a to-clause (see below) and an any-clause (see
D.2.6.3).
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